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1.2 PREFACE

The major goal of the engineering functional specification 1is to

provide a current, accurate, and easily updatable description of the

functional characteristics of the 2080 system. The specifications

will describe the goals and functions of the system as a whole as

well as the functions of the individual components, The

specification will also describe the motivetions and the "whys"

behind the functional design. The components will be described as

functional units (e.g. an IBOX or cache) not as physical parts of

the system such as a particular board.

Emphasis will be placed on clarity of description and speed of

distribution. English, style, and appearance will be considered only

of secondary importance. Update pages will be issued frequently.

All major changes will be marked with change bars.

The functional specifications describe the hardware and firmware.

They will be the documents from which the diagnostic engineers and

software engineers will write their programs. The functional

specification will serve as input to the technical writers. This

function specification should never be released to customers.

The functional specification will describe the test procedures used

to verify the specification, especially the RAMP specification. This

will allow ECCs and new software releases to be verified with the

sane thoroughness as the original product.

Sections enclosed in double square brackets [[ ... ]] are editorisal

comments and questions. They should be resolved as time goes on.

This function specification describes the entire 208¢ system. Not

all items will be available at the same time. The current schedules

will be part of the "2¢80 System Development Plan",
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CHAPTER 2

SYSTEM DESCRIPTION

2.1 OVERVIEW

2.1.1 PRODUCT STRATEGY

The 208¢ provides the basic upgrade path for current TOPS-10 éand

TOPS-20 customers. The 2088 also will allow 26-bit customers to

coexist with VAX by using the corporete interconnect strategy.

when making trade-offs the 2080 project will consider the following

list of primary product goals:

1. Earliest possible time to market (most important)

2. Performance should be 3.5 to 5 X KL1@E (+/- 15 percent). e

will assure that performance is at least 4.¢G X KL1PE. The

compile times for MR1CD1l (& CCBOL program) and SP1l111 (a

FORTRAN program) run under TOPS-2@0 will be used as the

benchmark to measure logic performance.

3. FORTRAN performance with the APA will be at least 3.5 X

KL10E. This will be measured as the execution time for

SP1111. Without the APA FORTRAN execution speed will not be

much faster than 2 X KL1PE and some heavy double precision

programs may run slower than the KL1CE.

4. Lowest possible cost of ownership. This includes the cost

of the 2€86, the «cost of field service and the impact of

downtime.

5. Provide for coexistence with VAX,

In addition there are the following secondary 208¢ product goals:

1. Provide adequate microcode address space and storage to

allow for future functionality or performance improvements,

2. Perform comprehensive error detection at the interfaces

between modular units to [prevent errors from propageting

into the rest of the system without detection.
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Page 2-2

3. All detected errors will be logged in non-volatile storage.

4. Provide remote diagnostic capability grea
Frovided on the KL1® or KSlg.

2.1.2 CPU CLUSTER BLOCK D1AGKAM

ter than that

e T + sT . + tmmm———— -——

'ARITHMETIC ! ! ! !
! HOT I<{======= EBCX I{=======)| IBCX !
! BOX ! ! ! ! !

pmmm e + tmmmmmmemme + pmmmmmm————- +

P Lt .
! ! ! ! ! ! !
| 4mmmmm o $mmmmmm O 1--+ DATA BUS

! ! ! ! ! ADCDRESS BUS

! ! !

fmmmm o mm e + !

CONNECTIONS TO DIAG ! ! !
LOGIC ON EACH BCARD ! MEOX ! !

- ! 1 !

o e S +

! ! ! ECL !
1 e, ———— 1 TO ===z ==

Fom e + ! ! ITL ! ! ! ! !
! ! T S S + ! ! ! !
! DIAGNOSTIC ! ! ! - ! ! ! !
! CONSOLE | I MEMORY ! ! tmmmm o +
! ! ! ! ! ! ICCS ¢V v v IBM 1 1}
e + e + ! ! PORT ! ! ! PORT ! I

! ! tmmmmmme T + 1
e Ty + ! !

! !

+————t S ——

! !

o ————— + e +

! UBA ) ! MBA !

! ! ! !

tom————— + fmmmm e +

NOTE

Some details (e.qg. packet buffers,

bort modules) are omitted for clarity
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2.1.3 SYSTEMm CONFIGURATIONS

2.1.3.1 INITIAL SHIPMENTS In order to reduce the risk and schedule

for the 2€8¢ system, the configurations are being sglit into two

rhases. First is a MASSBUS and UNIBUS based system- to support

shipments during the first year of production. Second is a CI based

system targeted for the majority of the 2080 product life.

The MASSBUS based system will consist of the following options:

2080 SYSTEM PACKACE

KCl¢ Central Processor with 16 entry I-buffer and 8K word cache

512K words main memory

Two RH2E MASSBUS adaptors (for disk and tape)

One DU28 UNIEBUS adaptor

One RPL6-AA disk pack drive.

One front end with 16 Asynchronous lines consisting of:

Cne CN20-MA Front End

One DN2¢-CC Cable Cabinet

One DN25-EC Asynchronous expansion cabinet

One DN25-BA Asynchronous expansion group

One LA34 and one VT100 console terminal peckage.

TOPS-20 Operating System with Extended Features and TGOPS-200 License

Initial Support package

MCS MEMCRY

MAZ8 512K memory exfpansion kits.

DISK ANLC TAPE CCNTRCLLER

RH2¢& Massbus Controller for disk and tape. This consists of an

IO port and a MASSBUS adaptor module.

APD-ON DISK PACK DPRIVES

RPE6~-AA Single access 4€ million word add-on disk pack drive.

RFU6-BA Dual access 40 million word add-on disk pack drive,
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RPE6~-C

RTP20-EA

RTP20-EC

RTP2¢6~-FA

RTP20~FD

RP26-AC

kP20~-ALE

RP20-CB

TU78-CB

TU78-AF

TXU02-EE

TU72-EC

TXY3-EE

TXU3-FB

TXU5-EC

LP20-AA

LP2¢-AC

LP2¢-BA

RP£6 dual access kit.

RP20 DISK SUESYSTEMS

Single channel 967Mb master TOPS-10.

Dual channel 967Mb master 10PS-10.

Single channel 929Mb master TOPS-2(C.

Dual channel 92¢Mb master TCPS-20

Add-on single channel 1TOPS-10 disk.

Add-on single channel TOPS-2¢ disk.

Slave dual port upgrade kit. Converts RP20-AC or RP2¢0-AE
to dual channel disks.

TU78 SERIES MAGNETIC TAPE DRIVES

Magnetic tape subsystem including controller and one
master tape drive 9-track, 125 inches per second, 1628/6A250

bits per inch.

9-track, 125 ips, 1600/6250 bpi add on tape drive.
PREREQUISITE: TU78-~CE.

TU72 SERIES MACNETIC TAPE DRIVES

Magnetic tape controller and DX2¢ channel for TU72 series
tapes.

S-track, 125 ips, 1608/625¢ bpi add-on tape drive.

Two channel switch option and DX20 channel.

Two channel switch for two TX@2 controllers.

Two control unit tape switch option and Txg2.

LINE PRINTERS

36 LPM, LPOS, 64-character, EDP

360 LPM, LP®5, 64-character, SCIENTIFIC

24¢ LPM, LPE5, 96-character, EDP



CCHMPANY CONFIDENTIAL -- Do not duplicate

SYSTEM DESCRIPTION

LP2¢~BC

LP2¢-CA

LP2¢-CC

LP20-DA

LP2¢~-DC

LP2u0@~-BA

CL2e-CA

LUNZG-bB2

DNZL~DA

DN2W-Bb

DN21-DA

DN21-E&

DN21-xx

DN25-EC

DN25-DA

DNZ5-AA

DN25-Ab

DNZ5-BA

©-JUL-80

Page 2-5

24¢ LPM, LPO5, 96-character, SCIENTIFIC

9¢9¢ LpM, LPl4, 64~character, EDP

9vu LPM, LP14, 64-character, SCIENTIFIC

60 LPM, LPl14, 96-character, EDP

660 LPM, LPl4, ¢6-character, SCIENTIFIC

LPE7 CLARABAND line printer with LP2¢f control & cable kit,

SUL/12¢6 LPW.

CARL REALERS

1206 CPM consnle-nodel resder and cnntrol.

OSYNCEKGNCUSE LINE INTERIZCES

Low speec synchironous line controller,

Synchronous expansion drawer, Including one DN2¢-BE with
slots for up to 3 additional DN2¢-BEs.

Low speed synchronous line interface (24¢¢ baud to 19, 2Kb)

Synchronous expansion drawer. Including one DN21-BA with
slots for up to 3 additional CN21-EAs.

High speed synchronous line interface (19.2Kb to S5Kb)

DMC-1]1 based high speed synchronous line interface
1Mb)

(up to

ASYNCERCNOUS LINE INTERFACES

Asynchronous expension cabinet and first drawer
one 8-1line multiplexer.

including

Asynchronous expansion drawer,

multiplexer.,

including one 2-1line

E-line asynchronous line multiplexer.

8~line asynchronous multiplexer with distribution penel.

€-line asynchronous expansion multiplexer.
DN25-AA or DN25-Ab to 16 lines.

Expancs the
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2.1.3.2 TAKRGET SYSTEMS - Here is a picture of a possible duel 208¢

configuration which should give a good idea of the sorts of things

that can be done. There are two 2£8@2 systems hooked together with

ICCS. Each 2080 has an HSC50 which can access a number of disks.

Terminals are attached using a MERCURY communications controller on

the ICCS bus.

In practice, this system would have more ICCS 1lines connecting the

208¢'s to the various I/0 controllers.

pm——————— + e +

! T S WS +-—=1 !

! P tmmmmm——- + Lo !

1 2089 ot ! MERCURY ! 11 2080 !

=1 P T- + P !

1o 1 Py P !

R + ! 1oy I et +

! ! TERMINALS !

pmmme ———— + fmm———— + pomm—————- +

! MERCURY ! | HSCS5¢ ! ! HSCS5€ !

! COMM ! tmm————- + e ———— +

tommm————- + ! +————-- + 1oy S e +

A ! ! ! 1 ! !

I I tmmmm—— ! DISK !=~-===~ + 4m——mm- ! TAPE !

TERMINALS ! ! ! ! ! !

! fmmm——— + ] e ——— +

! !

! N A + !

! ! ! !

T | DISK l-====~ +

g !

mm———— +

2.2 HARCWAKE ORGANIZATION

This section provides a summary of the major blocks in the 2£8# CFU

cluster. Full details of each block will be found in later chapters.

2.2.1 CONSOLE SUMMARY

The console performs the traditional "lights and switches" function

on the 298¢ system. It performs three functions for the 2¢8(¢ system:

bootstrap, operator supgort, and diagnostics.
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2.2.1.1 BCOTSTRAP - This function turns the machine 1into something

that the software bootstrap can use to 1load the monitor or

diaynostics. The following actions need to take place:

1. KReset the 2080 and verify that nothing is obviously broken.

2. Load the microconde (IBCX, EEOX, MECX, PORT).

3. Load and start a pre-boot from disk or tape.

2.2.1.2 COPERATOR SUPPORT -~ This node provides several simple

commands to start and stop the system. It also provides operating

system sugpport for the console terminal so the operator can talk to

the operating system.

2.2.1.3 DIAGNOSTIC SUPPORT -~ The console can control the hardware

and monitor outputs to enable programs to execute in the console and

diaygnose the machine.

2.2.2 1BGX SUMMARY

The part of the 2680 most responsible for its speed, (and complexity)

is the IBOX (or instruction unit). The purpose of the IBCX is to

fre-fetch instructions and operands, so that the EbCX (or execution

unit) will have & steady stream of instructions to execute.

The IBUOX attempts to gather up to 16 instructions and operands ahead

of the LEBOX, so as to smooth the flow between the memory system and

the EBCX, both of which have considerable variation in their

ojeration times.

Central to the IBCX is a buffer of 8 even-odd pairs of instructions.

The buffer 1is allocated in pairs since the MBCX can deliver an

even-odd pair in one of its cycles. The storage in the instruction

buffer is dynamically allocated among up to 3 instruction streems,

depending on the branching characteristics of the program fragnent

being pursued. Associated with each of the 16 slots in the

instruction buffer are one or twno words of operand buffer, the second

operand buffer being included with the optional FPA (floating point

accelerator).

Since the MECX may return words in a different order than requested,

a system of "tags" is used to keep the returning wonrds straight. The

tag consists of the buffer identifier (instruction, first or second

operand) and the slot number. Each recuest to the MEBCX 1is

accompanied by a tag, which is returned by the MBE0OX when it completes

the request, Along with the returned tag, the MECX may indicate some

type of failure which prevented it from returning the requested data.
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The IBOX is controlled by an interruptable microcoded engine. The
top level program in the IBOX basically tries to keep the instruction
buffers full by issuing MBOX requests for instructions. It decides
which of the three possible streams to follow, and issues tags for
the resultant requests,

As words come back from the MBOX, IBCX microcode interrupts are
taken, which cause the words to be stored away, and analyzed. 1In the
case of returning instructions, the effective address is comgputed,
and, 1if the instruction requires, another MBOX request is issued for
the data word(s). If the instruction is a branch, then, unless all
three instruction streams are active, another stream is activated,
causing both branch paths to be pursued. An associative comparison
is made at each branch to determine whether the target is already
located within the instruction buffer, thus allowing short loops to
run without fetching instructions from the MBOX.

A three stage delay pipe is employed to allow the tags of the
rossible successor instructions to be stored with each instruction.
This is necessary since the instruction buffer storage allocatinn is
dynamic, and may be entirely scrambled.

All of the above described pre-fetching is done without regard to the
validity of either the 1index registers or the actual data being
fetched. Cache thrashing which occurs as a result of referencing
words which may not, after all, be required is hoped to be minimal.
Attempts to reference words in pages not contained in the page
translation cache are simply aborted, and the appropriate error
indication is returned by the MBOX. These references are deferred
until the word is actually required by the EBCX. In this case, it is
hoped that not too many legitimate translation misses occur, since
that will bottle up the IBOX pre-fetching.

Simultaneous with keeping its buffers filled from the MBCX, the IBOX
is emptying itself by fpassing instructions and data to the FRCYX.
Al though the EEBOX microcode engine takes two cycles per
microinstruction, the 1IBOX supplies the first microinstruction from
its own fast RAMs, allowing many instructions to pess thru the EBCX
in one cycle. If two microinstructions are recuired in the ERCX, the
second one comes from the EBCX microcode, and will be ready to go
after the (first IBOX-originated cycle, thus allowing completion in
two cycles. ©Successive microinstructions take 2 cycles each.

As an instruction is passed to the EBOX, the tags of the two possible
successor instructions become available, and both are read out of the
buffer simultaneously. A static predictor based on the instruction
type selects one of the two to be presented to the EBCX. If the
previous instruction takes the contrary branch, one cycle 1is 1lost
while switching to the alternate successor.

The remaining problem is that of "conflicts", which occur when a
result of one instruction affects a successive instruction already in
the IBCX. Since the architecture of the PCP-18 allows arbitrary
storing into the instruction strean, anything done in speculation
might be invalid. Thus, the IBOX keeps in associative memory all
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locations, both in memory and in general registers, which were used

in the process of filling its buffers.

Stored in the associative memory are the PC (program counter) values

from which 1instructions were fetched, the index register locations

used to compute effective addresses, and the accumulator locations

which either are themselves data, or might point to data.

When the EBOX does an instruction which writes an AC which is either

the AC operand or the memory operand of the next instruction, the

result 1is "fed forward", substituting for the actual register

contents at no cost in time. The writing of an 2C also forces an

associative lookup against all registers used in the calculation of

the effective addresses for instructions in the IBOX buffers.

Similarly, the writing of a result to memory forces the associative

comparison to be made against memory locations used to fill the IBCX

buffers.

Should any wmatches against the IBOX occur, a priority encoder forces

as many refetches as are necessary, although the order in which they

are done does not bear any relation to the order in which they may be

needed. Since the same location may be overwritten, and refetches

issued, up to twice before the MBOX responds, a count of onutstanding

MBCX references is kept against each buffer slot. This count must be

zero for the buffer contents to be considered valid.

A special test is made in the IBCX for unconditional jumps (or at

least the most common of them: JRST ¢,). If a JRST is the next

instruction up, and the EBOX signals that it is not storing over the

JRST, which 1is known one cycle early, then the IBOX will pass over

the JRST, and be ready to feed the successor instruction to the EBCX,

with no net time spent on the JRST. Since JRSTs account for some 10%

of all instructions executed, this is a significant advantage.

2.2.3 EBOX SUMMARY

The EBOX does all of the "real" computation in the 2¢8¢. The EBCX

has a wide microcode word which directly controls 2l1 of the logic in

the LBOX.

The EBOX does all of the stores required by the progrem. This keeps

everything in sync so that we can recover from a page failure.

2.2.4 ARITHMETIC PROCESSING ACCELERATCR SUMMARY

The 20680 AFA monitors the IBCX and EBCX and speeds up selected

orerations. These include single and double precision floating point
add, subtract, multiply and divide and single precision 1integer
multiply and divide.

The following classes of instructions will be processed in the 2APA:
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l. Single Precision Floating Point

2., Single Precision Integer

3. UDouble Precision Floating Point

4. Expanded Range Double Precision Floating Point

5. Conversion Instructions

2.2.5 MBOX SUMMARY

The MBCX is the central block of the 2¢80 system. It contains the

cache memory and all of the hardware required to do paging and to

read and write physical memory.

The MEOX has a microprocessor which handles many of the complex MBOX

functions (like a cache refill)., Simple virtual memory reads do not

require the microprocessor to do anything.

2.2.6 MEMORY SUMMARY

The 2080 has internal 64K MCS memory. The memory has ECC on every

word. The memory always reads 4 words at one time. These four words

are latched on the memory array cards and sent serially to the MBCX

where they are written into the cache.
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2.2.7 1/0 SUMMARY

The 2080 uses a microprogrammed I0 processor called &8 "PORT". The

port performs several common functions for all 2¢08¢ IO interfaces:

1. Interface to the 208¢ TTL bus}

2. Data repacking. 1In particular, conversion of 36 bit words

into 8 bit byte streams in any one of several formats.

3. Command processing. fThe port maintains several queues of

outstanding commands and schedules data transfers.

4., Processing channel command lists and buffer descriptors,

5. Interrugpt processing.

There are up to eight ports in the 2¢8¢. Each port can control any

one of four types of IC interface:

l. ICCS link - connection to other processors, HSC5¢ and

MERCURY.

2. MASSBUS ~ Connection to current disks and tepes (e.g. RP£5,

RP26, TUu78).

3. UNIBUS (or 1¢/11 interface) =~ —connection to DN2¢-style

communications options.

4. IBM ELOCK MUX - connection to PCM disks and tafpes.

2.3 DIFFERENCES FROM THE KL10

2.3.1 SUMMARY OF MAJOR DIFFERENCES

1. Lower transfer cost than a KL1@.

2. Smaller in size.

3. Much faster than a KL1@.

4. Both T0PS~-10® and 1TOPS-20 paging available under fprogram

control,



COMPANY CONFIDENTIAL -- Do not duplicate S-JuL-80
SYSTEM DESCRIPTION Page 2-12

2.3.2 EXEC AND USER INSTKUCTIONS

2.3.2.1 NEW EXEC AND USEK INSTRUCTIONS - [[this section will be
completed in a future edition]]

2.3.2.2 CHANGED EXEC AND USER INSTRUCTIONS - [[this section will be
completed in a future edition]]

2.3.2.3 DISCCNTINUED EXEC AND USEK INSTRUCTIONS -~ UFaA, DFN, FADL,
FEBL, IMPL and EDVL are not available on the 2¢08¢. They all trap as
MUUOs.

These instructions are considered obsnlete.

2.3.2.4 OTHEKR EXEC AND USER CHANGES -

2.3.2.4.1 PUBLIC MODE - Public mode is not implemented on the 2g8¢0.
All instructions behave as if the machine is in concealed mode.

There is also no supervisor mode. The only exec mode is kernel mode.

2.3.3 EXEC MODE ONLY INSTRUCTIONS

2.3.3.1 NEW EXEC MCDE ONLY INSTRUCTICONS - [[THIS SECTION WILL BE
CCMPLETED IN A FUTURE EDITION]]

2.3.3.2 CHANGED EXEC MODE ONLY INSTRUCTICNS ~ [[THIS SECTION WILL BE
CCMPLETED IN A FUTURE ELITION]]

2.3.3.3 DISCONTINUED EXEC MODE ONLY INSTRUCTIONS - [ [THIS SECTION
WILL BE COMPLETEL IN A FUTURE EDITION]]

2.3.3.4 OTHER EXEC MCDE CONLY CHANGES - [[THIS SECTION WILL BE
COMPLETELD IN A FUTURE EDITION]]
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2.3.3.4.1 OVERFLOW FLAG - In the 2¢8@ the overflow flag comes back

as PC flag bit €. In the KL1¢ last-instruction-public comes back as

PC flag bit ¢.

2.3.4 10 DIFFERENCES

[[THIS SECTION WILL BE COMPLETED IN A FUTURE EDITION]]

2.3.5 ADDRESSING DIFFERENCES

[[THIS SECTION WILL BE COMPLETED IN A FUTURE EDITION]]

2.3.6 INTERRUPT DIFFERENCES

[[THIS SECTION WILL bBE CCMPLETED IN A FUTURE EDITION]]

2.3.7 PAGING DIFFERENCES

Eoth 10PS-1¢ &nd TOPS-20¢0 paging are implemented in one version of the

microcode and selected by bit 21 in WREBR.

2.3.7.1 PAGE FAIL CODES - [[this section will be completed 1in a

future edition]]

2.3.8 ERROR RECOVERY DIFFERENCES

[[this section will be completed in a future edition]]

2.3.9 MISC. CHANGES

[[this section will be completed in a future edition]]
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CHAPTER 3 -

EXEC MODE PROGRAMMING

3.1 INTRODUC1TION

This document describes the operation of the Exec Mode and 1/0
instructions on the KC10. All 1I/0 instructions are ordinary
instructions with the same format as normal instructions (opcnde, AC
and effective address). The opcodes are in the range 706 thru 777.

Any operation code in the range 7¢¢ thru 777, AC nunber, field or bit
not described in this document should be considered reserved to DEC.
The microcode will attempt to generate an illegal instruction trap
whenever a reserved action is attempted.

Opcodes 70¢ thru 737 are for exec mode only (I/0 legal) instructions.
Opcodes 740 thru 777 are for exec and user instructions.

Included in this document is a description of the implementation of
all 4096 sections of virtual address space, the EPT/UPT layout, trap
handling and process context variables. Chapter 4 <contains a
froposal for new instructions for manipulating gueues and physical
menory.

***NOTE***

Items still to be added to this document:

1. Interrupt protocol description.

2. Address break facility description (if any).

3. OSystem timers and accounting facilities.
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OPCCDE Assignment Map

) 1 2 3 4 5 6 7

700 APRY APR1 APR2 ~ PMOVE PMOVEM - -

716 RNGB RNG BW SNBSY - - - ~ -

720 INSQHI INSCGTI REMGHI REMQTI

730 - -

74¢ INSQUE REMQUE - - -

750 - - - - - - - -

760 - -~ - ~ - - - -

770 - - - - - - ~ -

AC Field Assignments

AC 700 701 702

0o APRID - RDSPB

g1 - RDUBR RDCSEB

@2 - CLRPT RDPUR

03 - WRUBR RDCSTM

04 WRA PR WREBR RDTIM

@5 RDAPR RDEBR RDINT

g6 - WRIOP UPDTIM

87 - RDIOP ~

10 - -

11 - SWPIA WRCSE

12 - ' SWFVA WRPUR

13 - SWPUA WRCSTM

14 WRPI SWPPT WRTIM

15 RDP1 - WRINT

16 - - -

17 - - ~

NOTE

New instructions progosed in this

document are still subject to review

and approval by Software Engineering

and the Architecture Committee.
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EXEC MODE PROGRAMMING

3.2 INTERNAL I/O0 INSTRUCTIONS

These instructions control the CFU. They transfer

the outside world and the CPU or memory.

no cdata

9-JUL~-8¢

Page 3-3

between
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APRID

APRID

e —— $mmm—tmtm e +

! 700 ! 0@ 1@! XR ! Y !

pmmm—————— eI T +

This instruction returns the microcode version number, the CPU serial

nuaber, and processor options. This date is stored at F cnd E+1 in

the following format:

E:

L-€ Keserveud for microcode options,

¢-17 Lardware options (These are all zero at present)

18-35 Processor serial number

E+1:

6-35 Microcode version number (in Standard format)
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WRA PR

WRAPR

fommemm——— $mmmmtotmmm e m——— e ————————— +

! 760 ! ¢4 1@! XR ! Y !

fo—mm————— e +

1his immediate mode 1instruction decodes its effective address to

control the processor. The effective a&address bits a&are used as

follows:

19 1/0 reset. When this bit is set all internal devices are

reset. In addition, an input/output init is generated.

20 Enable conditions selected by bits 24 thru 31 to cause

interrupts.

21 Disable interrupts for conditions selected by bits 24
thru 31.

22 Clear flags indicated by bits 24 thru 21.

23 Set flags indicated by bits 24 thru 21.

WARNING

The action of the processor is not defined when

both bits 2 and 21 or 22 and 23 are set in the

same instruction,

24-3¢ To be described

31 Cache sweep done

33-35 PIA
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RDAPR

RDA PR

eT —— iBk St ST

! 700 ! 85 1@! XR ! Y

tmmm—————— tomm—dmtmmm e

This instruction stores the APR status in the word
The status is as follows:

P6-13

13

19

24-31

31

32

33-35

Flags enabled to interrupt (tbd)

Cache sweep done

Cache sweep busy

Flags, cause of interrupt (tbd)

Cache sweep done

Interrupt requested

PIA

addressed

@-JUL-8¢

Page 3-6

by E.
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WKPI

WRPI

tmm——————— se T S e T T e +

! 700 1 14 1@! XR ! Y !

fmmmm————— $mmmmte m—pm——— ———————————— +

This immediate mode instruction decodes 1its effective address to

control priority interrupt system. The effective address bits

are used as fonllows:

18-20

22

23

24

25

29~35

Processor error insertion (tn be defined).

Turn off program requests on selected levels (bits 29-35)

Clear PI system,

Initiate interrupts on selected levels (bits 2¢-35)

Turn on selected levels (kbits 2¢-35)

Turn off selected levels (bits 2¢-35)

WARNING

The action of the Lrocessor is not defined when

both 25 and 26 or 22 and 24 are set in the same

instruction.

Select levels for bits 22, 24, 25, and 26.
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RCPI

RDPI

Fmmm—————— tmm——t- s T T

! 760 ! 15 1€} XR ! Y
tmmmmm——— i r T Fmmmm -

°e-JuL-8p

Page 3-8

This instruction store the PI status in the word addressed by E. The
status is a follows:

11-17

18-20

21-27

28

29-35

Program requests on levels.

To be defined (set by WKPI).

Interrupt in progress on levels.

Pl system on.

Levels on.
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WKUBR

WRUBR

e m—————— eet e ee +

) 701 ! 63 1@! XR ! Y !

e ————— e It S +

This instruction loads user process context with the words at E and

E+1. 1The format of the first word (E) is:

4]

1

2

3

4

18-35

Load AC block numbers

Load PCS

Load UBR

Clear "kept" pages from the hardware page table.

Do not update accounts,

Physical page number of UPT.

The format ot the second word (E+1) is:

6-17

30-32

33-35

Previous Context Section

Current 2C block

Previous AC block

If bit 2 is on perform the following functions:

1t bit 4 in E is ¢, update the user accounts.

Load bits 1€-35 of E into the User Lase KRegister

If bit 3 in E is &, clear only those pages marked "kept" in

the Page Table, else; If bit 2 is 1, clear all entries.
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RDUBKk

RDUBK

e T—— e e e T—— +

! 701 ! 81 !1@! XR ! Y !
tmmmm———— i ki e TP +

This instruction reads back the user process context and returns two
words at E and E+1 in exactly the same format as used by WRUBR. 1In
order to allow these words to be used directly in a WRURR
instruction, bits ¢ thru 2 are set to 1 and bits 3 and 4 are set to @
in E.
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CLRPT

CLRPT

tom - R e et e ittt +

! 7¢1 ! 2 !@! XR ! Y !

o ete e ke +

This imnmediete mode instruction clesrs the hardware page table entry

associated with the EA of this instruction so that the next virtual

reference to the word specified by EA will cause a pager refill trag

to occur,
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WREBR

WREBR

LTT p—— S - i TN +

! 701 ! 94 1@! XR ! Y !
tmmmm————— $mm - e Ly +

This instruction loads the exec mode context from the word at E. The
format of the word is:

6-1 Caclie enable (Loonk and Load).

2 KL1¢0 compatible paging (TOPS-20 see sec 3.5)

3 Extended paging (1TCPS-20 see sec 3.5)

WARNING

The effect of turning on both bits 2 and 3 will
be undefined.

4 Trap and paging enable.

1€-35 Physical page number of EPT.
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RCEBR

RPEBR

pmmm Se T +

! 7¢1 ! 95 t@! XR ! Y !

fmm——————— so T e +

This instruction returns the value given to WREBR and stores it 1in

the word addressed by E.
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WKIOP

WRIOP

b ———— pomm—tmtmm e~ +

! 701 ! g6 !e! XR ! Y !

R fommm e e — +

Tnis immediate mode instruction sets the physical page number of the
1/0 page to be bits 1£-35 of E.
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KRECIOF

RDICP

tmm——————— ee i b

! 7¢€1 ! 87 1@! XR ! Y
tmmmm————— R T T——

This instruction returns the value given to WRICF and
the word addressed by E.

9-JUL-8¢
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stores it in
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SWFEIA

SWPIA

pemmm————— $mmm—totmmmmtmmmmmm—m———m—m—- +

! 7¢1 !11 1! XR ! Y !

tmmm—————— e T et +

Sweep Cache, Invalidate Al1l Pages

Set Sweep Busy and clear the valid and written state in all cache

entries, At the completion of the sweep, clear ESweep Busy and set

Sweep Done, requesting an interrupt on the level assigned to the

Lrocessor,
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SWFEVA

SWFEVA

o m—————— e T +

! 701 ! 12 1@! XR ! Y !

e ————— ee ete +

Sweep Cache, Validate RAll Pages

Set Sweep Busy and write into storage all cache entries that are in
the written state, Clear the written state associated with those

words sent to storage, but do not change the validity of any entries,

At the completion of the sweep, clear Sweep Busy and set Sweep [Cone,

requesting an interrupt on the level assigned to the processor.
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SWPUA

SWPUA

t-——————— R BkSttt Rt +

! 701 ! 13 !1@! XR ! Y !

to———————— N i Sk Bt et +

Sweegp Cache, Unlonad All Pages

Set Sweep Lusy and write into storage all cache entries that are in

the written state. Invalidate all entries (i.e. clear valid and

written state). At the completion of the sweep, clear Sweep Busy and

set SweeL Done, requesting an interrupt on the level assigned to the

processor.,
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SWPPT

SWPPT

pmm—————— $m—m—t—dmmmmpmmmmme e~ +

! 7C1 ! 14 1¢! XR ! Y !

$mmm—————— R otIttt (LT +

Sweep Page Table

Interpret the EA of this instruction as a physiceal address and clear

all the associated entries in the hardware page table that contain a

virtual to physical mapping to this address.

WARNING

This instruction may actually be slower

than doing a WRUEBEK £fnllowed by the

Fager refill cycles caused by clearing

all of the hardware page taeble entries,
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WRS PB

WRS PR

$mmmm———— iBk S (T P +

702 ! 10 !1@! XR ! Y !

e ————— iTk ST SRSyS +

Write SPT Base Register

Load the word at E into the SPT base register.

BASE REGISTER FCRMAT

All base registers are loaded with a

phiysical word address. All high order

bits must be zero. The address need

not be on a page boundary and may be

any place in physical memory. There is

no range check on SPT or CST offsets.

The monitor is assumed to always put

correct data into page tables.

9-JUL-8¢

Page 3-20
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KDS PB

kDS PB

o ———— eT T TtT IR E +

! 762 ! g t@! XR ! Y !

pmm——————— Te T T S +

Read SPT base Register

Store the SPT base register at E.
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WRCSB

WRCSB

fmmm e t————+t

702 ! 11 '@! XR ! Y !

pmm e ———— e T +

Write Core Status Table Ease Register

Load the CST base register with the word at E.

BEASE REGISTER FCRMAT

All base registers are 1loaded with a

physical word address. All high order

bits must be zero. The address need

not be on a page boundary and may be

any place in physical memory. There is

no range check on SPT or CST offsets,

The monitor is assumed to &always put

correct data into page tables.

9-JUL-8¢

Page 3-22
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REOCShE

RDCSB

tmmm—————— ee T B et et +

! 7€2 ! 81 1@! XR ! Y !

pmmm—————— ee T Bet e R +

Read Core Status Table base Register

Store the CST base register at E.
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WKPUR

WRPUR

$emm————— ii St PNS +

! 702 ! 12 1@! XR ! Y !

tmm tm———tmtmme p e +

Write Process Use Register

Load the process use register from E. The process use register

contains the ACER (age register) in the left few bits. The bits

containing the ACER are cleared by anding the CST entry with the CST
mask, then the entire PUR is ored with the CST entry.
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RCPUR

RDPUR

pmmmm————— eS T T TP P

! 762 ! 92 1@! XR ! Y !

pmmmm————— ee T

Read Process Use Register

Store the PUR at E.

9-JuL-80

Page 3-25
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WKCSTM
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WRCSTM

Fmm e ——— sL T S +

l 702 ! 13 1@! XR ! Y

pmmm—————— ee S S et

Write CST Mask Register

Load the CST mask register from E. The CST mask

contain a ¢ for every bit in the ACER and a 1

positions.,

register should

in all other bit
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RDCSTM

RDCSTM

$mm——————- tmm——tmfmmm—mm e m e e +

! 782 ! @3 1@! XR ! Y !

pmm——————— tmmm et — +

Read CST Mask Register

Store the CST mask register at E.
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WKTIM

WKTIM

pmmm—————— TLT T T SR—— +

! 702 ! 14 10! XR ! Y !

pmmmm————— T,S S R +

Write Time Ease

This immediate instruction decodes its effective address to <control

various system time and a&accounting meters. For a complete

exrlanation of the time and accounting meters see sec. 3.7. The

effective address bits are used as fonllows:

1€ Set up accounts (bits 21-23).

21 Enable PI accounting.

22 Enable Kernel mode accounting.

23 Turn on accounting.

24 Turn off time base.

25 Turn on time base.

26 Clear time base.

33-35 PIA for interval timer.

briefly, the time base consists of two counters that count at a 1 ms.

and 10 us. rate. The millisecond counter consists of 1 wnrd in the

EPT at location 512. The 1€ microsecond counter consists of 2 words

in the EPT at locations 51¢ and 511. 1These two counters are driven

from the same source and are updated in parallel by the microcode.
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RDOTIM

RCTIM

temmm——————- T T b T T P

! 7€2 ! 04 1@! XR ! Y

pmm——————— s T

Read Time Base

Read the status of the accounting meters and

interrupt level assigned to the interval

addressed by E. The status is as follows:

21 PI accounting enabled.

22 Kernel mode accounting enabled.

23 Accounting on.

25 Time base on.

33-35 PIA for interval timer.

time

timer

base,

into

o-JuL-8¢

Page 3-2¢€

and

the

the

word
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UPDTIM

UPDTIM

e ——— e +

! 762 ! 06 !'€! XR ! Y !

fmmme ———— $mmmmtmtmmm e— - +

Updete Time Ease

Update the time base count from the hardware counter, and transfer

the result from locations 510, 511 and 512 in the EPT to locations E,
E+1, and E+2. Updating clears the hardware counter.
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WRINT

WRINT

pmm——————— R o Rt Dbt N +

762 ! 15 1@! XR ! Y !

D eRt R StDU —— +

Write Interval Timer

This immediate mode instruction decndes its effective address to

setup the interval timer. The effective address bits are used as

follows:

18 Clear interval timer.

21 Turn intervel timer on.,

22 Clear intervel flags.

24-35 Interval period.
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RDINT

RDINT

pomme ——— Ts T -+

! 7¢2 ! g5 1@! XR ! Y !

pmm——————— S e +

Read The Interval Register

Read the status of the interval timer into the word addressed by E.

The status is as follows:

5-17 Intervel count (current contents of the counter).

21 Interval timer on.

22 Interval timer done (causes interrugt).

23 Overflow (implies bit 22).

24-35 Interval period.

3.3 EXTERNAL I/O

The external I/0 instructions on the KCl¢ allow a program ¢to

communicate with the I/0 ports and the console. 1In particular they

will manipulate the I/0 Command/Response (Cueues and Port Doonrbell

mechanism, See chapter 1€ of the 2€80 EFS for a complete description

of the Cueue and Loorbell features. The interface to the 2080 ports

is primarily datae areas called "mailboxes" and a doorbell. It is the

doorbell mechanism that the following instructions manipulate. The

Commend/Response Queues will be covered by the queue instructions in

the next section,.
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RNGB

KNGB

fom e —— 4mmm—tmdmmet mmmm e ———————— +

¢ 716 ! 00 1@! XR ! Y !

o mmmm——— pmmm—dmtmmm—fmm e m———————————— +

Ring Donorbell

This immediate mode instruction will essert a port or console number

on the TTL bus and set RING ("doorbell"). The EA of this instruction

is the port number and is interpreted as follows:

18 Interrupt 2¢€0 Console

33-35 Port number (Ignored if bit 1& set)



COMPANY CONFIDENTIAL -~ Do not duplicate ¢-JuL-8¢

EXEC MODE PROGRAMMING Page 3-34

RNG BW

RNGBW

. R i et T ST +

! 711 ! 90 1e! XR ! Y !
T iSk et e S +

Ring Doorbell and Wwait

This immediate mode instruction will assert a port or console number
on the TTL bus and set RING ("doorbell"). The EA of this instruction

is the port number and is interpreted as follows:

18 Interrupt 208@ Consnle (does not wait - same function as

RNGB)

33-35 Port number (Ignored if bit 18 set)
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SNbSY

SNESY

P—— s Sy +

! 712 ! g€ 1@! XR ! Y !

pmm——————- R Rt et +

Skip if BUSY not set

This instruction skips to PC+2 if the EUSY line of the TTL busy 1is

not set. When used in combination with the RNGCB instruction, ynu can

achiieve the identical effect of ENGBW as fonllows:

KNGB En ; Assert RING to port "pn"

SNBESY ; bBusy set?

JRET -1 ; Yes, walt.

cee ; No - fproceed

3.4 NEw INSTRUCT1CONS

The following instructinns have been added to aid the meonitor to

manipulate new data structures and to save overhead time and space.
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PHOVE

PMCVE

pmmmm————— e etttST +

H 7¢4 ! AC 10! XR ! Y !

pmmm————— ee T +

Physical Move from Memory

Move the physical memory location addressed by E into the AC. The

effective address is calculated as a 3¢-bit virtual address (i.e.
all indirect words will come from Exec Virtual 2Addresses) but only

bits 11-35 will be used for deta references.

NCTE

Addresses ¢-17 will reference Lphysical

memory ¢-17, not the ACs.
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PMCUVERM

PMOVEM

Fommmm - dmmm bt e}

! 765 ! AC 1@! XR ! Y !

D iks bt Tt PP P +

Physical Move to Memory

bove AC into the physical memory location adcdressed by E. The

effective address 1is calculated as a 3¢-bit virtual address (i.e.

all indirect words will come from Exec Virtual 2Adcdresses) but only

bits 11-35 will be used for data references.
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Queues

A queue 1is a circular, doubly 1linked 1list. A gueue entry is

specified by its address. Each queue entry is linked to the next vie

a pair of words. The first word is the forward 1link (FLINK): it

specifies the location of the succeeding entry. The second word is

the backward 1link (ELINK): it specifies the 1location of the

freceeding entry. The KC1@ implements two types of links: physical

and virtual. A physical link c¢ontains a 25-bit physical address

(EXEC mode only) of the entry that it points to. 2 virtual link

contains a 30-bit virtual address of the entry that it points to. A

queue 1is classified by the type of link it uses.

A ueue is specified by a queue header which is identical tn a rair

of queue 1linkage words. The forward 1link of the header is the

address of the entry termed the head of the queue. The backward link

of the header 1is the address of the entry termed to be the tail of

the qQueue. The forward link of the tail points to the header.

I'wo general operations can be rperformed on queues: insertion of

entries and removal of entries. Generally entries can be inserted or

removed only at the head or tail of & queue. (Under certain

restrictions they can be inserted or removed elsewhere; this is

discussed later.)

The following is an example of queue operations. 2An empty qgueue 1is

specified by its header at address H:

9} 35

T TSROyUMy Sy +

H: ! H !

e——— o —————e +

H+1: ! L !

pmm e ——— ———————————— gy +

If an entry at address B is inserted into an empty queue (at either

the head or tail), the queue is as shown below:

U 3¢t

e LT T

wels 1T :
e T R VPP PSP +

O 35

b: 1Y |

b+1: T--—-----------—--——---; ....... R - T
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Qgueues

If an entry at address 2 is inserted at the head of

MCDE PROGRAMMING

queue 1s show below:

I1:

H+1:

Al

A+l:

ks

BE+1:

Finally,

h+l:

£Hs

A+]l:

it an entry at address C is

appears as follows:

S

%)

A

C

{

E

E

6]

C

A

e

H

E

¢-JuL-8¢

Page 3-30

the queue,

at the tail, the queue
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If wmore than 1 process can perform ofperations nn a Gueue

simultaneously, insertions and removals should only be done at the

head or tail of the queue. If only 1 process (or 1 process at a

time) can perform operation on a queue, insertinns and removals can

be made at other that the head or tail of the cueue. 1In the examgle

above with the queue containing entries A, E, and C, the entry at

address b can be removed giving:

o 35

R e T Tt T P - +

H: ! A !

e T Py USSRy Ry SRy Sy B g S gy g +

H+1: ! C !

e e———— +

4] 35

o e e +

A ! C !

it +

A+]l: ! H !

e e e— e ————— +

¢ 35

R e i e +

C: ! H !

e TyS +

C+1l: ! A !

The reason for the above restriction is that operations at the head

or tail ure always valid because the gueue header is always fpresent;

operations elsewhere in the queue depend on specific entries being

rresent and may become invaelid if another process is simultaneously

performing operations on the queue.

Two instructions are provided form manipunlating virtual queues:

INSCUE and KEMCUE. INSCUE 1inserts an entry specified by an entry

operand (AC) into the queue following the entry specified by the

fredecessor operand (EA). REMQUE remove the entry specified by the

entry orerand (EA). both INSQUE and FKEMCUE are implemented as

non-interruptable instructions.

Four operations can be performed on physicel gueues: 1insert at head,

insert at tail, remove from head, and remove from tail. Furthermore,

these operations are interlocked to allow cooperating processes in &

multiprocessor system (CPU and I/0 ports) to access a shared qgueue

without additional synchronization. A hardware supported interlocked

mechanism is wused to read the <queue header. Eit ¢ of the gueue

header is used as a secondary interlock and is set when the queue is

being accessed. If an interlocked qgueue instruction encounters the

secondary interlock set, the CPU waits until it can access the gueue

(timeout? page fail?).
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INSCUE

INSCUE

e R e +

! 740 ! AC @I XR Y Y !
T —— es st T Tt S +

Insert Entry in Queue

The entry specified by the 3¢-bit virtual address contained in 2AC is
inserted into the queue following the entry specified by E. If the
entry inserted was the first one in the queue (i.e. C(E) = C(E+1)
atter insertion), the instruction does nnt skip; otherwise it skips
to PC+2. The insertion is a non-interruptable oreration. Before
rerforming any rpart of the operstion, the prncessor validetes that
the entire operation can be completed. 1This ensures that if a page
fail trap occurs, the queue is left in a consistent state.

Lecause the insertion is non-interruptable, processes running in
kernel mode can share gueues with interrupt service routines. The
INSCUL and REMCUE instructions are implemented in such & way that
Cooperating Lrocesses in a single [frocessor nay access a cueue
without additional synchronization if the insertinns and remnvels eare
only at the head or tail of the queue.
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REMCUL 
.

REMCUE

prm e ———— $mm——t—dmmm—fmmmm——————m—m——— +

! 741 ! 2AC 1@! XR ! Y !

e ————— pmm—m—dmfmmmmfmmmmm——————————— +

Remove Entry from Queue

The ueue entry specified by E is removed from the qgueue. The 30-~bit

virtual address of the entry removed is placed in 2C. If there was

no entry in the queue (i.e. C(E) = C(E+l1) before removel), the

instruction does not skip; otherwise it skips to PC+2. The removal

is a non-interruptable operation. Eefore performing any part of the

oreration, the processor validates that the entire operation can be

completed. This ensures that if a page f1il trep occurs, the queue

is left in a consistent state.

because the removal is non-interruptable, processes running in kernel

node can share queues with interrupt service routines. The INSCUE

and REMQUE 1instructions are implemented in such a way that

cooperating frocesses in a single processor may access a queue

without additional synchronization if the insertions and removals are

only at the head or tail of the queue.
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INSCHI

INSCHI

pmmmmm——— eo et St T PP +

! 720 ! AC 1@! XR ! Y !
o ——— tommb m e mm e +

Insert Entry into Queue at head, Interlocked

The entry specified by the 25-bit physical address contained in 2C is
inserted into the queue following the header specified by E. If the
entry inserted was the first one in the queue (i.e. C(E) = C(E+1)
after insertion), the instruction does not skip; otherwise it skips
to pC+2. The insertion is & non-interruptable ojperation. The
insertion is interlocked to prevent concurrent interlocked insertion
or removals at the head or taeil of the same qgueue by another process
even in a multiprocessor environment. before performing any part of
the operation, the processor validates that the entire ofperation can
be conmnpleted. This ¢nsures that 1if a pege fail trop occurs, the
gueue 1is left in a consistent state.

because the insertion is non-interruptable, processes running in
kernel mode can share queues with interrupt service routines. The

INSCHI, INS(TI, KEMCHI, and KEMQTI instructions are implemented 1in
such a way that cooperating processes in a multiprocessor msy access
a shared queue without additional synchronization.
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INSCTI

INSQTI

o ———— ee r T T eT +

1 721 ! AC 1@! XR ! Y !

pmmm—————— T TP +

Insert Entry into Queue at tail, Interlocked

The entry specified by the 25-bit physical address contained in AC is

inserted into the queue preceding the header specified by E. If the

entry inserted was the first one in the queue (i.e. C(E) = C(E+1)

after insertion), the instruction does not skip; otherwise it skips

to PC+2. The 1insertion 1is a non-interrugptable operation. The

insertion 1is interlocked to prevent concurrent interlocked insertion

or removals at the head or tail of the same queue by another process

even in a multiprocessor environment. Eefore performing any part of

the operation, the processor validates that the entire operation can

be completed. This ensures that 1if a page fail trap occurs, the

queue 1s left in a consistent state.

Eecause the insertion is non-interruptable, processes running in

kernel mode can share queues with interrupt service routines, The

INSCHI, INSCTI, REMCHI, and KEMCTI instructions ore implemented 1in

such a way that cooperating processes in a multiprocessor may access

a shared queue without additional synchronization.
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REMChI

REMCHI

fmmemm———— eT T eT —— +

! 722 ! AC !@! XR ! Y !

A e Ty I Oy +

Remove bkntry from Queue at head, Interlocked

The queue entry following the header specified E is removed from the

yueue . The 25-bit physical address of the entry removed is place in

AC, If there was no entry in the queue (i.e. C(E) = C(E+l) before

removal), the instruction does not skip; otherwise it skips tn PC+2.

The removal 1is & non-interruptable operation. The removal 1is

interlocked to |prevent concurrent interlocked insertion or removeals

at the head or tail of the same queue by another process even in a

nultiprocessor environment. Eefore rperforming any part of the

operation, the processor validates that the entire operation can be

completed. This ensures that if a rage fail trar occurs, the aueue

is left in & consistent state.

tecause the removal is non-interruptable, processes running in kernel

mode can share queues with interrupt service routines, The INSCHI,

INSCTI, KREM(CHI, and KEMQTI instructions are implemented in such a way

that cooperating fprocesses in a multiprocessor may access & shared

yueue without additional synchronizetion.



COMPANY CONFIDENTIAL -- Do not duplicete 9-JUL-8¢

EXEC MCODE PROGRAMMING Page 3-46

REM(CTI

REMCTI

pmmmmm——— pmmmmpet mmm o m e ———————-— +

! 723 ! AC 1@! XR ! Y !

pmm e ————— se T eT T T +

Remove Entry from Queue at Tail, Interlocked

The queue entry preceding the header specified E is removed from the

ueue. The 25-bit physical address of the entry removed is place in

AC. 1f there was no entry in the queue (i.e. C(E) = C(E+1l) before

removal), the instruction does not skip; otherwise it skips to PC+2.

The removal 1is &a non-interruptable ofperation. The removel 1is

interlocked to prevent concurrent interlocked insertion or removals

at the head or tail of the same queue by another process even 1in a

multiprocessor environment. Before performing any part of the

operation, the processor validates that the entire operation can be

completed. This ensures that if a page fail trap occurs, the qgueue

is left in a consistent state.

Eecause the removal is non-interruptable, processes running in kernel

mode can share queues with interrupt service routines. The INSCHI,

INSCTI, REMCHI, and REMQTI instructions are implemented in such a way

that cooperating processes in a multiprocessor may access a shared

queue without additional synchronization.

3.5 VIRTUAL ADDRESSING

This section has been extracted from a memo titled "4¢95 Sections" by

Len Eosack dated 12-0Oct-78.
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VIRTUAL ADDRESSING

3.5.1 Introduction

The KL processor implemented 32 sections of virtual address and has a
pager data structure that can accommodate at most 32 sections. The

KCl¢ will implement all 4096 sections of wvirtual address space

forcing a change of the jpager data structure to accommodate 4(196

section pointers. In addition there will be & "KL1#" compatible

paging mode thet will implement only 32 sections (see WREBR

description).

Tne following paging description is only wvalid when TOPS-2¢ style
Laging 1s enabled:

3.5.1.1 Pager lLata Structure - An address would be converted to a
rhysical page number (PPN) &s follows, (KL10 compatibility off):

VMAG:8> is used to index into & "Super" Section Table (SST) 1in the

LEPT/UPT. One of 2 pointer types can onccur here: No Access, or

Shared (see below). The Shared Pointer (SPT) index yields the PPN of

a Section 1lable page (ST). VMAC:17> is used to index into the

Section Table to obtain a section pointer., 2ddress translation then

proceeds as on the KL18 after the sectinn pointer fetch. (See

DECsysteml®/26 Processor Reference Manual, EK-10/2€-HR for a complete

description).

3.5.1.2 Super Stection Pointers - The following pointer types will

only be wvalid in the tuper Section Table in the EPT/UPT locations

520-527. All other pointers will be interpreted as in the KLI1,
including section pointers found in Section Tables.

No Access:

e e, —, e — e e, e ————————————————— +

P CEp !

e e m e e e e e e e = - ———— +

Shared:

b ————————— —— e — e m, e, ————————————— ii i iy +

! g2 ! ! SPT Index !
SS &
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PRCCESS CCNTEX'T VAKIAELES

3.0 FROCLSS CCNTEXT VARIABLES

3.6.1 Introcuction

Tuls section contains a proposal for handling fprocess context

variables wusing &an expancded PC flags word. The source for this

froposal was a memo by Dan Murghy dated 15-Feb-77. Further

discussion on a fprocess context switch instruction is still needed.

I hope that this section will stimulate some suggestions along these

lines.

3.6.1.1 New FC Double Wword - The formet of the flags word will be:

etRSP Uy My S Uy U S +

! FLACS ! ILEN !CAE!PAE ! PCS !
! (13) Po1(3) 1(3)1(3) ! (12) !

SI U U U +

l. In order to facilitate backing up & stored PC to the

begyinning of an instruction that ceused a trap, a new field

(LEN) has been aaded that will contain the number of words

in an instruction =~ 1., This will be compatible with all

existing software since this field is normally zero.

2. 1n kernel mode, or when stored on a page fail or MUUQC, all

of the above fields will be stnred as defined. 1In kernel

mode, an XJRSTF will restore all fields.

3. In user mode, FCS, PAB, and CAE will always be stored as (.

An XJRSTF in user mode will treat these fields as it dnes

the user mode and user 1/0 fleg now (i.e. ignore them).

3.6.1.2 Context Changing - Returning to a previous context may be

auone with an XJRSTF with restores the context variables stored in the

rreviously saved PC word.

Entering a new context will be done as fonllows: 211 of the "previonus

context" wvariables will be set to their correspnnding values in the

"current context", and the remeinder will be set to pre-defined

values taken from the new PC flag word. The following operatinns are

defined as entering a new context:

l. Monitor call (MUUO).

2. Page fail trap.
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PROCESS CONTEXT VARIAELES

3. Priority interrupt initiation.

Each of these operations will store a PC double-word containing the
"current context" variables and then load a new PC double-word to set
new values for those variables not set automaticelly. See next
section for a description of the changes necessary to the EPT/UPT to
implement this proposal.,

3.7 TRAF HANDLING

3.7.1 Introduction

The current implementation of Overflow Trag handling while Gquite
general, has some problems relating to extended addressing. A new
method of transferring control to "sections" other than the current
PC section is proposed in the following section. This propnsal
limits the number of possible actions that can be taken on & trap
Compared to what the KI1L and KL10 now offer. I do not think
however, that any existing software will be severly compromised. It
may be necessary for T0PS10 to modify its existing bonitor Call
associated with this feature.
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TRAP HANDLING

3.7.2 171rap Function word

Instead of an instruction in EPT/UPT locations 421-423, there will be
a tunction word:

fmmm e —— e, —————————————————————— +

'EN! AC 1 Virtual Address !

e +

The format of this word is interpreted es follows:

-1 Fanction code:

g - Do nothing on overflow (ignore).

¢l - Do MUUCU (use trap MUUO new PC word).

16 -~ Transfer control tn kernel/user (simulete LUUOQO).

11 - Transfer contrnl to kernel/user (simulate PUSHJ).

2-5 AC - used to address push-down list register for function
code 3 (PUSHJ), Ignored for condes (-2

6-35 virtual Address:

Function 2 - pointer tn 4-word block in current context

(kernel/user) to be used to store instruction and

effective address and fpickup & new PC as in LUUO

trapping.

Function 3 - routine address in current context

(kernel/user) that will be invoked in PUSHJ simulation.

Format of 4-word trap block:

! FLAGS ! ILEN ! CPCODE 1 AC L ar !
| o v v e - ——— - ———————— — — - — - o ——_— - —— - — |

'ope ) PC !

Te e e TS !

Pooee d E !
e e e et e, e r— ——,———, e ————— |

N TV NEW PC !

3.8 SPECIAL SYSTEM PAGCES (EPT / UPT / IOP)

The following EPT/UPT 1layouts are ¢rroposed for the KCI10. In
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adaition, there is a new page called the 1,0 page (IOP) that is used
by the 2086 ports and the console for communication with the CPpPU.

Upon processor reset, the base address of the EPT and UPT will be ¢.
The base address of the IOP will reset to 1¢0@(8).

NOTE

All areas that Ciffer from the KL1¢ are
narked with an asterisk (¥*).
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SPECIAL SYSTkEM PAGES (EPT / UPT / ICGP)

Exec Page Table

* ¥y-177 Reserved

200-377 1T0PS-1¢ paging (Kernel 40€-777).

400~-420 Reserved.

421 Kernel Arithmetic Cverflow trap function,.

422 Kernel Push-down List Overflow trap function.

423 Kernel Trap Type 3 trap function.

424-597 Reserved.

51¢~-511 Time base 2 (10 usec timer).

* 512 Time base 1 (Millisecond timer).

513-517 Reserved.

* 520-527 "Super" section table (TOPS-2f paging).

530-537 Reserved.

540-577 KL10 Compatible Paging (TOPS-2()

600~-757 TOFPS~-10 paging (Kernel 0-337).

T760-<777 keserved.
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SFECIAL SYSTEM PAGES (EPT / UPT / 1IOP)

*
 
%
 
*
 
»
 

*
 
%
 
*
 
%

*
 
%
 
%
 

*
»
 
¥

*

¥-377

460-417

420

421

422

423

424

425

426

427

43¢-431

432-433

436-431

432-433

44¢

441

442

443-444

445-446

447-503

564-505

5¢6-5¢7

510-517

526-527

530-537

540~577

600-777

User Page fTable

1T0PS~1@ paging (User 0-777).

TOPS~10 paging (Kernel 34¢-377).

Address of LUUO block (TOPS-20).

User Arithmetic Cverflow trap function.

User Push-down List Overflow trap function.

User Trap Type 3 trap function,

MUUC old PC flags.

MUUG old PC.

MUUC Opcode and AC,

MUUO Effective Address.

Kernel no-trap MUUO new PC double word.
Kernel trap MUUO new PC double word.

User no-trap MUUC new PC double wonrd.
User trap MUUC new PC double word.

fail code,

identifier (TOPS-28 paging).
fail virtual address.

fail old PC double word.
fail new PC double word.

Page

Page

Page

Page

Page

Keserved.

User runtime (1€ usec clock).

User accounting meter ("chargons").,

Reserved.

"Super" section table (TOPS-2¢ paging).

Reserved

KL16 Compatible Paging (TOPS-2¢)

Reserved.,

°-JuL-~8¢

Page 3-53
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SPECIAL SYSTEM PAGES (EPT / UPT / IOP)

100

1€1

162

103

164-107

116-157

16¢-377

4¢0-777

1/0 Page

Port Register Access Blocks (8)

Port Interrupt Logout Word

APR Interrupt Vector

Console Interrupt Vector

Interval Timer Interrupt Vector

Reserved

Port Interrupt Vectors (4 per port)

Reserved

Consnle Communications Region

©-JuL-80

Page 3-54
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CHAPTER 4

INSTRUCTION EXECUTION

| 4.1 EXECUTION UNITS PARTITIONING N
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EXECUTION UNITS PARTITIONING

4.1.1 Overall

The 2089, in its maximum configuration, contains 3 units which are
directly involved with the execution of instructions: IBCX, EEOX,

and FPA. The IBOX fetches streams of instructions, performs

effective address calculations, and fetches the memory operand, <or

operands>, necessary for the instructions it determines may be

required by the EbCX. The EBOX accepts AC addresses, an instruction

code, a memory operand <or operands>, and paging or error information

pertaining to memory addresses of each instructinon, as each is called

up for execution by the “"last cycle" micro-order. It then rperforms

the operation indicated by the instruction code. The FPA provides a

speedup of multiply, divide, and instruction requiring two memory

fetches, and as such 1is a logical <and optional> extension of the

IBOX and EBOX.

4.1.2 1IDR TROX

IDR <IBOX Datapath Right> contains bits 18-35 of the IBCX memory

address path, operand data path and program counter logic. Operand

memory address conflict detection is present on bits 18-35 of the VM2

<virtual Memory Address>. Instruction memory address conflict

detection of VMA 18-34 is also located on this module.

IDL <IbOX Datapath Left> contains bits 6-17 of the IBCX memory

address path and program counter logic, and bits £€-17 of the operand

data path logic.

4.1.4 1AG T.(50X

TAG contains control logic for IDR and IDL, along with instruction

code and AC address buffers. The 112G is a 4 bit value representing

the effective address of an instruction which has been assigned to

the IBOX by IPUT <IBOX Micro-Code>. The TAGC is used ton address 16

word register files into which will be placed information pertinent

to the instruction, such as instruction code, global bit, AC address,

effective address calculation, memory operand, jump target address,

etc, IPUT accepts priority trap requests from EECX control and IBCX

state logic, and thereupon directs address and operand peth flow and

TAG assignments.
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4.1.5 MVK [ooX

MVR contains bits 9-17 and 27-35 of the fast execution path of the
EBCX. It executes binary adds and subtracts, decimal adds and
subtracts, Eoolean functions, hal fword operations, and mask and test
orerations, A duplicate copy of all AC sets and temporary registers
<referred to as the master AC backup> is located on this module.

4.1.6 MVL

MVL is physically identical to MVR, and performs the same function as
MVR with logical bits ¢-8 and 18-26 of the fast execution rath of the
EBOX.

4.1.7 ESE € &oy

ESE contains EBECX microcode RAMS which control instruction execution
during the first <lst 22ns perind after which nperands become
available> and subsequent cycles. First cycle control comes from
fast 256X4 RAMS, which setup EBCX control fields directly from lonokup
tables addressed by the instruction code. Second cycle conntrol comes
from /STow 4KX1 RAMS) which are also addressed by the instruction code.
Third—and] subsequent cycle control comes from the same slow 4KX1 RAMS
addressed| by the next address rath.

o,

CRA contains slow 4KX1 RAMS which control sectinns of the EECX during
the 2nd and subsequent cycles of execution. During the first cycle
some control fields default to specific options which allow data fgath
gating via forwarding controls. Next address control, APFR flags, and
some of the PC flags are also located »n this modtule.,

4.1.9 SHR Egoy

SHR contains bits 1€-35 of the shifter <which performs a 72 input, 36
output left shift>, bits 18-35 of twn REGFILES and twn copies of the
current AC set <one normally addressed by bits 22-35 of the effective
address calculation, the other normally addressed by the AC field of
the instruction>, and bits 18-35 of the master AC set, a RAM file
containing 8 AC sets plus 128 temporary registers,
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4.1.16 SHL €e&oX

SHL contains bits £-17 of the shifter, register files, AC copies, and

master AC set, and is physically identical to SHR.

4.1.11 sca EGOX

SCA contains a 13 bit shift control path with addition and

subtraction capability. Alsn 1located on this module are an

accounting meter, interval times, 1MS/10US clock, fpipeline stoppring

controls, PC flags associated with shift and floating point

operations, and FRU code generation. The FRU code, generated as a

result of an EBUX, IBCX, or FPA error, points to the 1lst and 2nd most

probable modules causing the failure.

4.1.12 FPI

EPI <Floating Point Interface> is the interface between the EBOX,

IECX and the floating point array modules. It conteins CP3L and

OP3R, which are 16 word register files addressed and 1onaded by the

IBOX. OP3L 1is a duplicate of the operand buffer in the IBCX <OP3L

contains words fetched from address E>. CP3R, for doublewnrd

instructions, contains words fetched from address E+1. OP3R, for

byte instructions, contains words addressed by the byte pointer or

incremented byte pointer. Alsn 1located on this mocdule is a smell

control storage which sequences the FPA, data paths which procduce én

18 bit multiplier from OP3L and COP3R, a reciprocal 1lookup for divide

instructions <so thet the nultiply array may &lso be wused for

divide>, and a priority encode for post normalization shift

determination.

y\wf [
4.1.13 FPA

FPA generates an 18 bit hi-order sgpillover/ from an 18X72 bit

multiply. It is physically identical to GFB-FPE) FRecocde multipliers

and wWallace tree adders are used to develop 7a jpartial product 1in

22ns, with a binary ALU to achieve full product in another 22ns, 18

bit sections of the multiplier are gated into the array in pipeline

fashion a&at a 22ns rate. The array is therefore capable of retiring

18 bits per 22ns. Mmodulo 3 base numbers are generated from both the

multiplier and the multiplicand, and a ©parallel multigply occurs

against these numbers. The results are compared to the mndulo 3

generation off the full product to check for a multiply array error

<called residue check>. Each array card is separately checked for

fault isolation.
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4.1.14 FPB

FPb contains bits €-17 of the 18X72 array, in addition to bits g-=17
of the AC addressed by the AC field.

4.1.15 FPC

EPC contains bits 18-35 of the 18X72 array, in addition to bits 18-35
of the AC addressed by the AC field.

4.1.16 EFPD

FPD contains bits 36-53 of the 18X72 array, in addition to the
hi-order 18 bits of the AC addressed by the AC field +1.

4.1.17 FPE

FPE contains bits 54-71 of the 18X72 array, in addition to the
lo-order 18 bits of the AC addressed by the AC field +1.

4.2 EXECUTION UNITS COMMON CCNTROL

4.2.1 General

The functional logic of the 2¢80 execution units interfaces to, and
is supported by certain common controls which maintain a consistent
convention through all modules. 1These are the diagnostic interface,
error control logic, microcode control word, and system clocks.

. . /—\
4.2.2 Diaynostic Interface(:)

The diagnostic interface is the vehicle through which the console A>
kresets execution unit registers to desired states, B> forces control
decodes to manipulate the data paths, C> gains visibility inteo the
data and control paths, and L[> loads control storage areas. The
180141 shift register is used to achieve all of these. It provides
the ability to locate the scan in/scan out mechanism as a functional
part of the data path. All 100141 shift registers used in this
manner and strung together <one's shift output connected tn the
other's shift input> are considered to be part of the active scan
path. Other 100141 shift registers, not part of functional logic,
are used for presetting signals to desired states, and scanning data
Fath and control states independently of E unit oreratinn. These are
linked together as the passive data path.
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MSb LSk MSB LSB MSB LSB MSE LSB

te—————— + tm————— + te————— + o ——— +

+--->1 DSK }---->1! DSK {~=>+ +->! DSRK !---->! DSR 1-->+

! e + $m—————— + | R S udntade -+ te—————— + !

! " TMMCDULE A + + MCDULE E !

! ! I !

! data path +--+ !

mMSB LSBE ! !

itDt + ! !

e >! DIACNCSTIC SHIFT REG !====-—==>+ !

! tmmm -- - + !

! - !

! !t !

! CONSOLE DATA PATH !

! LOAC/REAL !

i {emmmmmm e +

4.2.3 Active Scan Paths

The 2080 CPU contains three active scan paths. Each 1s sourced at
the consnle and consists of shift registers which, under normal
operation <not clocks stopped due to error or console control>

perform a parallel load when their corresponding system clocks occur,

wWwhen the system clocks have been blocked by error freeze or a clock
control stop, the «console may perform one of two operations; 2> &

parallel load via its own clock, E> ¢ shift (nermally hi-order to

lo-orccer) of 1. The three e&ctive <can 1lenps encompess the
free-running menory access logic in the MECX, IECX, and IOBCX, error

stoprable 1logic in the IBOX and LBBCX, and error-stoppable logic in

the EFFA.

4.2.4 Passive Scan Fath

The @86 CPU contains two passive scean loops., Cne passive scan 1loog

is dedicated to the CLK CONTROL module, while the other encompasses

all other 2080 CPU passive controls and readouts. 2 command ENAELE

froim the console will be used to gate thocse bits which are used as

presets or KAM write-enables once the desired section of a passive
loop has been loaded.
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4.2.5 Scan kead And Load

A 16 bit shift register in the console completes the scan Fath loog.
The register is loaded at the consnle through a 16 bit mask, thus
bermitting individual bits to be loaded without altering the masked
bits. The error-stoppable EBCX/IBCX 1loop is estimated to be 124¢
bits in length. This means that, in order to shift the contents out
of positions 1232 to 1247 and into the console shift reg at bits
L-15, a diag shift control must be asserted for this loop, followed
by 16 diay clocks to all shift registers in this loop. Conversely,
in order to shift the console shift reg contents back to positions
1232-1247, the diag shift control must be asserted, followed by 1232
aiag clocks.

4.2.6 LError Control Logic é;)

Error control logic for 2g8¢ is designed in such & way as to support
3 RAMP goals; a) detection and recording of intermittent as well as
solid failures, b) hardware recovery from a high percentage of CPU
errors, c) fault 1isolation <to a module> of a high percentage of
errors prior to running of diagnostics and, in the case of
intermittents, without taking the system down. 20 to 25 % of 2¢8p
logic is devoted to the implementation of these features.

4.2.6.1 EKKOR DETECTION AND RECORDING - Odd parity is generated for
every bus greater than 4 bits wide. A high emphasis is placed in
three areas:

l. Fault isolation by module

2. Console access to internal data paths

3. 'Catching' intermittent errors as close as possible to the
point of failure,

36 kit data paths develop 1 rperity bLit for every ¢ deta bits.
Microcode storage areas contain 1 parity bit per word except in the
case of EbCX control storage, which contains 2 parity bits for module
fault isolation. The main ALU is compared to a duplicate of itself
every cycle. Parity generation occurs at the output of boolean, ALU,
and shift functions; parity checking occurs at the input of boolean,
ALU, &nd shift functions. Parity is modified and propagated with 1
and 2 bit shifts. & modulo 3 residue checking system is employed for
verification of all FPA multiply and divide results.

The scan-in, scan-out mechanism described in section 3.1 1is the
method by which console may assert contrnl or data path signals, and
read out a high percentage of the data path. 10C141 shift registers
constitute approximately 12% of 2080 execution unit 1ngic.
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Diagnostic control has reserved to it a section of the microcode

control storage, thus allowing it to route, via set up of next

address to read a microword with desired control decodes, virtually

all registers <if not already a 141> through mux paths and into 141s

for scanning. This includes access to 16 word register files and RAM

arrays.

Strategic registers are frozen if an error is detected at their
output. This approach helps in locating the source of an error

likely to be propagated through the system or lost, by the time the

IBOX, EBCX, and FPA module clocks can be stopped.

4.2.6.2 HARDWARE RECCVERY - When an error has been detected, an

error latch is set at the module level. The error conditinn may then

block the next clock to the failing register. The error signel |is

also sent to the SCA module where it is funneled into the error stog

latch, which will then stop the next «clock ¢, 1 , 2, and 3 1in

succession. A 2 bit code is loaded into the FRU reg which icdentifies

to the console the status of the IBOX SEL I tag, a 4 bit wvalue

pointing to the next instruction to be executed. The code is used by

the consonle to determine the number of PC instructions to step back

in preparation for a retry of the failing instruction stream. The

console may also elect to arm the EECX AUTC RETRY latch, which will

torce a microcode trap on an error stop condition. A restart routine

will branch on the value of the restart code tn &8 micrownrd

containing the @appropriate command to the IBCX. The KETRY CODE is

defined as follows:

RETRY CCDE KECCVERY

¢ restart from PC BUFFER addressed by SEL I-1

1 restart from PC EUFFER addressed by SEL I-2

2 restart from PC EUFFER addressed by SEL 1I-2

3 restart from PC EUFFER addressed by SEL T-3

THE FRU REG

e ke T TP e- e ——————— e +

! FRU1 ! FRU? ! RETRY ! SPARE !

! ! ! CCDE ! !

e m e- et ettt e ———— o ——— +

G-5 5~-11 12-13 14-15

successful retrys appear to be possible for nearly all instructions
with only 1 result to be stored. However in instructinns with

multi-word results which overley previous operands, successful retry

is not probable.
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4.2.6.3 FAULT ISOLATICN - For each error stop, the FRU REC is lnaded
at the SCA module. The FRU REG is 16 bits in length and identifies
to the console the 1st and 2nd most probable failing modules, and
whether a failing module containing reloadable storage reguires &
transfer from backup storage. The errors are prioritized so that the
source of the error will be identified, rather than the path which
merely propagated or received erroneous data. Since the errors are
frozen dynamically, and fed through a Lriority encode to generate the
FRU CCDE, an accurate method of trouble-shooting one error at & time
is achieved, A 6 bit code, labeled FRUl, identifies the monst
lLrobable failing module. Another 6 bit code, FRU2, identifies the
2nd most probable failing module < if no FRU detected, the code is
set to all ones>. The high order bit off in the code indicates that
reloadable storage has possibly failed in one of the fnllnowing areas:

IDL,IDR AC set i

IPUT microcode

ESE microcode

CRA microcode i,
ShF, SHL AC sets A

SHF, SHL MAC set l
FPE~E AC sets j;fl \yyk

FPI divide lookup

FPI microcode N
Each of these areas has a backup. 1In theccaseg of an AC set error,
console will rewrite the 16 word set from the MAC backup. In the
case of a microcode or divide lookup error, the diagnostic 1nad
address reqg for that storage contains the feiling address; therefore
console may reload that word with data from it's own microstorage
backup. In the case of a MAC error, the hi order 4 bits of the write
address are held at the MAC backup on MVL and MVR, end will be wused
by the console to reload the failing 16 word set from MAC backug.
Eelow is a list of errors versus FRU codes<@=highest priority>.

ERROR FRU1 FRU2 N

I MICROCODE ERROR B TAG g0 A&ffiilp/
ESE MICROCODE ERROR 1 ESE 4 o "V
CRA MICROCODE ERROR 2 CRA Ugfiaklvflh N
DIVIDE LOOKUP ERROR 3 FFI Vwflt' W% 7
I AC ERROR BYTE 2-3 4 IDR . -
I AC EKROK EYTE @-1 5 IDL 4%fi 1 3
R REG OK AC ERROR 6 SHR S G
L REG OR AC ERKOR 7 SHL D
R MAC OR Z ERKOR 1¢ SHR

L MAC OR Z ERROR 11 SHL

FPE AC EKROR 14 FPE

EPD AC LKROR 15 FPD

FEC AC ERROR 16 FPC

EPB AC EKROR 17 FPB

M DATA RIGHT 4G MDR

M DATA LEF1 41 MLL

OF ERROR BYTE2-3 42 1DR

CP EKKOR bYTE ¢-1 43 1IDL
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ERKOR FRU1 FRUZ2

I ACDR ERR bY¥YTLE 2-3 44 1DR

I APDR ERK BYTE (-1 45 1IDL

M TAG EKROR 46 MCC

I TAG EKKOK 47 TAC

MVK OUTPUT ERKOR 5¢ MVR

MVL OUTPUT ERROK 51 MVL

MVR ALU ERRCR 52 MVR

MVL ALU EKROCR 53 MVL

SCALC OUTPUT ERKOR 54 SCA

MVR INPUT ERROR 55 MVR

MVL INEUT ERRCR 56 MVL

SCA INPUT ERKOR 57 SCA

FPI OP BYTE 2-3 ERROR 60 FPI 42 IDR

FPI OP BYTE £-1 ERKOR 61 FPI 43 IDL

FPE RESIDUE CHECK 62 FPE

EPD RESIDUE CHECK 63 FPD

F PC RESIDUE CHECK 64 FPC

FPB RESIDUE CHECK 55 FPB

FPA RESIDUE CHECK 66 FPA

4.2.7 Wwicrocode Control Specification<:>

The 2080 EBGCX control storage is comprised of 4.5K words of 1¢2 bits

each. A wide word permits coding flexibility without extending

control storage depth. The fields are defined as follows:
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CRA MODULE

BITS NAME TIMING
p-11 NEXT ALCDRESS EARLY

12-17 NA SWITCH EARLY

18 CALL INTERMEDIATE
16-21 X INTERMEDIATE
22-23 Y INTERMEDIATE
24 SPARE

25-27 L INTERMELCIATE
28 L EARLY EARLY
29-3¢ J INTERMEDIATE
31-33 K INTERMELIATE

34 SC ALU INTERMECIATE
37-3¢ SP FUNCTION (LC 2 BITS) INTERMELCIATE
39 PARITY @-34,37-47 INTERMEDIA1E
40 MC LATE

41 RE LATE
42~-44 SC LATE
45-46 FE LATE

47 T LATE

MODULE

BITS NAME TIMINGC

35-36 SP FUNCTION (HI 2 EITS) INTERMECIATE
48-49 X1 LATE
50-51 Yl LATE
52-55 ALU EARLY
56-58 CARRY EARLY
59 OPl/WK REG FILE EARLY
60-63 SwW/ X REC RLD INTERMEDIATE
64-67 R/ Y REG RL INTERMECIATE
686-69 CCMFP INTERMECIATE
76 LAST CYCLE INTERMELCIATE
71-73 STCRE CCNTROL INTERMFCIATE
74-77 FLAC CCNTRGL INTERMELCIATE
7€ PARITY 35-36,48-1¢1 INTERMFLCIATE
79 L LATE
8ub-83 AC/ KEC WE CTKL LATE
84-1v1l NUMEER FIELD €~-17 LATE
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{.2.7.1 Next Address Field <Bits ¢-11> - In any given instruction,

the first cycle control word comes from fast 256X4 RAMS addressed by

tlhe instruction code, the second cycle control word <K22ns later>

comes from 4KX1 RAMS also &addressed by the instruction code, and

third and subsequent control words come at 44ns intervels from the

same 4KX1 KAMS addressed by the next address path. If contronl bits

12-17 are not ¢, the hi-order next address is determined by hi-order

next address field bits, and the next address lon-order is determined

by the inclusive or of lo-order next address field bits and the

selected skip or dispatch bits.

4.2.7.2 THE NA SWITCH <BITS 12-17> - The NA SWITCH field determines

the source of the NEXT ACCRESS path.

decode function

9] NA FIELD @2-11 to NA BUS ¢-11

1 NA FIELD @0-1¢ to NA BUS ¢-1€¢, INT RFQ inclusive

or with NA FIELD 11 to NA BUS 11

2 NA FIELD ¢-10 to NA BUS (-1¢, instr AC ALCDR not={

inclusive or with NA FIELD 11 to NA BUS 11

3 NA FIELD £-190 to NA BUS ¢-10, X REGC bit @ inclusive

or with NA FIELD 11 to NA RUS 11

4 NA FIELLDC ©-10 to NA BUS ¢-1€, X REG bit 182 inclusive

or with NA FIELD 11 to NA BUS 11

5 NA FIELD ¢-10 to NA BUS ¢-1¢, SCAD ALU bit ¢

inclusive or with NA FIELD 11 to NA BUS 11

6 NA FIELD €-10 to NA BUS ¢-1¢, SC REC bit ¢

| inclusive or with NA FIELD 11 to NA BUS 11

§) 7 NA FIELD C-10 to NA BUS ¢ to 10, F BUS € inclusive or

with NA FIELD 11 to NA BUS 11 (from ALU operation of

the 1st half of the current microcycle if L EARLY,

from ALU operation of the 2nd half of the previnus

microcycle if not L EARLY)
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l¢

12

13

14

15

16

17

24U

21

22-57

6¢

61

62

63

64

NA FIELD ©0-1¢ to NA BUS €-1¢, ALU €-35 not=(

inclusive or with NA FIELD 11 to N2 BUS 11 (same timing

as deconde 7)

NA FIELD ~10 to NA BUS €-1(, ALU (=17 not=0

inclusive or with NA FIELD 11 to NA BUS 11 (same timing

as decode 7)

NA FIELD €-10 to NA BUS p-10, ALU 1€-35 not=¢

inclusive or with NA FIELD 11 to NA EUS 11 (same timing

as cecode 7)

NA FIELD €-1€ to NA BUS ¢-1¢, PC section § not=g

inclusive or with NA FIELD 11 to NA EUS 11

NA FIELD ©0-1¢ to NA BUS (-1¢, USER MCDE bit inclusive

or with NA FIELLD 11 to NA BUS 11

NA FIELD C-10 to NA BUS (-1¢, CARRY CUT of ALU

inclusive or with NA FIELD 11 to NA BUS 11 (same timing

as decode 7)

NA FIELD ©€-10 to NA BUS -1, SC REC not=0>

inclusive or with NA FIELD 11 to NA BUS 11

NA FIELD 6-10 to NA BUS ¢-1f, SCAD ALU not=#

inclusive or with NA FIELD 11 to NA BUS 11

NA FIELD €-1¢ to NA BUS ¢-1€, SC REC bit 1

inclusive or with NA FIELD 11 to NA EBUS 11

NA FIELD €-1C to NA BUS ¢-1€, OF2=AC anded with

EACALC global inclusive or with NA FIELD 11 tno

NA BUS 11

spare

NA FIELD ¢-7 to NA EUS @-7, Instr 2C addr inclusive

or with NA FIELLC 8-11 to NA BUS 8-11

NCRMALIZE: NA FIELLC ¢~7 to NA EUS €¢-7, F BUS @,8,

9,-1 inclusive or with NA FIELC €-11 to NA BUS &-11

(same timing as decode 7)

ENCRMALIZE: NA FIELD (-7 to NA RBRUS ¢-7, F BUS 1,

11, 12, -1 inclusive nr with NA FIELD £-11 to NA

BUS 8~11 <same timing as decode 7>

DIVIDE: NA FIELD £-8 to NA BUS (-8, SC REC bit [,

X REG bit @, CARRY CUT of ALU inclusive or with NA

FIELD ©2-11 to NA EUS 9-11 (same timing as decode 7)

RETURN: AL STACK ¢-11 inclusive or with NA FIELD ¢£-11

to NA BUS. The AD STACK is a 16 word LIFC <last in,first

out> file containing NA BUS values stored under the

CALL microorder.
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65 MUL: NA FIELD ©£-8 to NA EUS ¢-8, SC FEC ¢, MO REG
34 and 35 inclusive or with NA FIELD 9-11 to NA BUS
9-11

66 BYTE: NA FIELD 0-8 to NA EUS ¢-8, F BUS 12 anded
with PC sect not=g, SCAD ALU bit ¢, FIRST FPART DONE
flag inclusive or with NA FIELD 9-11 to NA EUS ©-11

67 ALU SIGN: NA FIELLC -9 to NA BUS -2, Y KEG ¢,

ALU not=0 inclusive or with NA FIELD 10-11 to
NA bUS 19-11

7¢ SIGNS: NA FIELD ¢-9 to NA BUS £-9, X REC ¢, Y REGC ¢
inclusive or with NA FIELD 1#-11 to NA BUS 1¢-11

71 RETRY: NA FIELD €-¢ to NA BUS ¢-9, RETRY CODE <FRU
REG 12-13> inclusive or with NA FIELD 1¢-11 to

NA BUS 1€8-11

72-77 <TO BE SUPPLIED>

4.2.7.3 CALL <EIT 18> - The CALL microorder will cause the address
dispatch stack to be loaded with the value of the previous NA BUS.
The AD STACK is a 16 word LIFO register file, and may be read by the
RETURN microorder,

4.2.7.4 X FIELD <LITS 1Y9-21> - The X field controls inputs into the
X bUS wvia the X MUX at the SHL and SHR modules. The field decndes
are as follows:

deconde ' function -
7] X AC £-35 to X BUS ¢-35, X AC bit € to X BUS

-2 and -1 -

1 XREG FILE ¢-35 to X BUS -2-33,zeros to 34,35
2 XREG FILE £-35 to X BUS -1-34,zero to 35, XREG

FILE bit ¢ to X BUS -2

3 XREG FILE ¢-35 to X BUS ¢-35, XREC FILE bit ¢
to X BUS -2 and -1

4 D MUX ©6-35 to X BUS ¢-35, D MUX bit ¢ to X RUS
~2 and -1

5 XREG FILE bit ¢ to X EBUS -2-35
6 # FIELD €-17 to X BUS @-17, #§ FIELD €-17 to X BUS

18-35, # FIELD @ to X BUS -2 and -1
7 Z EUS £-35 to X BUS ¢-35, Z RUS bit ¢ to

X BUS -2 and -1

4.2.7.5 Y FIELD <bits 22-23> - The Y field controls inputs into the
Y bUS wvia the Y MUX at the SHL and SHR modules. The field decondles
are as follows:
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decode function

0 Y AC £-35 to Y BUS @-35
1 YREC FILE ¢-35 to Y BUS ¢-35
2 D MUX €¢-35 to Y BUS @-35
3 ' MC ©-35 to Y BUS ¢-35

4.2.7.6 D FIELD <bits 25-27> - The [ field controls the C MUX at the
SHL &nd SHR modules. The field decodes are as follows:

decode function

4] L1 REG ©-35 to L MUX £-35
1 L1 REG 1~-3%5 to [ MUX ¢-34, MC REC @ to D MUX 35,MQ REG

1-35 to M REG (-34, zero to MC REC 25
2 Ll REG €-34 to L[ MUX 1-3%, L1 REGC 35 to MC REG ¢,

zero to D MUX ¢, MC REC (-34 to MC REC 1-35

L1 REC £-33 to D MUX 2-35, L1 REC 32-35 to MC REC
0-1, zeros to D MUX C-1, M(C REC 0-33 to MC REC 2-35
Z MUX ©¢-35 to L MUX @¢-35

Z MUX 6-35 to [ MUX 6-35, SCALC 2LU €-5 to L MUX =5
Z MUX 9-35 to D MUX 9-35, SCAL ALU -8 tn L MUX -8
Z mMUX 12-3% to D MUX 12-3%5, SCALC ALU C-11 tn D MUX

c-11

W
~
 
O
y
 s

4.2.7.7 L EAKLY <bit 28> - The L EAKLY bit determines one of two
modes of 44ns cycle operation:

I. L EARLY off indicates that an ALU or MCVE oreration
occurring in the second half of a 44ns microcycle mey store
results in the second half of the next microcycle if a write
to REG FILE or AC is issued. 1In this mode, a read of REC
FILE 1s performed during the first half of the current
microcycle and may be used for an ALU or MCVE ojperation in
the second half of the current microcycle. L EARLY off
indicates that L1 BUS is valid at CLK 3 of the first helf of
the next micro cycle. During the first cycle of any
instruction, L EARLY is forced off.

L EAKLY off also indicates that all SHIFT MATRIX inputs are
clocked at CLK 2 of the 1st half of the current microcycle
<X REG, Y KEG, SC REG, SCAL ALU> &and SHIFT KFATRIX results
are clocked into Z MUX at CLK 3 of the 2nd half of the
current microcycle,.

2. L LARLY on indicates that éen 2LU or MOVE oferation occurring
in the 1st half of & microcycle may store results in the
first half of the next microcycle if a write to REG FILE or
AC 1s issued. In this mode, a read of REG FILE is performed
during the second half of the current microcycle and may be
used for an ALU or NMOVE opcration in the first hslf of the
next microcycle. L EARLY on indicates that L1 BUS is valid
at CLK 3 of the 2nd half of the current microcycle.
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L EAKRLY on also indicates that all SHIFT MATRIX 1inputs are

loaded &at CLK 2 of the 2nd half nof the current microcycle,

and SHIFT MATRIX results are clocked into Z MUX at CLK 3 of

the 1st half of the next microcycle.

EXAMPLE: ~L EARLY on in 1lst cycle, off in 2nd microcycle

! FIRST CYCLE ! SECCND MICROCYCLE !
1 1 1 !

4 0 2 ¢

+ fmm e —————— + fommmme ——— -

! -L EARLY A ! 2 ! 3 7

e— + ! $mmmmmm—m e~ + !

! ! X RLC ! X REC

! Z FUX Y REG 7 MUX Y REC

! FE KEG FE PEC

! SC REG SC RFC

DLY

! 2 2 2 2

! + tommmmmmmmmm—me + T

+--=> ! -L EARLY B ! ! !

+ + pomm - +

! G s

! ! !

! ! !

! F EUS F EUS

! Kk MUX RE MUX

!

DLY

!

! 1 1 1

1 + fmmm e +

S S > 1 -L EARLY C ! !

fommmm——e ———— + e———

! 3 3

! ! !

! L1 REC L1 REG
1

DLY

1

! 5 4

! + pmmm -

Fmmm———— > ! =L EARLY D !

. S +

2

!

STCRE

—

+
 
-
+
2
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4.2.7.8 J FIELD <bits 29-30> - The J field controls the J input to
the ©SC ALU <SCA module> via the J MUX. The field decndes are as
follows:

decode function

9] SC REG €-11 to J MUX €-11
1 # FIELD ©-11 to J MUX @€-11

2 X REG 18 TCO J MUX 0-3, X REG 28-35 tn J MUX 4-11
3 zeros to J MUX €¢-5, Y REG -5 to J MUX 6-1]

4.2.7.9 K FIELD <bits 31-33> - The K field controls the K input to
the §SC ALU <SCA module> via the K MUX. The field decodes are as
follows:

decode function

(5] # FIELD 9-11 to K MUX f-11
1 zeros to K MUX £-5, Y REG 6-11 tno K MUX fA-11
2 zeros to K MUX -5, FPA SHF ENCODE to K MUX 6-11

3 zero to K MUX @, OE Y REC ¢ with Y REG 1-8 tn K
MUX 1-8, zeros tno K MUX 9-11 |

q zero to K MUX €, CE Y REC ¢ with Y REC 1-11 tn K

MUX 1-11

5 FE REG €-11 to K MUX £-11

6 zeros to K MUX #-7, instruction XR value 14-17 ton
K MUX 8-11

7 zeros to K MUX @¢-7, Y REC 2-5 tn K MUX 8-11

4.2.7.10 SC ALU <bit 34> - The SC ALU bit determines the SC 2LU
function:

¢=add

l=subtract K from J

4.2.7.11 §SP FUNCTION Field <bLits 35-38> - The SPECIAL FUNCTION field
issues control commands to the EBCX under the following decondes:

decode function

4] no-okg

turn on accounting meter

turn off accounting meter

select MASTER AC £-35 to Z EUS ¢-35

force 1s to SEL OP2

lpdate accounting meter +1

SSEL: Send encoded port address of accegpted IC

interrupt to the console

Y
U

D
 
W
A
 
-

7 Spare

1l¢ force 1s to SEL 0Pl
11 select FPA SHF ENCCDE £-5 to SC MUX -5
12-17 Spare
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4.2.7.12 PARITY @-47 <bit 39> - PARITY @-47 is turned on or off so

that odd parity is achieved for bits £-47.

4.2.7.13 M(¢ <bit4p> - The MC bit determines the mode of the M0 REC.

If on, the MC REG clock is enabled. 1If off, the NMC REG is held at

the previously clocked value.

4.2.7.14 RF <bit 41> - The RF bit determines selection of either R

bUS or A BUS to the L MUX input at the MVL and MVR modules. First

cycle control of this field forces selection of R EUS. Since the RF

bit is a late control, the results of the move path operation during

first cycle are selected into the RF BUS. The decode is as fnllows:

g= R BUS £-35 to RF BUS ¢-35

1= A EUS £-35 to RF BUS ¢-35

4.2.7.15 SC FIELD <bits 42-44> - The SC field controls the SC REG

and SC MUX on the SCA module. Bit 42 on causes a hold of previously

clocked contents of the SCAD ALU output. Eit 42 off allows SC REGC to

clock. Bits 43-44 decode as follows:

decode function

%) SC REG 6-11 to SC MUX 0-5

1 SC ALU 6~11 to SC MUX 0-5

2 # FIELD 12-17 TC SC MUX ©-5

3 SC ALU 3-8 TO SC MUX @-5

A third signal causes selection of the FpPA shift velue 2-5

<determined from post normalization priority encoders> into the SC

MUX. 1his signal is generated by SP FUNCTION decode=4.

4.2.7.16 FE FIELD <bits 45-46> - The FE field controls the FE REGC

and FE MUX on the SCA module. Bit 45 on causes a honld of previously

clocked contents of the FE MUX output. Bit 45 off allows FE REC to

clock. Bit 46 selects FE MUX as follows:

Bit 46 off K MUX €-11 to FE MUX 0-11

Bit 46 on SCAD ALU 9-11 to FE MUX €-11

4.2.7.17 T <EIT 47> - T bit on will cause the current microword to

hold for an additional 44ns cycle.
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4.2.7.18 X1 <bits 48-4¢> -~ The X1 field controls the X1 MUX at MVL

and MVR. During the first cycle of an instruction, forwarding

conmpare logic from TAC and SH modules determine selection. During

second &nd subsequent cycles firmware has control with the following

field decodes:

decode function

F EUS ¢-35 to X1 BUS €-35, F BUS ¢ to X1 BUS -2,-1

RF BUS ¢-35 to X1 BUS (-35, RF BUS ¢ to X1 BUS -2,-1

X BUS -2-35 to X1 BUS -2-35

OP2 BUS £-35 to X1 BUS ¢-35,CP2 BUS ¢ to X1 BUS -2,-1L
N
=
 
2

4.2.7.19 Y1 <kits 50-51> - The Y1 field controls the Y] MUX and 2RF

MUX at MVL and MVR < an enable to Y1 in first cycle comes from the

IbGX>. During the first cycle, forwarding compare logic from TAC and

Sh modules determine selection. During second and subseguent cycles

firmware has control with the following decondes:

decode function

9 F EUS €£-35 to AF,Y1l BUS ¢-35

1 RF BEUS ©€-35 to PE,Y1l BUS ¢-35

2 X BUS £~35 to AF,Y]l @-35

3 Y BUS ©-35 to AF,Y1 0-35

ALU input ~-2,-1 are equal the value of Yl BUS ¢

4.2.7.20 ALU <bits 52-55> ~ The ALU field controls the 36 bit 2LU on
the MVL and MVK modules. Carry into 35 nmust be asserted for all
subtract operations. For ECD, bits ©,%,18,27 are ignored <carry will

cross from 10 to 8, 1% to 17, 28 to 26> during the ALU ofperation and

forced to zero at the F BUS. The decodes are as follows:

decode function

g X1 plus Y1l BCD (32 bit &add, 1-8,1¢-17,1¢-26,28-35)

1 X1 minus Y1 BCP (32 kit subtract)

2 Y1l minus X1 ECC (32 bit subtract)

3 @ minus Y1 BCD (32 bit subtract)

4 X1l plus Y1 Binary (36 Lit)

5 invalid op

6 Yl minus X1 Binary (36 bit)

7 invalid ofp

10 X1l equal Yl

11 X1 EOCR Y1

12 Xl + Yl(inclusive or)

13 X1l

14 not Y1

15 Yl

16 X1l.Yl(logical &nd)

17 Zeros
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4.2.7.21 CARRY <bits 56-58> -~ The CARRY field controls the carry in

to 17 and carry in to 35 of the 36 bLinary ALU and 32 bit decimal ALU.

Decodes are as follows:

DECIMAL OPERATION <bits 52,53=0(>

decode function

g-1 invalid op

2 carry into 35

3-5 invalid op

6 no carry into 35

7 invalid op

bINARY OPERATION <bits 52-~53 not equal 0¢>

decode function

¥ sign Y= Cn to 35, 36 bit ALU

1 no Cn to 35, 36 bit 2ALU

2 no Cn to 35, 18 bit ALUs

3 no Cn to 35, 18 bit ALUs if FACALC nnt global

no Cn to 35, 36 bit ALU if EACALC global

Cn to 35, force Cn to 17

Cn to 35, 36 bit ALU

Cn to 35, 18 bit ALUs

Cn to 35, force Cn to 17 if EACALC not global

Cn to 35, 36 bit ALU if EACALC global

S
N
y

4.2.7.22 CGPl/WR REG FILE <bit59> - During first cycle bit 59

controls the OPl1 MUX at MVL and MVR as follows:

59=0 AF MUX 0-35 to SEL OPl1 (-35

59=1 AF MUX €-17 to SEL CPl1 18-35,2AF MUX 18-3% to

SEL OPl ©-17

During second and subsequent cycles, OPl MUX control 1is forced to
zero <AF €-35 to SEL OPl1 @-35>, and bit 5¢ performs the following

operation in conjunction with the L EARLY bit:

Bit 59 L EARLY<bit 28> function

Y] 4] read REG FILE in 1lst half current cycle

9) 1 read FEG FILE in 2nd half current cycle
1 5 write REC FILE in 2nd half next cycle,

read REG FILE in 1lst helf current cycle

1 1 write REG FILE in 1lst half next cycle,

read REC FILE in 2nd helf current cycle

4.2.7.23 Sw/ X REC RD <bits 6£-563> - The SW/ X REC RD field rerforms

@ dual function. It addresses the X REC FILE words (-15 on SHL and

SHR modules, and controls the swapping and merge operation of the Sw

MUX on MVL and MVR modules. SW MUX is controlled by the following
decodes:
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Left swap control <bits 6g~-61>

decode function

9] OP1 18-35 to PASS ¢-17
1 OPl1 (0-17 to PASS @-17
2 CP2 18-35 to PASS ¢-17

3 OP2 ¢-17 to PASS ¢~17

Kight swap control <bits 62-53>

decode function

8, CPl 18-35 to PASS 18-35
1 OPl1 6-17 to PASS 18-35
2 OP2 18-35 to PASS 18-35
3 CF2 €-17 to PASS 18-3%

9-JUL-80

Page 4-21

4.2.7.24 R/Y REG RLC <BITS 64-67> - The R/Y REC RD field rerforns a
dual function., It addresses the Y REG FILE words ¢-15 on SHL and SHR
modules, and controls the operation of the K MUX
modules. K control bits are decocded as follows:

decode function

) zeros to R BUS ¢-17, PASS 18-35 tn K BUS 18-35
1 zeros to R BUS ¢-35

2 PASS £-17 to R EUS (-17, zeros tn 18-3F
3 zeros tno R BUS ¢-35
4 SEL OP2 bit @ to K BUS ¢-17,PASS 18-35 to R EUS 18-35
5 PASSE ¢-35 to R EBUS (-35

6 PASS (€~17 to R BUS €¢~17, SEL OP2 Lit ¢ to R EUS
7 CCMPARE EUS ©-17 to R BUS (-17

10 ones to R EUS (-17, PASSE 18-35 tn F BUS 18-35%
11 ones to K EUS ¢-35

12 PASS €~17 to K EUS £-17, nnes to R BUS 12-3%
13 ones to K BUS (C-3%5
14 SEL OP2 bit 18 to K EUS (-17,PASS 12-35 to R BUS 18-3F
15 ~-PASS (-35 to R BUS @-35
16 PASS €-17 to R BUS ¢-17, SFL 0OP2 Lit 182 tn R
17 -COMPARE €-35 to R BUS ¢-35

on MVL and MVR

4.2.7.25 CCMP <bits 68-69> - The COMP field determines the mode of
operation of the «comparators on the MVL and MVR modules per the
following decodes:

BUS 18-3¢
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BEit 68 on= comnpare to nnes<7s>

a) compare CCMP BUS 1-34 to ones

b) compare F BUS €-35 to ones

bit 68 off= compare to zeros<not 7s>

a) compare CCMP BUS 1-34 to zeros

b) compare F BUS ¢-35 to zeros

bit 69 on= compare to 1

a) compare CCMP BUS 35 to one

Bit 69 off= compare to zero

a) compare COMF BUS 35 to zero

4.2.7.26 LAST CYCLE <kit 70> - The LAST CYCLE bit controls the
update of the PC, Instruction Code, AC addresses, and selection of

Ck, CI, and CL MUXes during the first cycle of the next instructionn.

when the lest cycle bit is on and L EARLY is also on, PC, IC, and 2C

addresses are updated in the next 22ns clock period (if in 44ns

microcycle,during the 2nd half of the cycle containing the last cycle

bit. Wwhen the LAST CYCLE bit is on and L EARLY is off, PC, IC, and

AC aadresses are updated in the 1st 22ns period following this

microcycle.

CE, CI, and CL MUXes select between first and subsequent cycle
control words for early <CLK 0>, intermediate <CLK 1 or 2> and late

<CLK 3 or @> control bits. LAST CYCLE bit on causes fast 254X4 FKAMS

and forwarding controls to be selected into the control word of the

next cycle, which represents the first cycle of the next instruction.

An interrupt may block the operation of the LAST CYCLE bit, thus

allowing slow microcode to trap to an interrupt handling routine.

Once this routine is completed, a LAST CYCLE microorder must again be

issued to cause instruction execution to continue,

Instruction invalid coming from the IBCX at LAST CYCLE will cause the

microword containing the LAST CYCLE order to hold if no interrupts

are pending. L EARLY will be forced off in the next cycle so that

only one store ojperation will occur,

4.2.7.27 STORE CONTRGL <bits 71-73> - The STCRE CCNTROL field causes

store, MBECX, and FPA operations to occur per the fnllowing decodes:
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deconde

%]

1

function

no og

Write MEM with data on L BUS. Write AC if EACALC is
an AC. L EARLY on will cause data to latch at M or
write to occur at 2C in the 1st half of the next
cycle. L EARLY off will cause deta to letch at M or
write to occur at AC in the 2nd half of the next cycle.,
Write to AC and MASTER AC. L EARLY on will cause the
write to occur in the 1st half of the next cycle.
L EARLY off will cause the write to occur in the 2n¢
half of the next cycle.
Write AC and MAC if AC field nnt=¢. Timing is the same
as decode 2.

hWrite MAC only with data on L BUS. L EARLY on will
cause the write to occur in the 1st half nf the
next cycle. L EARLY off will cause the write to nccur
in the 2nd half of the next cycle.
Start FPA at address ggp, #field 13-17
STEP CTRS: Read the MASTER AC twice followed by an
update of it's lo-order 4 address by +1. In the next
microcycle write into 2C copies twice followed by an
update of their write address by +1. This microeorder
refeated 8 times will cause a load nf all AC corpies
with an AC set from the MASTER AC block.

4.2.7.28 FLAG CONTROL <bits 74~77> - The FLAC CONTROL field causes
flag and miscellaneous operations to occur under control of # FIELD
and data path bits.

decode

)

1

function

no o

LD FLAGS: load PC flags from F BUS (-12. If P field
bit 5 is on protect USER and USER 1O from illegel
modification. If ¥ field bit 6 is on load PCU from
previous USER flag.

E BUS flag
Co ov

g1 CRY(

B2 CRY1

g3 FCV

04 FPD

¥5 USER

6 USER IC/ PCU

29 TRAP?2

1¢ TRAP1

11 FXU

12 NC DIV
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EXECUTION UNITS COMMON CONTROL

decode function

2 PC FLAGS: set or clear selected PC flags from } field.
# field function

(637 set CV

g1 set CRY(

B2 set CRY1

03 set FCV

pa set EFPD

g9 set TRAP2

10 set TRAF1

11 set FXU

12 set NO DIV

13 clear CV

14 clear CRYO

15 clear CRY1

16 clear TRAPl and TRAP2

17 clear FPD

3 LD STATE:Set or clear selected STATE REC bits from %
FIELD ©0-15. Set overrides clear.

§ FIELD FUNCTION

X0 set €C

581 set @1

g2 set €2

23 set £3

04 set 04

05 set €5

0o set @6

67 set €7

ce reset ¢¢

go reset (1

10 reset @2

11 reset (3

12 reset @4

13 reset €5

14 reset (5

15 reset (7

duplicate 9-JUL-8¢

Page 4-24
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EXECUTION UNITS COMMON CONTROL

4 AD FLACS: Update CRYg, CRY1l, and OV from the ALU

results of the current microcycle.

5 JECL: Clear OV 1f CVv and AC field bit 9 are on; clear

CRYC 1f CRY@ and AC field bit 10 eare on; clear CRY1

if CRYl and AC field bit 11 are on; clear FCV if FCV

and AC field bit 12 are on. If any of these flags are

cleared, force jumfp successful at the IBCX.

6 LD APK: Set selected AFR flags from X RFEC 24-31, reset

selected APR flags from Y REC 24-31. Set overrides

reset if both are on.

7 EN APR: Enable selected APR interrupts per X REC 24-31.

16 command to IBOX per % field 14-17

#14-17 decode function

) preset IBCX

1 lonad PC from L RUS

2 read PC<via CP2 BUS> of SFL I

3 read EACALC<Kvia CP2 BUS> of SEL 1

4 read mem op<via CP2 BUS> of SEL 1

5 read mem, VMA from L BUS, data

via CP2 BUS

6 write mem, VM2 from L BUS, data

from L BUS nne cycle later

7 read mem,IBOX EACALC of L BUS 18-35

plus XR 1€-35 addressed by WR MUX,

VMA 6~-18 from PC

196 initielize PC to curr instruction

11 initislize PC to curr instr -1

12 initisalize PC to curr instr -2

13 backstep SEL I -1

14 step SEL I +1

15 START IBCX

16-17 sgare
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EXECUTIOGN UNITS COMMON CONTRCL

11 LD PI: Set interrupt requests for PI levels 1-7 from
X REC 29-35, reset interrupt reqguests for PI levels

1-7 from Y REG 29-35. Reset nverrides set if both are

on.

12 EN PI: Enable interrupts for selected PI levels per

X REG 2¢-35.

13 Load interval timer from Y REC (-17.

14 PDL OV: Set trap 2 if F BUS compare eguals value of

CoMp field.

15 Read flags or meters per § FIELD 15-17 into the next
micro cycle's number field €-17.

decode function

9] APR 24-31 to # FIELD 6-13

1 Interval counter ¢-17 to # FIFLD 0-17

2 Accounting meter ¢-17 to } FIELD €-17

3 PI flags to # FIELLD 11-17

4 STATE flags to § FIELD -7

5 PC flags to # FIELD £-12

6-7 spare

16 Load accounting meter from Y REG (-17

17 Sgare

4.,2.7.29 PARITY 48-101 <bit 78> ~ Parity 48-1¢€1 is turned on or off
so that odd parity is achieved for bits 48-1¢1l.

4,.2.7.30 L <bit 79> - The L bit controls the selection of the L MUX

on MVL and MVR modules according to the following decnde:

L=0¢ F EUS (-35 to L MUX £-35

L=1 RF BUS €£-35 to L MUX ¢-35

4.2.7.31 AC/ REGC WR CTRL <bits 2¢-83> - The AC/ REC WR CTRL field
performs a dual function. IF bit 52 is on, the X and Y REC FILES

will bLe written into in the next microcycle according to the setting

of L EARLY. The X and Y REC write address is generated from bits

80-83. If bit 59 is off, the AC/ REG WK field will be used to

control the addressing of the ACs at SHL, SHR, IDL, IDR, and FPB-E

modules. In this mode, bits 80-83 have the fonllowing significance:



COUMPANY CONEIDENTIAL -- Do not duplicate 9-JuL-8¢@

INSTRUCTION EXECUTIGN Page 4-27

EXECUTION UNITS CCMMCN CONTRCL

bLit 8¢=0 Wk MUX plus 8 FIELD 14-17 to XRD MUX <bit 8¢=0 and

bit 59=0 causes XRD MUX to clock>.

Bit 8¢=1 EACALC 32-35 to XRD MUX if LAST CYCLE, hold previously

clocked contents if not LAST CYCLE.

bLit 8l1l=¢ SC bits 2-5 to YRD MUX, # FIELD 1¢-13 to HMA MUX

<bit 31=0 and bit 5¢=0 causes YRD MUX to clock>

kit 81=1 AC field 14-17 of instruction to YRL MUX if LAST CYCLE,

hold previously clocked contents if not LAST CYCLE.

Lit 82=0 Select XRD MUX to WR MUX

Bit 82=1 Select YRD MUX ton WR MUX

bit 83=0 Select CURR REC to HMA MUX

BEit 83=1 Select PREV REC to EMA MUX

4.2.7.32 NUMEER FIELD 0-17 <CL bits 84-101> - The number field is an

18 bit field which is used in conjunction with other microorders as a

direct input into data or control logic.

4.2.8 SYSTEM CLOCKS ()

The 2088 clock controls provide the gsting of a single 181.2 Mhz
master oscillator source in such a way that synchronous clock phases
will result at the IO Box, IBOX, EEOX, FPA, MECX, and memory array.
The clock control 1logic will &lso include start, stop, and count

mechanisms for diagnostic and error recovery purgposes.

4.2.8.1 10 ECX INTERFACE TC THE SYSTEM CLOCK - Outputs from clock

control module to IQC BRox:
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IC Clock

The clock control module will send a 45.45 Mhz pul se,
llns on, 1llns off, to the IO Eox. The positive
transition of this pulse will corresgond to the
negative transition of phase ¢ at the CPU. It
will be free-running at all times.

L time

!

—————— + e} ——_———

! PhE ! ! !

tm———— + - +

———————————— + it Y R N

! PH1 ! ! !

tm———— + dm———— +

RT . + o ——————— ——————— +

! PH2 ! ! !
e ——— + tm———— +

T + eT Tp + -

! PH3 ! ! !

tm———— + tem——— +

e + tmmme ——— e + -

! I0 CLK ! llns ! l1lns ! llns !
+ e L p—— + te—————————— +

Diag CLK keturn

This signal is the return path of the shifted nut clock
control register.

CLK Error

CLK Error represents a synchronization error between the CLEK
CCNTROL module and the CPU free-running clocks.

Inputs to Clock Control Module From IO EoX:

The IO BCX sends controls to the clock control module to set up and
execute the clock start/stop features. A serial line permits the I0
BOX to shift into a control register a field representing a 16 Lit
command.

CMLC to CLK

CMD to CLK is the input to the clock control register shift in path.

CLK CML ENABLE

CLK CMD ENABLE gates a fpreviously 1loaded and decoded command to
control the start/stop mechanisms of the CLK Control module.
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Command Eits of the Clock Control Register:

CLOCK CONTROL FEG

e ————— $———— $em———— tm————- T - fm————— e +

! SPARE ! TIC ! DISA ! DISE ! ESTP ! SYNC ! CCUNT ¢-255 !

fmm e ——— tm———— tmm———— $m————— tmm——- tm————— fommm e ———e +

15-13 12 11 1¢ 9 8 7-0

CCUN1 Field (bits 7-0)

The CCUNT field represents a count of clock phases to be stepped 1in

the MmBCX, 1IBCX, EBCX and FPA, when clock TIC (bit 12) is on. For

example, Disable A (bit 11) on will stop all clocks in the CPU at the

next active phase @ (phase 0 on, phase 1, 2, and 3 off). Following

this, a count of @¢¥l and TIC on will step all clocks in the CPU to

fhase 1. Count increments of 4 represent machine cycles (22ns).

SYNC (bit 8)

The SYNC command, when on will cause a 1lnad of the clock distribution

chips (10€141 shift register) on all CPU modules to an active phase

@, inactive phase 1, 2, and 3. The ESYNC command must always be

freceded by turning on and executing the CISABLE A command, and

followed by turning of and executing T[CISAELE A, This [fprocedure

eliminates any need for adjustment of the SYNC signal going to each

module. This command will be used only if the 10£141 shift register

is employed as a distribution method.

ESTOF (kit )

The LSTCP command will cause a stop of all FBOX, FFA, and EBCX

controlled 1BOX <clocks at the phase ¢ following the rise of "ERROR

S10pP" from the EBCX. The console may then scan the EBCX, FPA, and

IbOX module phoese @ scan bits to determine if the FRRCR STOP was

caused by a clock sync error in one of these modules.

DISAELE E (bit 1¢)

The DISAELE E commend will stop all EECX, FPA &and EECX controlled

IBOX <clocks at the next active phase ¢. ‘lurning DISAELE E off will

start the clocks in these areas in the same manner as DISAELE 2.

DIsSAbLE A (bit 11)

The LISABLE A command will stop all CPU clocks at the next active

phase (. turning DISABLE A off will start all CPU clocks with a

positive (treiling edge phase 0/negetive (leading) edge phase 1.

TIC (bit 12)

The clock 1IC command will step all CPU clocks the number of phases

specified by the count.
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4.2.8.2 CFU INTEKFACE 10 THE SYSTEM CLOCK -

Outputs From Clock Control Module to the CPU:

SYSTEM CLK to (module name) (total = 23, 45, or 92)

bach CKFU module will receive either a 181.8 Mhz clock, twn 45,45 Mhz,
or the four phase clocks (depending upon decision by 2082 technoloay
group). These clocks will be jLowered independently at the «clonck
control card. Two identical sets will go tn the IBCXx data prath cards
to allow for separate control by LISAELE A and DISAELE F.

SYNC

kour sync lines will be driven to the 21 CPU modules; SYNC A will gn
to the MEOX, SYNC E to IBCX and MV nodules, SYNC C will go to the
remaining EbCX modules; and SYNC D will go to the FPA modules, The
SYNC signals will be stubbed, with termination at the module farthest
from the clock control. These lines are logically icdentical, driven
by the enabled SYNC command bit.

Inputs to Clock Control Module From the CPU:

Check Phase @

The five MBUX, along with 2 IBOX data path modules, each will send &
buffered phase ¢ back to the clock control. These will be compared
to internal clock control phase generation to determine whether or
not a synchronization error has nccurred. Cnly free running clocks
utilizing the 160141 shift register will be checked in this manner.,
the 7 check bits will be loaded into a register at the clock contrnl
SO that its bits may be shifted out as part of the active diagnostic
scan path. The serialized input and output of this scan register
connect to modules adjacent to the clock control module.

ERRUR S10P

ERKOR S1CP from the CPU SCAD module indicates that an IBCY, EECX, or
FPA error has occurred, and that all goted clocks in these areas have
been stopped.

4.2.8.3 MEMCORY INTERFACE TO THE SYSTFM CLOCK - Outputs From Clock
Control to bemory Modules:

Individually driven, free-running, 45.45 Mhz clocks will be sent to
each of 16 memory array cards, and each of two repeater cards. The
clock will be 1lns on, 1lns off, with positive transition
corresponding to the positive transition of the I0 CONSOLFE CLOCK.
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CHAPTER 5

EECX

5.1 GENERAL

lhe 2680 EBOX is designed in such a way that maeximum rerformance is
derived from & limited number of ICs. Emphasis is placed on the fast
execution of commonly used instruction grours including mask and
test, full and halfword moves, arithmetic, stack, and boolean. In
approaching the design, it was found to be more efficient to make an
entire group run fast vrather then focus on a few highly used
instructions. This in turn also served to reduce considerably the
amount of control logic reqguired to deal with the exceptinn cases,

Since instruction mix analysis showed that the above-named groups
occupied from 80-90% of dynamic execution, it was decided to create a3
hierarchical design, with MOVE <executing move and mask&test> and ALU
<executing arithmetic, stack, and boolean> were contrnlled from fast
256X4 KRAMS, and all other instructions executed in the traditional
method of microprogram control. Thus, the 20€0 EECX executes nearly
360 instructions in one or twno 22ns cycles.

22ns prior to the start of execution, the IBCYX supgplies the EBCX with
the instruction «code, AC addresses <for both AC field and EACALC
32-35>, and an instruction/operand valid bit which permits the
instruction execution to proceed. The instruction code addresses the
fast 256X4 and slower 4kXl RAMs simultaneously. In the next cycle
{first <cycle of execution>, the micrownrd controlling the EBCX is
selected ftrow the fast KAMS. The second cycle of execution may be
either & 22ns cycle or a 44ns cycle depending on the setting of the
LAST CYCLE and L EARLY bits < LAST CYCLE and L EARLY both on indicate
a 22ns cycle>. The second and subsequent micro words are selected
from the 4kX1 RAMS each 44ns.

The fast 256X4 RAMS contrnl only the 22ns path <MCVE, &ALU>, whereas
the 4kXl KAMs control a 44ns shift and shift control path as well as
utilizing the MCVE and ALU sections as part of a 1larger 44ns ypeth,
This fprovides the microprogram with @ very powerful arithmetic,
boolean, merge, compare, and shift capability.

s9 Shft/ac/ug

S Iz 54!7[7" ((‘-'fl‘?l ’fi?mfifJUfi/lu 0171,
¢ onT rd
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MOVE/ALU PA'lH

5.2 MOUVE/ALU PATh

The MOVE/ALU path is contained on two identical mocules, MVL and MVR.

It consists of two 22ns loops, each of which may receive inputs from

the other, or from KEC, FPA, or IBOX operand paths, under the control
of X1, Y1, or Khi fields.

5.3 MGVE CGPERATION

Two operands are presented to the MCVE path at CLK 2, SFL CFl and SEL

OFk2. SEL OF1 in the first cycle of execution receives a word from

one of the fonllowing:

1. X or Y AC sets < X is addressed by EACALC 32-35, and Y 1is

addressed by AC field> on the X or Y BUS

2. A forwarded result through L1, L, and X or Y <if current

instructions requires an operand from an AC word vhich is in

the process of being stored

3. F BUS < if «conflict compare indicates that previous

instruction result selected at L MUx is from F and current

instruction uses it as an operand>

4. Kf BUS < if conflict compere indicates that previous

instruction result selected at L MUX is from RE and current

instruction uses it as an operand>. SEL 0OP2 1in the first

cycle of executinn receives & word from one nof the

following:

a) the X AC on the X BUS <X AC addressed by EACALC 22-3%5>

b)a torwarded result through L1, [, and X <if current

instruction reqguires an operand from an AC word which is in

the process of beiny stored>

5. ‘lhe IBCX OP2 BUS if no results are being forwarded and the

EACALC does not regresent an FC

6. From K BUS or F EUS vie the same forwarding controls applied

to SEL OPl.

In second and subsecguent cycles SEL CPl1 and SEL OCP2 1inguts are
controlled entirely from 4kX1l control storage RAM fields X1, Y1, and
RE.

Half word instructions are executed via Sw and E MUX controls. Sk

MUX permits merging of either left or right helf of SEL OP2 with the
left or right half of SEL OPl. R MUX may select either half=s zeros

or ones, or either half = SEL OP2 bit ¢ or 18. Move, Zeros, and Cnes

instructions are alsn executed via SW and R MUX controls,
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MCVE OFEKATION

masking for test instructions occurs at an AND function with inputs
from SEL CPl1 and EEL CP2. The &AND true outputs connect to

comjparators which, under CCMP field contrnl perform a partiel compare

<in the tirst cycle> of the AND outputs to the values -1, ¢, and +1.

Comjpare results and SEL OP2 sign bit <> go to the IBOX where skip/
jump successful determination will be made. 1In the case of TEST LEFT

instructions, SEL OFl receives the AC operand with 1it's 1left and

right halves swapped at the CPl MUX, and SEL OFP2 receives CP2 BUS

from the IBCX with zeros in it's left half, and the 1o order 1& bits

of the EACALC in the right half.

All MOVE path results are clocked into the RF MUX at CLK € of the

next cycle, <CLK ¢ gated by L EARLY B from the current cycle's

niicroword>,

5.4 ALU OPERATION

ALU inputs are logically identical to MVE inputs, with the exception
ttiat in the first cycle, the Y1 MUX may be disabled to force zerns

into the Y1 ALU input. 17This is used with an ALU deconde 4 and forced

carry to provide a fast add 1 or subtract 1 to either ALU half, while

Al NMUX, also under Y1 FIELD control, is gating the AC operand into

the MOVE path.

The main ALU is 36 bkits wide, divided intn twno 18 bit sections, an
extension of two bits 1is made on the high order end to facilitate

multiply operations, thus providing ¥ EUS -2 and -1 to the SHL

module, The ALU performs binary and decimal adds and subtracts, and

boolean functions in 22ns. 7The ALU $-35 may also be separated into

two 18 bit sections with carry control to both.

ALU results are clocked into the F MUX at CLK € of the next cycle

<CLK 6 gyated by L EARLY E of the current cycle's microword>,

5.5 L bLUS

The L BUS is used to trensfer results from the R BUS <MCVE>, F BUE

<ALU>, or A BUS <FPA> to the following mndules:

negative L bUS <1 backpanel stub at ID>

a) IECOX IDL and IDR

b) mbBCX MLCL and MLCR

positive L BUS <2 backpanel stubs, one each at SH and EP>

c) EBOCX ShL and SHK

d) FPB,D and FPC,ELE

The L MmUX 1s clocked at CLK 1. The L MUX select is valid during the

CLK 1 of the 2nd 22ns period after the control word has been issued

tor the first cycle of execution, and is valid during the CLK 1 of

the 2nd and 3rd 22ns periods after the control word has been issued

for subsequent 44ns microcycles. Since it is a stubbed bus, 1l¢ns are
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L BUS

allowed before it's destination registers are clocked.

+ e ————— + e——————— + +

! ! 1ST CYCLE ! ! 2ND CYCLE ! !

+----+ EAKLY CONTROL +----+ EARLY CCNTROL e mm b

6 ¢ e

+ fmm e ——————— + e ———————

! ! 1ST CYCLE ! ! 2ND CYCLE

+----+ LATE CONTROL +----+ LATE CCNTROL

3 3

! ! !

CLK L CLK L CLK L

5.6 EKKOR CCNTROL

Parity generation occurs at the output of the F BUS < ALU result> and

at the output of the AND function of the MCVE paeth. A parity bit is

generated for each byte, composed of bits ¢-8, 6-17, 18-26, and

27-35, respectively. Parity checking is performed at the output of

the SEL OFP1 mMUX, SEL CPZ MUX, and L MUX. If a parity error is

detected at either SEL OPl1 or SEL OP2, the following CLK ¢ will set

the MVL or MVK INPUT ERROR latch which will a) block the next CLK 2

to SEL OP1l, SEL OP2, and ALU, and b) will signal to the error control

logic on the SCA module to stop all gated IBCX, EECX, and EP2 clocks

starting with CLK ¢ 2¢ns later, and seqguentially stopping CLK 1, CLK

2, and CLK 3, in that order. ||If a parity error is detected at the L
mUX, the following CLK 2 will set the MVL or MVR QUTFPUT ERKOR latch

which will a) block the next CLK ¢ to the L MUX and MAC EACKUP

ADDRESS, and the next CLK 1 to the leading edge control of the MAC

EACKUP write-enables, and b) will signal the error control 1logic on

the SCA module to stop all gated IBCX, EBOX, &and FPA clocks starting

with CLK @ 3¢ns later.

The carry generates of the two duplicate ALUs are compared to

determine whether an ALU error has occurred. If the results of the

two ALUs combined produce an odd count, an error trigger 1is set at

the next CLK 3, followed by a clocking of the MVL or MVR ALU FRF

latch at the fonllowing CLK 0. The MVL or MVR ALU ERR signal will

cause the SCA error control to stop all IBCX, EBCX, and FPA clocks

starting with CLK @ 20ns later.

System reset will reset F, KF, SEL OPl, SEL CP2, and L MUXes to zeros

with goond vparity. Error reset will reset MV OUTPUT EFR, MV INPUT

ERK, AND MV ALU ERR.
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5.7 DIAGNCSTIC INTERFACE

The passive scan path of MVL is composed of 4¢ bits fronm the F BUS
and MAC BKUP scan registers. ‘lhe signals sre labeled as follows:

'CIAC BAS CUT ESE H°!

'R BUS €0 H' to 'R BUS ¢7 H',
'R BUS 18 H' to 'K BUS 25 H',
'R BUS PO@-08 H',

'R EUS P1l8-26 H',

'R BUS ¢€ H',

'R EUS 26 H',

SCAN INPUT=

SCAN REGC bITS=

'AC

'AC

'aC

BACKUP

BACKUP

EACKUP

PEC-01E"

P1E€-25"

08 H'

I

I

|

I

|

I

I

I

I

I

I

l

l

I

I

|

|

I

I

I

I

I

I

I

I

I

|

I

I

|

I

I
I

l

I

I

I

I

|

I

I

I

I

I
|

I

I

I

I

I

I

I

I

'AC BACKUP 26 H'

'AC BACKUP €@ H' to

'AC BACKUP 18 H' to
SCAN CUTPUT= 'DIAC PAS OUT MVL E'

The MVK passive scan path signals are labeled as follows:
SCAN INPUT= 'DIAG PAS OUT MVL H'

SCAN REC BITS= 'F BUS (2 H' to 'F EBUS 15 H',

'F EUS 27 H' to 'F BUS 24 B',
'F BUS P€9-17 H',

'F BUS P27-35 H',

'F EUS 17 H',

' BUS 35 L',

'"AC EACKUP P(C9~-17 H',

'AC BACKUP P28-35 H',

'AC EACKUP 17 ',

'AC BACKUP 35 H',

'AC BACKUP £92 H' to

'AC BACKUP 27 H' to
SCAN CUTPUT= 'DIAG PAS CUT MVR H'

The Active scen path of MVL is compnsed of 22 bits from the MASTER AC
EACKUP ALCDRESS, L REG, and error control bits. 1The signals are
labelea as follows:

SCAN INPUT= 'DIAG ACT CUT ESE H'

SCAN KEC EITS= 'L AC BACKUP @ H' to 'L AC EACKUP 7 H',
'L REG €¢ H' to 'L REC (7 n',
'L REC 18 H' to 'L REC 25 H',
'L REC P£U-£8 H',

'L KEG pPlg-26 H',

'L REG 3¢ H',

'L REC 26 H',

'MVL INPUT ERR L',

'"MVL ALU ERR H',

'MVL OUTPUT ERR H'

'SPARE'
SCAN CUTFUT= 'DIAGC ACT CUT MVL H'

The MVR active scan path signals are labeled

'AC EACKUP 07 H'

'AC EACKUP 25 H'

'AC EACKUP 16 H',

'AC PACKUP 34 H'

as follows:
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SCAN INPUT= 'DIAC ACT CUT MVL H'

SCAN KREC BITS= 'R AC BACKUP @ H' to 'R AC EACKUP 7 H',
'L REG ©9 H' to 'L REG 16 H',

'L REG 27 H' to 'L REC 34 H',

'L REC PP9-17 H',

'L REC P27-35 H',

'"MVR INEUT ERR H',

*MVR ALU ERR H',

'MVR OUTPUT EKRR H',

'SpPAKE!

SCAN CUTPUT= 'DIAC ACT OUT MVR H'

5.8 SHIF1/AC/REG PATH

The SHIFT/AC/REG path is contained on two identical modules, SHL and

SHR. It consists of a 44ns loop through a SHIFT MATRIX, AC sets and

register files, and muxing necessary to route the outputs nof all of

these into either the SHIFT MATRIX or the MOVE/ALU path.

5.% SHIF1 OPERATICN

The SHIF1 MATRIX is a 72 bit input, 25 bit output left shifter with a

max imum shift wvalue of 35 (lepl¢c). It's hi-order input comes from

the X KEG, loaded from the X BUS at CLK 2 gated by not L FARLY 2.

It's lo-order input comes from the Y REG, loaded from the Y EUS at

CLK 2 gated by not L EARLY A. 1The shift output ic available at the Z

MUX 3¢ns after the clocking of the X and Y REGs, at CLK ¢ gated by L

EARLY b.

5.1¢0 REGISTER FILE CPEKATICN

Two 16 word register files are present on SHL and SER (SHL= bits =17

and SHR= bLits 1€-35). These are used as temporary storage files

which are identical in content. The write address is determinec by

control bits 80-83; write timing is determined by L EAPLY. 2 write

will occur in the seconnd or subseqguent cycles if bit 5¢ is on. X REC

KD is controlled by bits 6¢-63 and Y REC RC is contronlled by bits

64-67.

5.11 AC/MASTER AC OFPERATICN

Two copies of the current AC set are kept on SHL and SHR. The X &aC

read port is addressed by bits 32-35 of the EACALC in the last cycle

of an instruction, so that the X MUX may select between the deta of

an AC store in progress <if conflict compare> &nd the output of the X

AC for an operction in the first cycle of the next instruction. c
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The X1 imUX at the ALU will select between a memory operand <if FACALC

is @ memory location> or the X BUS <if RACALC is an AC>, nr E or RF

BUS 1f forwarding from a&a previous cycle's results. The Y AC read

port is addressed by instruction bits 14-17 in the last cycle of an

instruction, so that the Y MUX may select between the data of an AC

store in progress <if conflict compare> and the output of the Y AC

for an operation in the first cycle of the next instruction.

The X AC and Y AC addressing is determined in second and subseaguent

cycles by control bits 8¢~-82.

The MASTER AC set is a 256 word arrey of 126 AC sets and 128

temporary registers., It may read or write every 22ns, &s orpgpnsed to

the current AC sets which may read and write every 22ns.

The adaressing of the MASTER AC set is determined by control bits

8U-€3. Write enable timing 1is ~controlled by L EARLY and STCRE

CCNTKOL. The STEP CITKRS microorder will cause the MASTER 2C to be

read followed by an increment of its 4 lo-nrder bits by 1. Two

increments of one will occur during the 40ns perind containing €TEP

CTKS. One microcycle 1later,under dly control, the copies of the

selected AC set will be written with the deta from the MNASTER AC,

followed by &n update of the AC sets' address +1 <this occurs twice

in the second microcycle>. The 16 words of each 2C set may thus be

loaded at & rate of 1 per 22ns, with the data travelling from the

MASTER AC set through the Z MUX, X MUX, X1 mMUX, R MUX, RF MUX, L MUX,

L1 MUX, and the M MUX.

5.12 ERRUR CONTROL

Parity is generated at the output of the SHIF1 MATKIX. Four rparity

bits are carried with all 36 bit wide data paths of SHL and SHR.

Parity is modified at the L and X MUXes tn compensate for the 1 and 2

bit shifts. Parity checking occurs at the output of the 7 MUX, X

REG, and Y REG.

A parity error at the Z MUX will set R MAC OR Z ERR (for SHR) and L

MaC OR Z ERK (for SHL) et the CLK 1 following the CLK 3 to 7 MUX.

This error condition will a) block the next clock tn the Z MUX, and

b) signal to error control logic et SCA teo stop all system clocks

starting with CLK ¢ 35ns later.

A parity error at X REG or Y REC will set F REC OR 2C FERR (for SHR)

and L REGC CR AC ERR (for SHL) &t the CLK ¢ fnllowing the CLK 2 tn X

AND Y REG. This error condition will a) klock the next clonck tn the

X AND Y RLGs, and b) signal to error control logic at SC2 to stop all

system clocks at CLK £ 2¢ns later.

System reset will reset L1 REC, X REC FILE, Y REC FILE, and Z MUX to

zero with good parity. LError reset will reset the error latches 'MAC

OR 242 EKR' and 'KREG CR 2AC ERR'.
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5.13 DIACNOSTIC INTEREACE

There is no passive scan path on SHL and SHR. The Active scan rpath

OF SHL is composed of 8¢ bits, arranged in

SCAN INPUT=

SCAN REG BITS=

'X REG

'X REG

'X REC

'Y REG

'Y REG

'Y REC

'Y REC

‘DIAC ACT OUT SCA H'

'X REG @0 H' to

PARITY BYTE

g9 H' to 'X

PARITY BYTE

g H' to 'Y

PARITY BYTE

09 H' to 'Y

PARITY BYTE

the fnllowing secuence:

'X REG ¢8& n',

€ H',

REG 17

1l H',

REC €8

C H',

REC 17

1 H',

H',

H',

H',

'MAC REG BIT ©¢ H' to 'MAC REG EIT (8 H',

'MAC REG PAR BYTE (¢ H',

'"MAC REG BIT €¢9 H' to 'MAC REGC EIT 17 H',

'MAC REG PAR BYTE 1 H',

'L2MC¢ REG PAR BYTE ¢ H',

'L2MQ RLG PAK BYTE 1 H',

'L2M¢ REG BIT 17 H' to 'L2MQ REG BIT ¢¢ H',

SCAN OUTFUT= 'DIAC ACT CUT SHL'

The active scan path of SHR is composed of 80 Lkits, arreanged in

following seqguence:

SCAN INPUT=

SCAN

the

'DIAC ACT OUT SHL'

KEG BITS= 'X REGC 18 H' to 'X REC 26 H',

'X REG PARITY BYTE 2 H',

'*X REG 27 H' to 'X REC 35 H',

"X REC PARITY EYTE 3 H',

'Y REG 18 H' to 'Y REC 25 H',

'Y REG PARITY BYTE 2 H',

'Y REGC 27 H' to 'Y REG 35 H',

'Y REG PARITY BYTE 2 H',

'"MAC REG BIT 18 H' to 'MAC REG BRIT 25 H',

'"MAC REG PAK RYTE 2 H',

'"MAC REG BIT 27 H' to 'MAC REC BIT 25 H',

'MAC REG PAK EYTE 23 H',

'L2M¢y REG PAR RYTE 2 H'

'L2M¢ REC PAR BYTE 2 H!

'LZ2MC REC EIT 17 H' to

'DIAC ACT CUT SHR'

ha
dl
 Y
 

-

L2MC REC EIT ¢0 H',

SCAN CUTPUT=

5.14 SHIF1 CONTROL/METERS/ERRCR CONTKCL

The SCA module contains a 1z bit ALU path used for controlling the

SHIF1T MATRIX shift value and floating point exponents. Also on this

module are the accounting meter, interval timer, PI and AFR flags,

Lireline stopping mechanism, and FRU code generation.
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SCAD

5.15 SCAD

The shift control ALU is a 12 bit binary add or subtract function

receiving inputs from J and K MUXes. The output of the ALU is

latched into the SCAD REG which provides the floating point exponent

to the D MUX on the SHL module, and dispatches for branching under

control of the next address switch. The output of the ALU 1is alsn

latched into the SC REGC, which mey be held more than one cycle, and

is used for branching and shift control purposes. The FE MUX
receives inputs from either the ALU or the K MUX, and loads the FE
REG at CLK2 gated by L EARLY A and FE FIELD bit 45 off, BEoth the

SCAD REC and the SC REC are also clocked at CLK2 gated by L EARLY A.

5.16 1MS/16US CLOCK

<TO BE SUPPLIEL>

5.17 INTEKVAL COUN1ER

<TU BE SUPPLIED>

5.18 ACCOUNTING METER

An accounting meter is kept at the SCA module. An 12 bit count is

updated by one of two methods: a) at the last <cycle of an

instruction, the meter is updated by a weighted value from a lookup
table addressed by the instruction code. This value will be greater
for a long instruction than for a short instruction. b) during a

long instruction,iterations of subroutine loops may issue an update
to the accounting meter via an SP FUNCTICON decode 5. The accounting
meter may be turned off (no increments occur) or on (increments

allowed to occur) by SP FUNCTION decodes 2 and 3. The accounting

meter may be loaded or read via FLAC CCNTRCL decodes 15 or 16,

5.19 PIPELINE STOP MECHANISM

A two bit shift reg is serial loaded with the and of LAST CYCLE and L

EAKLY A each cycle. 1If the ERROR STOP latch is set at any CLK]1l time,

the contents of the shift reg (RETRY CCDE) are frozen. A decode of

the retry code determines how many times the PC has sterped since the

error occurred: )

< ”6 .7
P ik
A 0

N0 ‘ I b

12 - N‘N Q~ "(

FJ- 00 : i 1?”
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retry cnde PC

) N+1

1 N+2

2 N+2

3 N+3

To retry starting with instruction N, a trap 1is taken by the

microcode, which causes it to branch on the retry code to a

subroutine issuing a command to the IBOX to ster SEL I back 1, 2, or

3 times, and to reload the PC from the PC EUFFER addressed by SEL I.

Once the ERKORK STGP latch has been set at CLK 1, the system clocks

are stopped at the CLK CTRL module starting with the next CLK (.

5.20 FRU CCDE GENERATION

<TO BE SUPPLIED>

5.21 SCAD ERROR CONTROL

<TO BE SUPPLIED>

5.22 DIACNOSTIC INTERFACE

<TO BE SUPPLIED>

5.23 CONTRCL STORAGE , )

pa‘a* g[ou)
EBCX control storage is located on the ESE and CRA modules. It

contains 102 bits of fast and slow storage, plus the necessary output

decodes and branching controls to operate the EBCX data paths and

initiate operations at IBCX, MECX, and FPA.

5.23.1 KAM ARRAYS

ykxl

Two KAM arrays are present in EBCX control storage: a slow 4K deeg

array capable of cycling in 44ns, and & fast 512 word array which

develops a short micrownrd for control of the first cycle of each

instruction. Each array 1is divided 1into 3 sections, early,

intermediate, and late. Early control bits come from a section 1in

the array that 1is directly powered by either the instruction code
<fast RAMs in first cycle> or by a mux which selects instruction code
or NA BUS <slow KAMs for second and subsequent cycles, respectively>.
All early control bits are clocked at CLK €. Intermediate <control

bits come from a section of the array that is skewed, at the address
inputs and at the latched data outputs, 5 to 1¢ ns 1later than the

2SGY
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early section. All intermediate control bits are clocked at either

CLK 1 or CLK 2, depending upon the timing of the 1logic tn bke

controlled., Late control bits come from a sectinon which is further

skewed by 5 to 10ns. All late control bits are clocked at either CLK

3 or CLK (J, depending the timing of the logic to be contrnlled.

The early, intermediate, and late control bits are deskewed into the

CIL latches, which serve the dual purpose of holding thaet module's

portion ot the microword for parity checking, and providing a scan

path input to the arrays for initial control storage load.

Two additional bits of fast and slow RAMS are 1located on the ESE

module, 162 ana 1¢3. CTL bit 1¢2 may be lnaded independently by the

console and is used as a MAKK bit for diagnostic or troubleshonoting

synchronization purposes. CTL bit 1£3 is a spaere.

All 1¢4 bits are addressable by instruction code for second cycle

operation and next address path for third and subseqguent cycle

oreration., Only 34 bits of fast EAM are wused for first cycle

operation, primerily to control the MOVE/ALU path and the store and

flag setting controls for none cycle instructions. The control bits

which do not have fast RAMs allocated defeult to zerno in the first

cycle. Control bits usable in the first cycle are:

35-36 SP FUNCTIOCN

43-49 X1

56~-51 Y1

52-55 ALU

56-58 CARRY

59 OF1

60-63 Shw

04-67 R

68-69¢ COoMP

76 LAST CYCLE

71-73 STORE CONTROL

74-75 FLAC CCNTROL

78 PARITY

79 L

62 WR MUX

162 MARK

5.24 NEXT ALDDRESS CENERATICN

The NA BUS bits ¢-11 are generated at the CRA module. The value of

this bus is determined by the control bits of the Next 2ddress Field

and the pA SWITCH. 71he NA BUS addresses the slow array fnr contrnl

word readouts starting with the third cycle of an instruction.
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5.25 FLAGS

The 2088 EBOX controls 4 sets of flags: PC, PI, APR, anc STATE. The

eleven PC flags are located on the CRA module, and may be loaded from

bits =12 of the F EUS. They are read intn the next # FIELD @-12

when RD FLACS micro-order is issued.

PC FORMAT

s ST S e BT T B R s s DT B

! ! ! ! ! ! 1 USER! ! ! ! ! 1 NO !

! OV !CRYC!CRY1!ECOV !FPD !USER! IO ! ! I TRP2!TRP1!FCV !DIV !

! ! ! ! ! ! 1PCU ! ! ! ! ! ! !

s et SRR Te T B e =

0 1 2 3 4 5 5 7 8 9 ¢ 11 12

The PI and APR flays are located on the SCA module.

The STATE REG is an 8 bit register of 1independently settable and

resettable flags. STATE REC bits ¢-7 are set ULy # FIELD -7,

respectively, and reset by § FIELD 8-15, respectively, when the LD

STATE micro-order is issued. The STATE REG bits are used to remember

the status of microcode subroutines as portions of an instruction are

completed. They may be read into % FIELD ¢-7 if the RLC FLAGS

micro-order 1is isued. STATE REG bits are primarily used as

dispatches into the NA EBUS 'inder control of the NA ChITCh

v\/O
</lbq L}O ’4

5.26 ERROR CONTROL L/L}} U

Correct parity is stored into the ESE and CRA RAM arrays upon control

storage loading from the consnle. 2s the microwords are reacd out,

the portion of the word contained on each module is checked for odd

rarity (the wearly and intermediate CTL bits are relatched into

registers clocked at the same time as the late CIL bits, so that the

entire fportion may be checked). 1If a parity check occurs, the CTL

bits of that module are held, along with the NA DLY 1latch, which

represents the address of the failing word (if the failure occurrec

in third or subsequent cycle). If a parity error occurs in the first

or second cycle, the console meay read the instruction code of the

failing instruction by stepping back the SEL I in the TROX. The 2314

fast RAMs are parity checked along with zeros (for unused positions)

in the first cycle. A parity error detect will set ESE MICRCCCDE ERR

or CRA MICROCCDE ERR 1latches at CLK 2 following the late CLK ¢

reaaout of a microcycle. These error latches will signal the error

control logic at SCA to stop IBCX, EECX, and FPA system clocks

starting with CLK ¢, 3¢ns later.

System reset will reset all PC flags and STATE REC bits to 0. Error

reset will reset ESE and CRA MICROCCDE ERR latches.

X

4/«/"
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5.27 DIACNCSTIC INTERFACE

The passive scan path of ESE is composed of 2 bits arranged in the

following sequence:

SCAN INPUT= 'DIAG PAS OUT CRA H'

SCAN REG EITS= 'F WR CTL H',

'S wWR C1L H',

'WR MARK BIT H'

SCAN CUTPUT= 'DIAC PAS CUT ESE H'

'F WK CTL' is gated by 'DIAG CMC ENAELE' and enables a write to fast
RAMS to occur with the cycling of system CLKS ¢, 1, 2, and 3 once.

'S WR CIL' is also gated by 'DIAG CMD ENAELE' and enables a write to
slow RAMS to occur with the cycling of system CLKS ¢, 1, 2, and 3
twice. 'WKk MAKK bI1' when gated by "DIAC CMD ENABLE" will cause CTL
bit 162 to be written into fast or slow KAMs as governed by 'F WR CTL
H' and 'S Wh CTL H'.

The active scan path of ESE is composed of 56 Lkits arrenged in the

following sequence:

SCAN INPUT= 'DIAGC ACT CUT CRA H'

SCAN REG EITS= 'CTL EIT 48 IN H' to 'CTL BIT 78 IN BH',

'C1L BIT 1¢2 IN H',

'CTL EIT 7¢ IN H' to 'CTL BRIT 1(¢2 H'

SCAN OUTPUT= 'DIAG ACT CUT ESE H'

Daso 'Soz(v[uuo\,u (f@ ”S&fil/yv\ resct 'amo( "gan @
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CHAPTER 6

IBOX

-\ A

1“JM[ ‘0/4\
6.1 GENEKAL )UQ%waUW .

The 208¢ 1bCX is contained on 3 modules: IPR, IDL, and TAC. The

Frimary purpose of the IBOX is to prefetch from the MECX operands and

other information necessary for the execution of instructinns by the

EBOX, thus eliminating much of the delay penalty usually assnciated

with cache and memory accesses. It serves as the interface Letuween

the EBOX and the MBCX for all memory reads and writes. 2lthonugh the

2080 IbCX prefetches instructions in a fpipeline fashion, it 1is a

microcode «controlled unit, and as such provides much flexibility in

arriving at algorithms which provide maximum throughput with minimum

hardware cost, The TAG system uniqgue to the 2080 allows nmultigle,

simultaneous access of the MBOX by the IBOX withonut the part count or

conflict overhead wusually associated with a hard-wired pipeline

structure,

6.2 MEMORY ADCRESS PATH

The memory address path is located on the IDL and IDR modules. It's

output is the VMA (virtual memory address) bus, a 30 kit bus which is

used for any of four types of accesses: a) program counter to read

mewory, b) instruction stream prefetch to read memory, c) effective

address calculation to read or write memory, and d) direct address,

address+l, or address+2 from EBOX or INDEX AC to read or write

memory.

6.2 INDEX AC

A copry of the current AC set is meintained on IDL and IDR, and is

updated from the L BUS each time the FEECX stores into its current 2C

set or loads a4 new set from the MASTER AC block. This AC set is used

frimarily for EACALCs, where the index reg is added to the Y portion
of the instruction (bits 18-35), according to the algorithm described

on page 1~22 of the hardware reference manual. It is also used for

the memory address determination of the stack instructions PUSH, PCP,
PUSHJ, &and POPRJ.
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6.4 EA ALU

The LA ALU produces a 3¢ bit binary add, add+1, or add+2 1in 22ns.

Duringy instruction stream prefetching, the EA ALU is used as the

incrementer of tlie stream addresses, with the vaelue 1 forced into the

EZz MUx and the output of the stream buffer (via VMA) routed in to the

El MUX. In this mode, with a forced carry in, the FA PLU adds 2 to

the 1instruction address to arrive at the next doubleword instruction

address boundary. Instructions are fetched 2 &t a time from the M

ECX from a single VMA address. The results of the stream update are

stored in the I S1R buffer in addition to being sent teo the M BOX

over the VMA bus. I stream updates by the FA ALU affect only bits

18-35 of the VMA. Eits 6-17 come from the FC. (ohat /s 4&4 A b aé
T indy et A

Wwhen an instruction arrives at the IBUX, @ reuvuest 1is made to the

IPUT microcode to initiate an EACALC. Provided that the IBCX is not

busy with a higher priority request (such as & commend from EECX), it

will initiate an EACALC as a function of the INDEX AC velue end the Y

portion of the instruction. The results of the EACALC may ke stored

in the EA bLUFFER or the PC BUFFER, or may be sent to the VMA bus for

a memory read, to obtain an operand, or a test for page fail of an

address representing a write destination,

The EA ALU is also used to pass an address directly (or +1 onor +2)

from the INDEX AC or from the EECX L BUS to the VMA bus., Following a

read PC command from the EBOX the EA ALU is used as a path for the

EbCX to retrieve the value of the PC (via the VMA bus).

(-

6.5 I STREAM PREFETCH b - o
(40) F}f -

When the PC is loaded after a preset of the IBCX, all bPuffer slots

are empty. The PC will be gated onto the VMA bus tn fetch the first

instruction. This starting PC value will be tested for a lo-orcder

bit. If on, the FA ALU will increment the VMA +1 to get the next

doubleword in the instruction stream. If off, the EA RALU will

increment the VMA +2 to get the next doublewnrd. Fach instruction

address fetched is stored in the I STK BUFFER under a stream &address

A, B, or C. If no jumps are detected in the instructions coming

back, a single stream will be updated, and 1its nmnst recently

addressed location will reside in it's stream buffer word. If & jump

out ot the stream is detected, a second stream 1is c¢reateda, which

starts from the the jump target address, is updeted &nd loeced into

that strean's woru in the E£TR EUFEER.

IPUT (instruction rrefetching unit) Liicroconde controls the
prefetching of up to 3 separate instruction streams. This is

described in greater detail in section 5.3.

o 7

-
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6.6 PC i
¥

The progran counter is ) bit register representing the address of

the (instruction prrior to Yhe instruction in execution at the EECX.

It isupdated at CLK € ¢t @ maximum rate of once per 22ns. The FPC

may be loaded either from the PC buffer, which loads the FC when &

jump occurs, or the PC ALU, which updetes the lo-orcder 18 bits of the

PC by +1 or +2. 'he PC buffer is loaded when an EACALC of a JUMP

instruction is present at the LA MUX, and when the PC 1is wupdated,.

IPUT will honld the EA NMUX until the FEBCX is in & cycle where LAET

CYCLE is not in ©progress, since LAST CYCLE will, wunder direct

hardware control (Last CYCLE and no interrugt present), select the

PKOGGRAM CCUNTER into the FC EUFFER. The PC BUFFER therefore contains

a trace of program execution flow, and may be used for hardware

recovery EUrposes,

6.7 CONEFLIC1T CCHMFARE

The addresses of both instructions and ojerands eé&re subject to

possible writes by the EBCX. Therefonre, indexes are Kkept to

determine whether the 9 lo-order bits nof the VM2 nf a write compare

with any instruction addresses or operand addresses of instructions

or operands in the I buffers. If a compare occurs agéeinst the index,

a reqguest is made to IPUT to refetch the contents of the conflicting

address. Another comparator checks the AC stores &egainst an INDEX

REG index, containing INCEX REG values of &11 I BUFFER entries. 1If a

conflict occurs here, a recuest is made to TPUT tn perform en EACALC

with the new INDEX AC value, and refetch the operand.

IBIX performs not only a lo-order 9 bit conmgpare against the
instruction aadress of memory writes, but also an 1€ bit lo-order

compare against the instruction address of EACALCs resulting from

jump instructions, 1his compare is used by JPUT in determining

whether or not a new stream should be created (if & Jump target

address resides in the I LUFFERS, no new stream is created).

6.8 ERROK CONTRCL

Parity is checked at both inputs of the EA ALU and PC ALU. Parity is

generated at the output of the EA MUX and PC ALU. One bit perity per

Y data bits is carried for bytes 1, 2, and 3 of the memory acdress

path; one parity bit is carried for bits 6-8§ (&ddress byte 7). If

an error has been detected at the L BUS on the MVL or MVR modules,

the write into the INCEX AC will be blocked.
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DIAGNGCSTIC INTERFACE

6.9 DIAGNCSTIC INTERFACE

A passive scan register captures the new PC each time it is updated.

This PC scan reg may be held for console readout of realtime PC

val ues.

6.10 MEMCRY OPERAND PATH

The IBUX prefetches/precalculates the operands associated with all

instructions assigned to the IBCX by IPUT. 1In the case of immediate

operands, the bEA BUFFER will be loaded with the effective address

calculation,and a selection is made in the first cycle of EECX

execution at the OP2 MUX of the immediate wvalue, whether it be

directly from the EA MUX, or from the EA BUFFER. 1In the case of

memory operands, IPUT will, once EACALC has been performed, send the

EACALC to the MbCX via the VMA BUS, along with a tag identifying the

OP BUFFER slot into which returning data will be written. If the

EBOX 1s 1in the wait loop (waiting for operand velid bits) when the

operand arrives at the IBCX from the MBCX, OP2 MUX selects the MD

MUX. If the ofperand wvelid bkit is on (in CP BUFFER), the CP2 MUX

selects the CP LEUFFEK.

6.11 OP BUFFEK

The CP BUFFER is a 16 word register file which @3{6Z£mresents the
contents of the locations addressed by EACALCs of up to 156

instructions, 7The CP BUFFER is read 22ns prior to the start of

execution by the EBCXx and 1is gated on to the COF2 bus if the

instruction does not reqguire an immediste operand (OPZ 1is the 2nd

operand of an instruction, whereas CPl, the word addressed by the AC

field , is the 1lst operand of an instruction).

The GP BUFFEK may be loaded from the MD EUS under contrnl of a

returning tag whose hi-order 3 bits identify an operand fetch or

refetch. It is read by SEL I , a 4 bLit value which identifies the

butfer position of the next instructinn to be executed.

6.12 EA BUFFER & TAG BUFEFER

The EA BUFFER 1S a 16 word register file which 1is 1onaded with the

EACALCs (or in the case of SIACK instructions the address 2AC or AC+1)

of up to 16 instructions., It is written under control of a teg out

of the 1AC EUFFER. The TAG BUFFER is written with the lo-order 4

bits of a returning tag if the 3 hi-order bits of the tag identify an

instruction fetch or refetch (the TAC EUFFER is written by a counter

which is then incremented+l, and read by another counter which also

incremented +1; <counters not eqgual cause a recuest to TPUT microcode

to initiate an EACALC).
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EA BUFFER & 1AC BUFEFEK

The LA BUFFER 1s read by SEL I, 22ns gprior to actual execution of the
instruction in the EbCX. It's output will be gated to the CP2 EUS if
the instruction reqguires an immediate operand.

6.13 ERROR CONTRGL

The CF2 bUS 1s parity checked as it leaves ILCL and IDR. Parity
modification occurs at the ML MUX to correct bad pority coming in
from the MEGX. If parity is bad on the incoming ¥ DATA, & flag |is
stored in the OP BUFFER which will identify the error type to EBOX

error control at the SCA module when and if the instruction is called

up for execution by SEL I.

Another flag is stored in the OP BUFFER signifying a page failure.
This flag, when the CP BUFFER is read to be gated onto the CP2 BUS
will cause a page fail trap to occur (if no interrupts or other
errors exist at last cycle, or if no other errors exist, not at last

cycle).

6.14 DIACNOSTIC INTERFACE

The CP2 BUS has a passive scan register which is clocked every cycle,
and 1s held 1if an error is detected on the bus. The L3 REC, which
may be selected into the ML MUX, the INDEX AC, or the E2 MUX, 1is in
the active scan loog.

6.15 1IBOX COWTROL LOGIC

IBCX control logic consists primerily of JIPUT microcode and 1TAG
controls, IFUT is a 256 word, 22 bit wide control storage for the
IbOXx data paths, The TAG system 1is the methond by which all
instructions, operands, and relazted information are tracked.The
format of the TAG is shown below:
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e m—m———————- fmmm e— - +

! TAC SOURCE ! EUFFER PCSITICN !

fommm fomm——————— ———————————- +

g~2 3-5

Tag source is decoded as follows:

decode source

Instructinn refetch

CP2 (FPA) refetch

OP2 refetch

Operand initial fetch

Instruction fetch stream A

Instruction fetch streem E

Instruction fetch stream C

Instruction fetch ~ initial fill

To initiate the IEOX into a prefetching sequence for instructions
starting at a given PC address, the EBCX must first preset the IBCX

by issuing FLAG CCNTRCL field:1@ end # FIELD 14-17 = &. IPUT will

trap to an address which will vreset all buffer velid bits, the

program counter, PC BUFFER, EA BUFFER, OP BUFFEK, TAG FEUFFER, and

initial fill counter. It will then enter a wait lonol, enabling only

an EbCX command to trap out of it. The EBCX rey then wuse the IBCX

for whatever it wants to do, such as reading memory and setting the

PC. Wwhen the EBCX issues the START command via 1ts FLAG CCNTROL

field:1¢ and § FIELD 14-17 = 15, the IECX will begin prefetching

instructions starting with the PC address (the FBCY¥ rmust weit until
it receives MEOX NOT BUSY before issuing the START commaend, to insure

that all pending IBOX prefetches have completed).

S
N
 
O
O
 
S
 
W
=
D

Following the START, IPUT will issue I/E KEQ TC M, gate the FC onto

the VMA bus, and the initial fill counter »nntno the TAC bus. It will

then update the fill counter +1, update the VMA +1 or +2 (and store

this STREAM address intn the STR EUFFER) ,issue annther I/F REQ TC M,

gate the EA MUX onto the VMA EUS, and the updeted fill counter onto

the TAC BEUS. Each time IPUT repeats this sequence, it will be asking

MECX for two instructions. After reguesting the first 5 instructions

starting with the PC, IPUT will wait for the first two instructions

to return (most probaebly a cache miss), before |proceeding with the

buffer fill ‘operation. B trap request will be made to TPUT when an

incoming 1AG arrives, an indication that the TAC is in the process of

storing MD BUS data into the I BUFFERS. IPUT will steck its previous

address (I WAIT LOCP) end proceed with the FACALC for the first

instruction. It will then issue &n I/F REC TO M, and gete the FACALC

onto the Vm& BUS. A table lonkup addressed by the instruction c¢ode

may indicate that the instruction EACALC is the 2nd ojerand, and &s

sucli would block the memory request. The memory recguest may also be

blocked by an indication from a compare of EACALC results and globel

bit that the 2na operand 1is an AC. The EACALC on the VMZ? is

accompanied by a tag whose source is identified as being en initiel

fetch of an operand (bits ¢~2) into an OP BUFFER position (bits 2-5).
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IPUT will process all LEACALC recuests, and, with no other tragp
requests pending, return to the previous routine where it was
assiygning and prefetching instructions. 2at this time it may branch
to a subroutince which begins a new stream of I fetches, if a jumg o>ut
of the current stream has been detected during the FACALC of received
instructions.

6.16 IPUT

IPUT consists of a 255 word by 32 kit array along with supporting
branch, trap, and decode logic. 1The fields of the IPUT micrownrd are
defined as follows:

EITS NAME

¢-4 INA

5-8 ER

9-10¢ VA

11 ISTR

12 OoP2

13-14 WR

15-16 XR

17-18 El

19-2¢ E2

21 EA CARRY

22-25 SP1]

26-27 S1R

26-3C SRCE

31 P ¢0-31

The INA field determines the next address in conjunction with the EBR
field, provicded that no trap requests are ective. If the EP field
decode 1s {, INA bit ¢ will control next address as follows:

bit ¢ on current IAD (-3 to next IAD (-3
INA field 1-4 to next IAD 4-7

bit ¢ oft INA field 1-4 to next IAD (-3
eCCl to next IAD 4-7

6.16.2 ER <BITS 5-8>

The Bk fileld determines IAL 5-7 if bit £ (INA) is on.



COMPANY CONFIDENTIAL -- Do not duglicate 9-JUL-80

IBCX Page 6-8

IPUT

deconde function

¢ EECX 14-17 to next IAD 4-7

1 return 4-7 to next IAD 4-7

2 £ele to next IAD 4-7

3 current INA ¢-3 to next IAD 4-7

4 Spare

5 £ to next IAD 4, early decode 0-2 to next IAD 5-7

6 gp to next IAD 4-5, HI IFET BR to next IAD 6,

LC IFET BR to next IAL 7

7 g1 to next IALD 4-5, HI IFET BR to next IAD 6,

MEC IFET BK to next IAD 7

1¢ 1 to next IAD 4, HI IFET BER to next IADL £,

MELC IFET ER to next IAD 6, LC IFET ER to next IAD 7

11 prev IALC 4-5 to next IALD 4-5, M Crant to next IAD 6,

SPOF to next IAL 7

12 prev IAD 4-6 to next IAD 24-6, M Crant to next IALC 7

13 sgare

14 l1 to next IAD 4,

stream A, b, C full latches ton next IAD 5-7

15 indirect bit ton next IAD &

early decode instr type to next IAD (-7

as follows:

19 normal EACALC

g1 E2 to EA MUX

10 E2+41 to EA MUX

11 instr= JUMF

16-17 spare

.HL2 VMA <EITS ¢-10>

The VMA field controls the VMA MUX on the IDL and ILCR modules.

The field decndes are as follows:

1P &

LLIT

decode function

) select PC 6~17 to VM2 6-17, select STR MUX

16-35 to VvmMA 18-35
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1 select EA MUX 6~35 to VMA A-35

2 select PC 6~17 to VMA £-17, select PC MUX 1€-35
to VMA 18-35

3 select EA EBUFFER 6~3%5 to VMA 6~-25

6.16.3 ISTK <BIT 11>

The ISTR bit determines the selection of the ISTR MUX as follows:
bit 11 off select ISTH BUFFER 1£~3% tn ISTK 18-35

bit 11 on select IBIX 18-34 tn ISTR 18~34, zero to ISTR 25

6.16.4 CP2 <EIT 12>

The OP2 Lit determines the selection of the COF2 mux, provided that
lst CYCLE control (last cycle delayed) is not on, as follows:

bit 12 off select CP BUFFEK or ML MUX €-35 to CPZ (-35

Lit 12 on select zeros to CP2 (-5, select FA EUFFER
or E2 MUX 6~35 to CF2 5-35

6.16.5 WKk <EI1S 13-14>

The WK field controls write enables into the I BUFFERS according to
the following decondes:

decode function

O no og

1 write to STK BUFFER
2 write to PC BUFFER if JUMP instruction, to

to EA BUFFER if not JUMP instruction
3 write to EA BUFFER

The XR field controls the read address port of the INDEX AC via
selection at the XR MUX, according to the following decodes:

decode function

§) select XR buffer 0-3 to XE MUX ¢-=3 if not T TAC
CTRS EQUAL

1 select XR BEUFFER (-3 addressed by ML MUX 14-17

if I TAG CTRS ECUAL
2 select EBCXx WR MUX (¢-3 to XR MUX -3
3 Sgare



CCMPANY CCNEFIDENTIAL --

1BCX

IPUT

6.16.7 E1 <EITS 17-18>

Do not duplicate 0~-JUL-8¢

Page 6-1¢

The k1 field selects the E1 MUX input to the EA ALU'according to the
following decodes:

decode

)

1

2

3

6.16.8 LE2 <BITS 1¢-2€>

The E2 field determines

decode

w
N
o
—
E

function

VMA 6-35 to E1 6-35

sign extend/global control to El f-17, Y BUFFER

18-35 to E1 18-35

zeros to k1 6-35

force global: zeros from VMA, select VMA to EI

6-17 if not bit 18, force ones to El 5-17 if

bit 18. Select Y RUFFER to E1 18-35

the selection of the E2 MUX as fonllows:

function

L3 6~-35 to E2 6-35

XR 6~-35 to EZ 6-35

zeros to EZ2 6-35

zeros to E2 6-34, not VMA 35 to E2 35

6.16.9 EA CAKRY <BIT 21>

The EA CARRY bit when off causes a carry into bit 35 of the EA ALU.

When on, no carry into 35 occurs.

If bit 22 is off, 23-25 have the following significance:

decode

N
 
o
o
 

w
h
o
e
-

function

no-og

preset IBCX

reset stream A full latch

reset stream E full latch

reset streem C full latch

trap taken (to EBOCX)

return from tragp

select L3 £€-35 to MD (~35

Bit 22 on causes MECX RECUEST. with bit 22 on. 23-25 heve the

followliny significance:
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Eit 23 on EBCX held M CTRL to MEQX

Eit 23 oftf IBCX M CTRL to MBOX

Eits 24-25 function

0 2 word access if VMA even, TAC bit 6= ¢ for

first word, TAC bit 6= 1 for 2nd wnrd

2 word access if VM2 even, second wnrd= OP2

1 word access (P2

l word access CP3W
N

The S1R field identifies the streeam to be updated in the LRU BUFFERS
or in the S1R EUFFLR, according to the following decodes:

decode function

© no LRU update

1 stream 2 update

2 stream E ugpdate

3 stream C update

6.16.12 SRCE <EITS 28-3¢>

The SRCE field determines the selection of the hi-nrder 3 bits of the
TAC, 1identifying the source VMA and destination buffers of the wnrd
beiny prefetched.

decode function

¢ Instruction refetch. Source of VMA is the IBIX slot
with the highest priority compare; destination of

returning instruction is XR BUFFER, Y BUFFEK, AC

EUFFERS, IC EUFFER, and I FLAC BUFIER, addressed by

returning TAGC 3-6.

1 CP3 refetch. Source of VMA is the EA RUFFER addressed
by OF3 compare encode; cestination of returning data
is CP3K and FLAC BUFFER in the FPA addressed by retirning
TAC 3-6.
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2 OP2 refetch. Source nf VMA is the EA BUFFER addressed

by CP2 compare encode. Tag source is the QP2 comfpare

encode; cdestination of returning data is the OP BUFFER,

FLAG EUFFER, and OP3L in the FPA, addressed by returning

TAG 3-6.

3 Operand initial fetch. Source of the VMA is the EA MUX.

TAG source is TAG BUFFER (delayed), addressed by TAG

BUFFER LRU. Destination of returning data is the CP BUFFER,

FLAC BUFFER, and OP3L in the FPA, addressed by returning

TAG 3-5.

4 Instruction fetch stream A. Source of the VMA is the EA MUX.

TAG source is the stream A LRU. Destination of returning

instruction is XR BUFFER, Y BUFFER, AC BUFFERS, IC RUFFER,

and FLAC BUFFER, addressed by returning TAC 3-5.

5 Instruction fetch stream E. Source of the VMA is the EA MUX.

TAG source is the stream E LRU. Destination of returning

instruction is XR BUFFER, Y BUFFER, AC BUFFERS, IC BRUFFER,

and FLAG BUFFER, addressed by returning TAC 3-5.

6 Instruction fetch stream C. Source of the VMA is the EA MUX.

TAG source is the stream C LRU. Destination of returning

instruction is XR BUFFER, Y BUFFER, 2C BUFFERS, IC BUFFER,

and FLAG BUFFER, addressed by returning TAC 3-5.

7 Instruction fetch - initial fill. Source of the VMA is

the PC (if first fetch after PC 1oad) or EAMUX (from

a stream update). Source of TAG is the initial fill

counter. Destination of returning instruction is

XR BUFFER, Y BUFFER, AC BUFFERS, IC BUFFER, and FLAC

BEUFFER, addressed by returning TAGC 3-6.

6.16.13 P 0-31 <BIT 31>

Eit 31 causes odd parity to occur on bits ¢-31 of the IPUT micrownrd.

6.17 STREAM LRU

Three stream LRU buffers are 1located on the TAG module. Each

consists of a 16X4 register file, a read port counter, and & write

port counter. The counters are initialized to zero at IROX preset.

The I BUFFERS are divided into 8 slots, each representing two

instructions which are adjacent to each other in virtual memory and

aligned to a doubleword boundary. Following preset, the 1st 8

instruction prefetches have their TAGs assigned by the initial fill

counter, a ® tno 7 binary counter, When the initiel f£fill counter

reaches a count of 7, the 2, B, and C full latches are set. From

this point on, TAG assignment for instruction |frefetches 1is under

4;

UQWfi%U%SQUUw}&
)’\. /@
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control of the A, B, and C LRU BUFFLRE.

During initial fill, the S1TR field of IPUT will cause an jupdate of
the write port counter for the selected stream when a TAC With SRCE=7

is sent out. Wwhen control is turned onver to the LRU PBURFERS, the

read port counter for each active stream points to the least recently

tilled SLOT position. IPUT will stop prefetching once 211|SLOTS have

been filled and a JUMP compare to & 1location in dBIX has been

detected., it mey continue prefetching into the least recently filled

location if no JUMP within the IBIX has occurred.IPUT selects the

stream to be jprefetched based on JUMP detects of returning

instructions and Jjunp successful/not successful of currently

executing instructions., JUMP detects of returning instructions will

cause JPUT to create a new stream if the JUMP is out of IEIX.

Execution of a JUMP instructinn will cause cancellation of the stream

not taken and reset of the respective stream full latch.

The § slots are divided among the three LRU systems. For exemgle,

stream A may be allocated 3 slots, streeam E (cdue ton detect of a JUMP

out) may be allocated 2 slots, and stream C (due tn detect nf a 2nd

JUMP out) may be allocated the remaining 3 slots. E&lot assignment

would look like this:

R ittt $mmmm————— e +

! STR A ! STR B ! STK C !

ittt pmmmm—— - i +

TAG 3-5

DECCDE= ) 1 2 3 4 5 6 7

Now let's suppose a JUMP has been executed, in which the executinn

went from stream A to stream F. The streem A full latch is reset,

thus opening slots ¢, 1, and 2. IPUT branches to a subroutine which

allows it to fill stream E and stream C. Stream E's LRU read

counter=¢g and LRU write counter=2., »As IPUT gones tn fetch into stream

E it increments stream E's write counter to 3 and essigns to it & TAC

from the STK A LRU, and increments stream 2's read counter, Slot

assignment will now look like this:

e pmm——————— e +

PSTRES STR A ! STR B ! STk C !

R e e ———— e +

G 1 Z 3 4 5 5 7

The difference between a stream's read and write counters is eqgual to

the number of slots assigned to it. The sum of the differences will

always add up to the value of the 1initial fill counter. In the

manner cdescribed above, 2 LRU systems may share a common buffer

space, with one disglacing another based upon the flow of program

execution,
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6.16 AC ADDRLSS, IC LUFFERS

A returning 1 TAC will load the verious 1 EUFFERS with the segments

of the instruction. Among these are the AC ADDRESS BUFFERS, 2 pairs

of 16X4 register files which are loaded with bits 9-12 and 32-35 of

thhe instruction. Prior to the first cycle of execution in the ERBCX,

the AC BUFFER pairs will be read out, with one of a pair addressed by

the 1AG identifying the buffer position of the next secuential

instruction, and the other of a pair addressed by the TAC identifying

the buffer position of the skip or jump target. Skip/jump successful

from the instruction in execution will select either the next

sequential or Jjump/skip AC address to be sent to the EECX.

The IC BUFFEK is a pair of 16X92 register files, loaded by & returning

I 1TAG by the same controls that load the AC EUFFERS. The dupliceate

sets contain bits ¢-8 of the instructinn, and ere read and selected

in the same way that the AC BUFFERS are read and selected. The

selected IC is sent to the EBCX at the CLK 1 prior to the first cycle

of execution, and directly address fast ISET and ESET RAMS to set up

first cycle controls, and also directly address the slower control

RAM array for second cycle control. Another copy of the IC is sent

to the SCA module where the accounting®meter may be updated according

to the instruction type.

6.19 ISET

ISET is an 8 bit lookup table which provides first cycle controls to

IBOX and EBOX. ISET is similar to ESET in that it is addressed by

the instruction code. Since it is located on the same mndule a&s the

IC BUFFERS, it is able to provide control earlier than ESET (CLK 3 of

LAST CYCLE). ISET control fields are defined as fnllows:

bits field timing

0-2 skip/jumg late (CLK2 1lst cycle)

3 X1 disable early (CLK2 lest cycle)

4 Yl disable early (CLK3 last cycle)

5-6 OP MUX ctrl early (CLK3 last cycle)

7 P

6.19.1 SKIP/JUMP <EITS (€-2>

The SKIP/JUMP field controls skip or Jjump determination from the

compare results of the AND function at the MVL and MVR modules

according to the following decodes:
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gecode function

no skip/jump

skip/jump if less

skip/Jjump if eqguel

skip/jump if less than or equal

skip/ junmg

skip/jump if greater than or equal

skigp/jump if not ecqual

skip/jump if greaterN
S
O

W
N
 
S

6.1%.2 X1 DISABLE <EIT 3>

The X1 DISABLE bit, when on, forces zeros to the X1 MUX et the MVL

and MVR modules during the first cycle. When the X1 DISZAELE bit is

off or EBCX is not in first cycle, X1 MUX falls under control of the

Xl tield.

*

6.19.3 Y1 DISAELE <EI1T 4>

The Y1 DISAELE bit, when on, forces zeros to the Y1 MUX at the MVL

and MVR modules during the first cycle. Wwhen the Y1 DISABLE bit is

off or EbBCX is not in first cycle, Yl MUX falls under control of the

Y1 fiela.

©.19.4 COP MUX <EITS 5-6>

The CP MUX controls the CP2 MUX of IDL and IDR to gete the correct

operand onto the CF2 BUS in the first cycle. It overrides the CP2

fielc of IPUT whenever the LAS1 CYCLE micro-order is issued Ly the

EBUX.

kit 5 off OFZ MUX under bit A& control

bit 5 on zeros to bits =17 of COP2 MUX

bit 6 off select CF BUFIER or MDD NMUX to CP2

Lit 6 on select E2 BUFFER or EA MUX to CP2

£.19.5 P <bIT 7>

The P bit of ISET causes odd parity to occur for bits (-7 of the ISFET

control word.
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6.20 INSTRUCTION VALID BITS

As described earlier, multiple prefetches from the MBOX may be in
progyress at any one time. Once IPUT has sent a TAC out with a VMA

address, it relinquishes contrnl over that fetch., The returning TAC
itself controls the loading of I BUFFERS with incoming memory data.

It is possible that TACs will return in a different secuence than
they were originated, if a cache miss occurs, for prefetches may also
be made from cache while another fetch from mein memory is going on.

The IBOX valid bit algorithm insures that the operands that the EBCX

receives for it's first cycle are correct.

Three count buffers are maintained which contain a 2 bit count of the

total number of fetches pending for each I BUFFER pnsition. Counts

are kept of instruction fetches, initial memory ogperand fetches
(OF2), and additional memory operand fetches (OP3). A count of ]
indicates that a single prefetch is pending for the buffer position
into which it is stored. A count of more than 1 indicates that one

or more refetch requests due to write conflicts have been initiated

against that buffer position., Counts are incremented when TAGs are

sent out, are decremented when TAGs are received. At most, two TAGsS

may be outstanding for a buffer pnsition, given that the meximum rate

at which 1AGs may be sent is 1 per 44ns, and cache access = 88ns. A

count of 3 will set an error latch.

1f a cache miss occurs against a buffer positinn, refetch recguests

for that position are blocked until data returns from main memory
accompanied by that position's TAG. However, fetches for all other

positions are still allowed.

The instruction is valid if:

count=¢ for instruction

and

count=2 for CP2 if OP2 needed

and

count=0 for CF3 if CP3 needed

and

no instr., CP2, or CP3 refetch recuest latch set for SEL I

and

SEL I assigned a valid stream
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6.21 SELLCTED I CCNTKRGLS

The SEL I is & 4 bit velue thet addresses the CP2, EA. and PC
buffers auring the 1last cycle of one instruction in order to have
operanas availeble to the EBCX, an address aveileble to the MECX, and
a jump target address available to the PC, for the first cycle of the
next instruction. It comes from the SI MUX, whose inputs are the
NEXT I bUFFER, the JUMP I BUFFER, and the SI REG.

The NEXT I BUFFER is a 16X4 reg file read by SEL I to provide the the—"
position in the I BUFFERS containing the next secuential instruction
to be executed. The JUMF I BUFFER is also a 16X4 reg file read by

SEL I to provide the the possible jump or skip target position in the
I BUFFERS which mey contain the next instruction if a skip or jump is
taken,

As each 1 TAG is sent to the M ECX to prefetch an instruction, it is
fed into one of three pipes, depending upon the STR field deconde.
Bach pipe, 4 bits wide and 3 stages long, appears as a dynemic window
of the I BUFFER positions of three secuential instructions for its
stream. Thus, the first stage represents a g¢given instruction, the

Secona stlage represents the next seqguential instruction, and the

third stage represents the following, or skip target, instructinn.
by aadressing the NEXT I and JUMP I BUFFERS with the first stage, the
second stage can be written (as data in) into the NEXT I EUFFER, and

the third staege can be written into the JUMP I EUFFER (initially as a
skip target). Later, when the EACALC is performed for any JUMP
instruction, the encode from an IBIX compare is written into the JUMP
I BUFFER addressed by the 1AG BUFLER delayed (the buffer position of
the instruction performing the EACALC).

In the manner described above, JRSTE (jump always) is executed by the
ILOX &as part of its EEL 1 process, and does not appear in the
instruction execution flow at the FBEOX, unless two JRSTES in & row
occur. PDosa ;k %;7 fn%f: Pe ELL{¢LA 77

Two valid bits are maintained, one each for the JUMP I and NEXT I
EUFFERS, to indicste those positions which IPUT was not able to send
& 1AG out to fetch the target instruction., This may occur if all
slots are full and there is a jump within the I BUFFERS, or if a VMA
regquest has not been granted by the MECX. If the EBCX comes to the
point in execution where it needs an instruction that has nnot been
assigned & 1AG (e€.g.,NEXT I is not velid, and new SFEL I= NEXT 1),
1PUT takes & high priority trap and begins assigning new entries by
LRU, starting with the instruction reqguired by the previnus SEL I.

6.22 INDEX REG CONTRCLS

The INDEX REG is & 16X4 content addressable memory which c¢ontains
bits 14~17 of all instructions prefetched into the IBCX. 2 comfpare
of it's contents occurs with every write to the current AC set; an
INDEX REG compare will initiate & new FACALC for the instruction,
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followed by an operand fetch, if necessary. As in instruction and

operand conflict comfpares, more than one simultaneous conflict will

be taken via jpriority encoder. The INDEX REG is used in the EACALC

to address the INDEX AC for the X portion of the calculation.

6.23 ERROR CONTROL

Parity from mMD MUX 9-~12 and 32-35 to form a parity bit for the AC

ADDRESS BUFEERS; byte 0 parity from the MC MUX is carried with the

instruction code. Parity is generated for TAGC bits ¢-5 as they exit

the 1TAG module for the M ECX. Parity is checked at the instruction

code and AC address readouts, at the TAG input (returning from M), at

ISE1 readout, and at IPUT control wnrd readout.

6.24 [CIAGNOSTIC INTERFACE

IBOX control logic active scan path includes the TAC REC, IPUT REG,

NS REG and JS REG, the 3 next instruction pipes, DI REC (valid bit

count buffer write address), CM REG (updated +1 count), 1TAC EBUFFER

delay, and INDEX AC write address REG.

IbCX control logic passive scan path consists of the ALD REC (which

addresses IPUT and ISE1), the data load REG of the EARLY DECCDE ARRAY

(the lookup which provides information vregarding the instruction,

suchh as EACALC= JUMP target, write pretest required, memory operand

read required, and skip/jump probable), and the write enables to

IPUT, ISE1,and the EAKRLY DECGDE ARRAY.
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7.7 POST NORMALIZATION

<TC BE SUPPLI1EC AT A LATER DATE>

7.6 ERKOK CONTKOL
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7.9 DIAGNOSTIC INTEREFACE

<TO bE SUPPLIED AT A LATER DATE>

7.1¢ MULTIPLY ARKAY
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7.11 AC COPIES
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7.12 PAKTIAL PRODUCT GENERATICN

<TC BE SUPPLIED AT A LATER DATE>

7.13 FULL PRODUCT GENERATION

<TO BE SUPPLIED AT A LATER DATE>

7.14 DI1VIDE PATH

<TC BE SUPPLIED AT A LATER DATE>

7.15 MCODULO 3 RESIDUE CHECKING

<TO BE SUPPLIED AT A LATER DATE>
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8.1 INTRODUCTICN

Ihe 2080 mMbox is composed of three principal functional units, the
deéta anc page table cache, an integrated memnry control &nd the I1/0

box interface.

8.2 1ECHNCLOCY

The 2086 ribox will occupy five extended llex multivwire 1odules., It
will use 1GuwK ECL logic and 1K¥4 and 2856XZ2 rpennries, peckaged in 24
Fin dips. Ten pin &ip terminator packages provide 55 ohm resistors
and -2v decougling capacitnrs.

€.2 MBbCX FUNCTIUNS AND FEATURES

l. Pipelined design

2. high bandwidth

3. ©Single or double word fetch

4. Integrated mennry controller

5. 81%2 word data cache,

6. ECC on cache

7. 1,0 thru the cache

8. 25 kit physiceal niemory address N T
M o)
)

9! T

. Ikicrocontroller design
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6.4 PRINCIPLE OF CPERATION

The Mbox combines microcoded <ceontrollers with smell amounts of

contrnl logic to realize high speed with & mininum of unchecked

control logic. high performence is achieved using pipelined design,

106K 1ogic, and operations such as "fetch under miss", and dnuble

word fetch.

8.5 CAChE DESCRIPTION

The Z08¢ cache consists of a page table cache and a dats cache. The

oryanization of the page table and data cache are very similar to the

kll¢, the main difference being the 1increased size of both 2000

caches. In the 2¢8¢ mbox, I/0 memory operations access the cache

before going to main memory. If a reed operation finds its data in

cache then that data 1is returned tn the I/0 device, otherwise a

request 1s maae to main nemory. krite operations also check the

cache first and will invalidate any locations which mratch the

referenced address. hrites are olways oone to mein memory and never

write data into the cache. ] LJJ 3

3 . ~ » 00 %

€.5.1 Page Table Cach / o v
K

Tne page table cache is ég)words long, 1 way assonciative, and has 2 1
wora block size. Each entry in the tebXe consists of an valid bit,

user bit, 3 page state bits, (12 bit d'Lscfig?D, and a 16 kit fghysicel
bage number (PPN). In the KL1¢, only the paging operations for

TCFS-20 paging were controlled by the Ebox microcode. In the 2£200

Mbox, all paging is controlled by the Ebox. Page table ceche refill

time is reduced (from the KL1€) with the use of a cache of section

pointer entries. The section jointer cacle will ke accessed and

controlled by the Ebox microcode and it will use part of the Fbox

scratch memory. Since the virtual address has exyanded tn 27 bLits

plus "User", the directory for the paging cache, plus the fphysical

Lage entry now total 33 bits. No refill algorithm is implemented in

the Mbox, and &ll paging cache misses or access control vinlatinns

are reported to the EBCX. As in TCFS-2{¢ peging on the KL1(, the Ebnx

must be &able to follow the approjpriate (TOPS-1¢ or TCFE~-2¢)

algorithm, and write the faging cache, without restarting the

instruction,
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SeH5ez Data Cache /

The data cache contains 8K words long, 15(2 way set associative) has
& 4 word block size, end is physically addressed. “The data cache is

organlized in 4 quadrants of 2K words each. Fach cuadrant consists of
2 sets of 1K rams which are interleaved and can be reed in perallel
to achieve double wora fetch. The 208¢ mbox achieves high
fFerformance thru botin high bendwidth and high hit rate. To achieve a
bandwidth of 50 megawords/sec., eech cache quadrant contains twn
independent sets of rams, which can be cycled concurrently to rroduce
words £ and 1, every 4(Cns.The exjected hit rate ,with a Jdete coache

size of 8K words,is 98% . 1In order to utilize an 9K cache it is
necessary to convert the cpu virtual addresses to physical, which

requires cycling the tpeging cache in series with the deta cache.
this incure & swell penalty in eccess time (1(-1% ne) which is ninre

than cowmpensated Lor in higher bendwidth and hit rete. The physicel

adaress size has been expended from 22 bits to necessitating
an increase in the size of the cache directory FramT3 to 1A kits nf

Fhysical page number. An autonomous cache sweeper is included, whick

will be invoked by the same instruction as in the KLI1C(.

6.6 MICRC MACLINES DESCKRIEFTIONS

rost of the functions of the Mbox ere contrelled by twos micre
machines. There is & swall amount of hardwired control logic which
is required to speed up certain opcrations.,

8.6.1 Data bMover Imicro

Tue Lata Mover micrn deals with data trensfers between nein nmennry,
I/G , and the date ceche. The LCata Mover contains an interface tn
these thiree units , & 16 word register file used s & general purgpnse
butfer, &and the ECC generator cnd checker. The ricrn cycle time is
2bns, however sowme operations sucl as menory dete transfers and 1,0
Eox operations which take 4(ns to complete but use one 20ns micro
cycle per operation can be interleaveu in the Late “Mover, by using
elternate 2¢ns micro cycles. Fach intcrface contains its own stote
register which is updated by the Latoe Mover and is alen uscd tn form
the micro oddress for sowe operetions. 1he principal functinne are
the following.

.6.1.1 main Memory -

%fi“‘*
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MICKC MACHINES DEECKIFTICNS

8.6.1.1.1 Kead Return - The memory contrnller reqguests a data mover

cycle n ticks before a nemory array sends cdata back to the Mbox.

Since the memory controller has highest (priority, the next nmicro

cycle services the memory request. In servicing the memory recuest,

the data mover loads & word from the memory bus ct the end of a 4€ns

memory bus transfer, does an ECC cycle, enc stores the word in the

Data Mover and Cache register files. ‘“his <seqguence 1is repeated 3

more times, regardless of the number of words in the original

request., The tag associated with this reqguest indicates the

auestination of the data; 1,/0 box, cache refill, onr CPU. In the cease

of an I/0 return, the data mnover calls an I/0 box return subroutine

within the data niover which sends the 1/4 wonrds to the I/C box. This

operation may be initieted befonre the read return 1is complete and

could be interleaved with it. 1In either of the other twn cases the

uata mover must reqguest a cache nmicrn cycle. The <cache micrn then

returns the appropriate word(s) tn the Ibox end writes the four wnrd

block into the dgata cache.

6.6.1.1.2 Write Start - At the begining of e Main memory write

cycle, the memory controller reqguests & datse mover cycle. 2 tag

assocliated with the request indicates the buffer 1locatinn in the

register file from which to tske tlhe date. The cdata mover then

executes a 20ns cycle to fetch word zero of the block end 1loed it

into the memory data register. The data mover then either pauses or

services an I/0 or cache request in the next 20ns cycle. Three more

of these 4Lns jperiods are rejpeeted , regardless of the number of

words actually written.

8.6.1.2 1I/0 Transfers -

de€.1l.2.1 Keaa Cycle - The 1/0 box requests & cycle Lty asserting

mbox request, which is sampled by a flip flop &t the mbox every 2¢ns.

The data mover micro will service the recuest when there are nn

higher requests active. The micro cycle will check the Mbox address

and data queues as well as the state of the 1,0 interface and if all

are 1in the approjpriate condition will then assert Mbox grant for 4¢ns

to the 1/0 box. &2t the end of a 4¢ns cycle, the data mover loads the

1/0 box C/A word into location xy of the register file and dispatches

on the I/0 request qgualifiers. For & read cycle, the dispatch cycle

reserves an entry in both the address and deta cueues, and reqguests a

cache micro cycle. 1The 1/C interface will nnt service annther 1/C

request until the cache micro has accepted the previnus read cycle.

Once the cache micro has accepted the read cycle, the I1/0 interface

then waits for a cache return or memory return to bring back the

data, however it msy service other I/C recuests in the interim,
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B.6.1.2.2 Write Cycle - The 1I/0 box recuest end C/2 cycle are

handled just as 1in a read cycle however the dispatching is delayed

until the one or four words are loaded into the register file. Mbnx

grant 1s asserted for &n additinnal 2 or 5 4fns cycles in order ton

load the one or four words. When the last word is 1oaded the date

mover then requests a ceche micro cycle end as in & read cycle will

not service another I/0 request until the previous write is accepted

by the cache micro.

b.0.1.3 Cache (ycles -

€.6.1.23.1 Cycles ‘1o Cache - Cycles directed to the cache are the 1/0

read/write or memory daeta return as described previously., In these

cases the Data Mover need only send a recguest signal to the Cache

micro, as the remaining information ( edcdress, cycle type, end deta

words ) have already been written in the ceche micro register file by

the data niover.

ebele3.2 Cycles From Ceche - The céecle micro recucsts the dete

nover to load date into the register ftile for an I1/C ceche hit, cache

writeback, or LCC cycle.

8.6.2 Cache WMicro

The caclie micro hendles externally gencrated recuests such as Ibnx orv

1/0 (passeu on the the deta mover ), internally generated recuests

such as writebacks, refills, sweeprs, pager clesrs, and elso queues

requests to the memory controller. This micro interfaces to the

Ibox, the Data Mover, and the memory controller, The basic micro

cycle time is 2¢ns, however most ojperatinns take multiple cycles. A

major cycle can be started every 4¢ns and generally teke 2Cns to

complete.lThe micro also contains & 16 word register file, which is

only written by the Data Mover and therefore always contains the

identicel date as the Date Mover register file.

bebozol Ibox Keterences -~
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8.6.2.1.1 Ree&ad Cycles - In a typical orperation, the 1Ibox wnuld

request a cycle one tick (2¢ ns) ahead of when its VMA register will

be loaded. The Mbox controller would issue a grant signel, "“MBCY

GRANT" which will csuse the Ibox VMA to be gated onto the VMA bus,

ana the cycle~-type 1information from the Ibox to Lke examined.

Assuming & virtual read request was issued, the controller would

allow adequate time for the various paging and cache comparisnns, and

ECC <checks to stebilize. At such time, 1if all conditinons were

successful, the data and check bits would eppear on the Nbox output

lines, and & signal would be supplied to the Ibox indicating it can

froceed., LCuring the last tick of the major cycle, arbitratinn would

take place to award the next cycle.

If the desired word were not in the cache, the Mbox contreoller would

retreive it from main memory. Memory recuests will in general be 4

word requests, as in the KL1#. If some nf the words are not needed

in the <cache, the Mbox will discard them. Wwhen data finally comes

back from memory, the Mbox returns it to the 1Ibox along with Mbox

response and a teg indicating the Ibox source and register file

location to store the data. The Mbnx contronller will then proceed to

write the received words into the cache.

8.6.2.1.2 Wwrite Cycles -~

8.7 DETAILED IECX INTERFACE DESCRIPTIONS

8.7.1 Ibox virtual Feterences

reads and writes:

The following are the signals passed between the Ibox and the Mbox

for virtual (paged) read and write references.

* Note: physical references use the same interface signals as the

virtuael vreference signals with the coxception of the items narked

below with an asterisk.

. fiJ/When & reference is nmade ky the Ibox with jpegingy turned off but d H%
witnout FHYS REF assertec, the virtual reference VMA EUS formet is [{fl,Afl
still used. /

l. * 1box - "PHYS KEF" (physical reference) false.

2. * Ibox - "VMA EUS" as per figure 3.1. These enable clecking

of sub perts of the VMA EUS.

3. Ibox - VMA bus parity - four parity bits over parts of the

field.
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lo.

11.

l12.

13.

14,

15.

16.

17.

18.

Ibox - "KEALD" - Asserted on or before VMA and Mbox recguest.

Ibox - "WKITE" - Asserted on or before VMA and Mbox recuest,

Ibox - "2 WORD" - indicates Ibox is requesting 2 consecutive
words Legining at an even word location. Asserted on or
before Mbox request,

* Ibox -~ “WRITE TEST" -~ Mbox will test legelity of a write
before doing &any function. This signal is guaranteed to
only be asserted on virtual references. The Mbox will do a
write test if and only if this signal is asserted.

Ibox -~ "MBOX RECUEST" - This will be zsserted not more than
one Mbox clock tick before the VM2 is vslid. ReGuest tygpe
signals such as "PHYS REF", "KEAD", "INTERLOCK", or "WRITE
TEST" will be asserted on or before Mbox recuest time.,

Ibox - "EBOX DATA" - 36 bits of data plus ECC check bits, 42
bits total. It must be velid at most one Mbox tick after
"MEOX RECUEST".

Ibox - "LOCK" - Look in the cache for this reference. (If a
virtual reference, the Mbox ands "LOCK" with PT cecheable,)

Ibox - "LCAD" - Loa&d new data into the cache. Lnook must be
true. (If a wvirtual reference, the Mbox ands "LCOK" and
"LOAL" with PT cacheable.)

Ibox - "INTERLOCK" - Recuests are only interlocked if
"INTERLCCK" is true

Ibox - "WRITE LCATA VALID" - Asserted by Ebox when the data
being written is &svailable at the Elox Date Cut Lines.

Ibox - "ABORT MBCX CYCLE" (2s in KLIC AC Ref) This may &bLe
asserted at almost any tinme during any cycle. FException
cases will be specified later. Tt will alsn be used by the
Ebox to clear a page fail state.

Mbox - "MBGX GRANT" - indicates to Ibmsx that Mbox is
servicing current Ibox recuest.

Mbox - "MBCX DATA" - 36 bits of date plus ECC check bits, 43
bits total. vVvelid when "MEOX RESPONSE" true,

Mbox - "MBCX RESPONSE" - On write : Mbonx received write
data. Cn read; Data aveileble at output latch.

Mbox - "PACE FAIL"TM - This signal is the catch all for most
exception conditions including Fage table access failures,
ECC errors and NXM traps. The following conditions result
in page fail:
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(L/} 4. ECC or perity error.
4 : L/‘ 

.

Jfi;if}(bk/15° NXM (Non-existant memory) error.
‘6. Incomplete memory cycle.(xflwd‘cjaLo iéJJ

\ }/‘V\JJI/V\ .

XPA} 7. C&1 updete

O
1. * Page Table cache no match. H ‘)L,& o .7

0 N
i Y

“ 2. * Page table write &ccess failure. bea .*#fl(
) ( ‘\’;*LT§ 0\3. * pPage teble Written stete trensition. Cfiflk

15. Mbox - Five or six bit problem type code that indicates the

type of failure for the above sources of page failure. This

problem type code will be used by the Ebox microconde to

dispatch to the appropriate service routine. References

which receive a page fail will not get anlMbox resgonse.

Figure 8.1

vid bus Virtual EKeference Eormet

e 4 5 5 17 18 26 27 35
§ o e e o = - — - - . " —— i A A —— - _— — - —_— T - ———————— - ———— {

Ivust !} Vvirtual ! Virtual ! Virtual !

! be 1U! Section ! Page ! Line !

lzero [ ! ! !
} o o v = - —————_——— - —— - - — - > — - —T—n A - e - - — - !

$.7.2 Ebox Fhysical References_

reads/writes:

* Note: fphysical references use the same interface signals as the

virtual reference signals with the exception of the items nerked

above with an asterisk.

All others above plus the following aeprly.

1. 1Ibox - "physical Reference" true

2. 1Ibox - ViMA bus as per figure 8.2 below,.
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Figure 8.2

VMA bus Physicel Keference Format

% 8 9,11 17 18 25 27 3tR e T T ------_-—---_----_-__------: --------------- ! é:fg
I Must ! 21{; -2
! be Physical 2ddress ! 0. ?
leero [ v/
=- S-————A T T T e e !

rdk}flj<% 7
4

. Y2 . . 78.7.3 Ebox Fage Tlable And PT Dlrec%flfly,Read freciel Functinn, éfi#& ‘
W jo

Page table read supplies the (Eage table address) on bits 17 to 25 of
the VMA EUS. Eoth the page table and the pade table directory Cdata
are returned on the MECX DATA lines in the format specified by figure
8.3 below.

Figure 8.3

Page lable Cache KRead/krite Enormat

9] 4 56 17 20 35
! ................................. e !

! Accessliu! Page ! ! Physical page number !
! state 1§} table ! !
! bits Ik! directory ! ! 11 ~ 26 !
! 'Kl 6 - 17 tod !
|

§.7.4 Lbox Page flable And PT Cirectory Lrite Special Function,

The Ebox supplies the rage table address nn bits 17 to 25 nf the VM2
BUS. llie data for the specified page table entry and the rage table
directory entry is supplied on the FEOX DATA CUT lines with the
tormat of figure 8.3 above.

8.7.5 Sweelr Functions

Sweel speclial tunctions will consist of & signal “"SWEEP REFERENCE"
resentea to the pMbox with two or nore gualifiers; one from group 1
below and one or both from group 2 below:

“ 
N



—
—
—
 
e
 
v
 
S
 
—
 
—
—
 
—
—
 
—
—
 
—
 
T
 
m
—
—
 
—
—
 
—
 
v
 
S
t
 
-
 
S
 
—
 
—

 
G
 
—
—
 
—
—
 
—
—
—
 
—
 
a
n
—
—
 

—
—
—
 
—
 
—
 
—
—
 
e
t

 
S
—
 
A
—
 
A
 
S
—
 
—

 
—
 
—

 
—
 
—
 
—

CCHEFANY CONFIDENTIAL -- Do not duplicete

Ibox

DETAI

intertace

LED IBCX INTERFACE LDESCRIPTIONS

¢~-JUL-8¢

Page 2-

Do we need any cache sweeping other than "all peges"? X

Grougp

Group

8.8

To be

g.8.1

l..

l. Sweep one word

2. Sweep one four word

3. ©Sweep one page

4. Sweep all pages

2-

1. Invalidaete cache

2. Validate memory

block

PE1AILED CACHE FUNCTICNAL DESCRIPTION

Suppliea.

Cache SweeLs

Cache sweeps will be done by the cache microcontroller,

signi ficantly faster than the KL1¢@ eand will continue

run asynchronously to and in parallel with the Ibox.

8.8.2 Cache Writeback/refill

1(

They will be

to be able to
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8.9 DETAILED PAGE 1ABLE FUNCTIONAL DESCRIPTION

All of the required state information for access of a rage will Dbe
encodea into three bits, This includes the states inveolving the
access, writable, modified, cacheasble and writeback conditions in the
PT directory. They were to be encoded into three bits (eight states
total) as follows:

l. Page Not in hardwere PT (not valid)

2. Not cacheable, not writeable

3. Not cacheable, writeable, not written

4. Not cacheable, writeable, written

5. Cacheable, not writeable

6. Cacheable, writeable, not written

7. Cacheable, writeable, written

Do we need "cacheable" &s a page state ?

A fourth bit which is independent of the above states, would indicate
that a CST update is needed on next refill of the page table.

A fifth bit which is independent of the above states, ("keep me
around") would indicate that this location should not be cleared on
an ordinary pager clear. An unconditional pager clear would override
this bit and clear all entries,

[More Details to be supplied.)

8.10 FUNCTIONS NO1 PERFCRMELD BY THE MEOX

8.16.1 All Handling Cf The UBR/EBR

The UBR/EER is kept in a scratch pad by the FEbox. It is solely
responsible for their maintenance., ) »

" - W1BX Casit o L2 A AIZ{/ Us

€.16.2 The Map Instruction,

The Map instruction will be implemented in the microcode by tracing
through page tables in memory. There 1is no Mbox assistance and
therefore, it will be slower than in the KL1(.

\

\
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8.16.3 Sbus LCiag Functions

Sbus Diag function is not required since the consnle 1is responsible
for configuring main memory.

8.11 PERF CRMANCE

8.11.1 Cverall Coal And Committment

The yoal for the 2089 Mbox is for a cache access time of 8¢

nanoseconds.

7
g

2.11.2 Page Table

The page table hit rate will be somewhat better than the 1¢ for an

eguivalent software environment in that there are Cirectory

entries versus 128 in the KL10. This will somewhat conunteract the

effects of the increased number of sections used by software. Page

table clears will be done by the cache micro, Entries will be

cleared 4 words at a time, every 44ns resulting in a complete clear

of the 1K entries in 1llus.

8.11.3 Section PEointer Cache

The section pointer cache is provided and controlled by the Ebonx

microcode wusing the Ebox's scratch RAM. [See Ebox functional

specification.]
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€.12 I/0 INTERFACE

The LData Mover micro handles the interface to the 1/0 box (NMbus), on
& timeshared basis along with handling the cache micre interface and
memory arrey interface. ‘1he deta mover contains a state register fonr
tlie Mbus interface. The data mover handles all of the handshaking
and deta transfers with the Mbus. 2as described in chapter 1, the
cata mover reqguests cache cycles for the Mbus transactions and the
Caclie micro in turn reguests main memory cycles when recuired.

The I/0-Box arbitrates the bus priority conflicts so that only one
request signal and one grant signel are necesséary between the M-Rox
and I/0~Box. The I/0-Box uses the rising edge onf MCLKT tno strobe
data into or out of the multi-port rem circuits that ere used as
synchronizing buftfers,.

The following 50 signals constitute the MEUS:

FO<O: 35> - This 1s & bidirectional permory Lata bus. Note thet KECOS
Is the rost siygnificent kit while MD<3S> is the least significant.

P - This is & single odd garity bit thet incdicates the parity of ~349//
the data word &ccompanying it. WNote: This is Farity on the MO word
only. No other transaction information is tested for rarity.

MI<Y:3> - This 1s the four bit identification merker that is used to
identify the source or destination of data in the event of inter-
leaved data transactions, This is a cdirect cory of the 11TL-Fus TAC
bits.

C CYC - This bit is used to indicate a Commend/lddress cycle. The
deta present in MDKE:35> is identified as Commend/2ddress information
when this bit is set. This bit is never sent fram the M~Eox to &
PCRT,

D CYC - This kit is used to indicate a Pata cycle. The deta [present
in MmD<E:35> is identified as Lata only when this bit is set. This
Eit is present with every transaction from the M-Eox tn the I/0~-Bnox.

MCLK = This signal is cerived from the waster oscilleétor that is
distributea through out the machine. This signal is inverted tn
provide ¢ strobe signzl for the ph~Bas €edge triggered flip-flogs.
Lata output to the Fbox is synchronized to the leading edge of MCLK.
bError information pertaining to the cycle immeciately preceding the
current cycle is presented with the leading edge of this <ignal.

MEKE( = This signel reguests that the MN-Eox service the I1/0-Rox.
MEREC 1s generatea by the 1/0-Box only when an entire TTL-Rus
transaction is complete (i.e. there are either twn wnrds or five
word of intormation esvailable in the Meus Euffer nn the I/O-on) The
M-Bus is always grented for twn cycles and is extended an edaitional
three cycles when a mnultiple word trensfer is identified.
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MEG ~ This signal is a greant from the M~Box to the 1I/0~BEox, It

enables the I/0-Box to drive the MD<A:35> on the next rising edge of

MCLKT.

MEAULT - This signal is a signal that is wused to regresent the

detection of a parity error on the previous transaction. The MT bits

are not checked for the proper address informetion.

MEACK -

MUNCOK -

1/0 Box Fuall - this signal is used to indicate to the M-Box that the

1/0-box resident buffers are full and that no further transfers from

the M~Box to the I/0-Box should be performed until it is negeted.
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koA .M.P. FEATURES

8el3 Kol .M.F. FEATURES

.13.1 General

I

I

I

|

|

I

I

I
| All wajor buses between the Fbox modules contain parity check bit(s).
| Parity 1is generated/checked going off each module and is checked
| &gain on the receiving module within a few getes, Perity is checked
| &t the data input to all rams before they are written. The control
| rawms for &ll of the micro machines are a2lso [rarity checkecd,
I

I

I

I

I

I

I

I

d.13.2 Cache pemory

The page table has e parity check, while the cache directory and the
data cache have BLCC. When accessing the cache, & parity error in the
Lage table generates a page fail condition for the IMnnitor to

Il _correct. A single bit error in the cache directory nr the deta cache
[ are autometically corrected end the csyndrome, address, and date are

saved for use by the system. It has been agreed that in order to
avolu & perlormence hit, aouble bit error detection in the cache
Girectory ana the data cache will not be implemented.

.13.3 Mos mMerory

I

|

I

I

I

I

l

I
| Lach memory array koard is organized as 512K words by 22 bits. Each
| read access to & word of memory produces 44 bits of data from the two
| array boaras, with each 22 bit half word including ¢ parity bit for
| that healf wora. Each write to Imemory also generates 44 hbits
| organized as two sets of 22 bits, with half word parity in each set.
| On read cycles the 44 Lits are sent to the Cata bover, where the healf
| word parities are checked and the FCC is reconfited. Single bit
| errors are corrected and operation is continued. Double bit errors
| are detected and a trap is generated. Upon nCCuUrrence »f a daetected
| error , the &ddress, deta, and syndrome of the failing occess are
| latched in & register which is accessible to théfEZE?Z?T?@”E?stex
| 

.

I

|
I

I

I

|

I

I

I

for
error wonitoring. [cuccessive single bit errors déstr saflier cdate
Storea in the latch so that nonly the last error is aveilable in the
latch.CN occurrence of a double bit error, the error information is
storea in the latch, and further single bit errors are corrected but
not recorued.[ A trap to the operating system is also cenerated and a
resetting action frow the nmonitor is required before single bit:
errors can be recorded again.If & second double bLit errnr occurs
after one has been latched, but before resetting the latch, a trap tn
the console is generated. 1he trap on Couble error can be disabled,
but whoever runs with trap disabled deserves what he gets.

fik,%fl

as’

éflfifl
P(&m

4

Comeolr
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§.13.4 LError handlin \ ’ 7
o\i &%dxin QA Ef(ov‘éék» Ca/w+'Cfi“5€J9 do *hflg‘
The proposed method to maintain single error statistics in the main

wemory and the «cache is to have the monitor periodically check the

error registers. 1In the case of a stuck bit in the cache Cirectory

r dGata cache , the monitor can disable the quarter of the cache

where the error has occurred until the fault 1is serviced. This

provides for degraded operation of the system. Stuck bits on non

ECC'd memories such as control rams or page table are failures where

the system recuires service before operation cen be continued.

Moreover, double bit errors are undetectable in non ECC'd memnries.

£.13.4.1 Adaress Parity - On the detection of an adcdress parity

error on a main memory write cycle the contronller will disable the

write enable signal to the arrays, thus forcing the MCE rams to deo 2

read operation rather than a write. This grevents overwriting the

wrong location. The normal reaction 1is toc_Zufomztically rett

write operation & 2nd time in the event the IST error was

intermittent. If that is not successful the Mbox saves the failing

aduress and data and sets an address crror fleqg.

8.13.5 Error Logging

All uncorrectable errors will be reported to the Fbnx nmicrocode by

means of an page fail.

Error state information will be latched in registers where

arrlicable.

Snould the Mbox mmicrocode have a "logout" area in main memnry where

it puts intormetion for the use of the monitor?

The Muox microcode may implement error retry for selected faoult

concitinns (other than correcteble ECC errors).

}\o w :7 0
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el INTRCDUC1TION

The 2080 memory is composed of three Frincipel functional units; the
hicwor'y arrays,the wemory control aond interface, and the nemory bus
repeater.,

Ce2 TECHLNCLGCGCY

The 208C ncrory arrcy will OCCuURy two to sixtecn Extended Hex
nultileyer nmouules., It will use 1ULK ECL lngic tn interface to the
memory bus cnd 564K MCS rems for storage.

Ye3 JUVERVIEW

The 26CC wein memory achieves a low cost, simple fast, pipelined
desiyn utilizing micro-programmed contvollers and existing
technoloyy; +5V G4K NMCS KAM, CK ECL and 748 IC's. 1he ypipelined
adesiyn is necessary to Support the high memory bLendvidth recaired by
the 2L&C Ibox &na 1/C system. The main memory is tightly coupled to
the CFU due to the close rhysicel proximity of the erray hnerds cnd
the nienory controller which is integratecd into the Mbox design,

gr

1¢

G.4 FUNCTIUNALIYY

9.4.1 COrgenizaetion

The two mejor components of the memory are the contrnller and the
atlfay IL.odules, The controller is integreted into the Mbox &nd
consists of 2 functional units; the sdcdress Cuzuye unit whichk cacues
b requests wna starts cycles, two independent timing netwnrks which
krovice RAS, CAS, etc. to the arrays, , &nc the TLeta PMover gnit
which handles data transfers to and fronm rennry, The dete mover nit
also perforns data transfers for the I/C interfece ond the cache.
bach &rray module 1is organized as 512K x 22 bits and each pair of
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array boards constitutes a memory bank. A bank is subdivided into a
lower and upper section of 256K words each which can be cycled

independently. A bank can service two independent 4 word cycles
which are staggered by 240 ns. A bank contains a four word data

buffer, two independent timing buffer registers and refresh logic for
use curing battery backup.

77
9.4.2 Cycles ;Y

The memory executes 3 types of ¢ es; refresh, read and write.
Refresh cycles are covered in . & read or write cycle ties up
a section of 256K words for 4¢@gns, the cycle time of the 64K RAMS,
To improve the memory bandwidth, the controller is able to overlap
cycles in different 256K sections by starting a cycle every 24€ns,

Of the 4 combinations of "in Lrogress" and "next" read or write
cycle, all can be overlapped except the case of "read 1in progress"”

followed by "next write", This is due to a potential conflict of

read and write data on the common set of data 1lines on the memory

array backpanel,

9.5 ARRAY ALCDRESSING

In order to provide for flexibility in dealing with larger memories
in the future, which will be provided thru a memory bus repeater and

or eventual use of the 256k MOS RAM, the memory controller

incorporates a mapping RAM. This RKAM maps address bit 11-16 of a
memory address into one of 16 banks. In addition to the bank number,

the mapping RAM also selects upper or lower section in the bank and
an interleave mode bit. The memory backpanel 1in the basic system

contains 3 banks. The system is designed to accommodate 1 bus

repeater whose backpanel accommodates 8 more banks. This mapping FAM

allows 64K or 256K RAM modules to be plugged intn any bank and

interleaving may be set up individually on each bank.

9.6 REFRESH

The array board operates in two refresh modes, 1local and system.

Local mode 1is in effect during battery backup operation or occurs

whenever a refresh cycle signal has not been received for greater

than 25 micro- sec. In local refresh mnde, each array board

generates all of its refresh signals; refresh request, RAS timing,
and refresh address. Refresh address is always supplied by the array

board for either a local or system refresh. System refresh mode |is

in effect during normal operation when DC power is ok. 1he memory

controller generates a refresh cycle request every 16 U sec and

provides a RAS signal to the array. In the event that Mbox clocks

are stopped, the array would switch over to local refresh mode in
about 32 U sec. Wwhen Mbox clocks are turned back on, the system must
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wait 32 U sec before attempting to use memory in order for the
refresh circuitry to synchronize.

9.7 (QUEUES

The Mbox contains an 8 word address queue and a 15 word data gueue in
oruer to Kkeep track of fgpipelined operations. Fach cueue has a
pointer to the head and a pointer to the tail. New informetion 1is
added to the tail of the respective gueue and the pointer is
incremented by one. As a request is serviced the head of the «gueue
pointer is incremented by one. These queues could provide some
amount of past history in the event of a machine error. Since old
requests in the (ueues are never cleared but only overwritten when
the location is reused, the consnle could examine 211 the entries 1in
the queues and retrieve the past n requests which had not been
overwritten. In the case the queues are full with rending recuests
there mey be no usefull information of past recuests.,
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Y.8 ARKAY INTERFACE

The 2080 storage array interface consists of 127 signals.

MGS DATA <gp:42> H

MOS ALCR <16:33> L

MCS KR7 <> EN H

MOS ARRAY <G:7> EN H

MCS SLOT DATA <g:1> H

POWER OK <@> H

mCS CLK <@:8> H

mMCs TIM A RASU H

RAS1 H

CASEg H

CaAS1l H

WE {f H

WKk 1 H

ENK SEL AE

BENK SEL Al

BUS S1 A@

BUS &1 Al

BUS CLK Ag

BUS CLK Al

MCS TIM E RASL H

RAS]1 H

CASC H

Casl H

WkE H

WK1 H

ENK SEL Af

ENK SEL Al

EUS S1 A@

Eus 51 Al

EUS CLK Af

EUS CLK Al

9.9 PEKLE CRMANCE

4,9.1 Access Time

The read access time seen by the Ibox measured from the time it

clocks an address to the Mbox until it clocks data back intn batch is

42¢ns for the 1st word and 56¢ns for the 4th word. The read access

time seen by the 1/0 box measured from the time it clncks a Conmend

Address word to the Mbox until it clocks data back into is 280ns for

the 1st word and 520ns for the 4th word.
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9.9.2 Cycle Time

The cycle time for either a read or write cycle is 1g¢ns for
successive cycles to the same bank. However, cycles to different
banks may be started every 24¢ns.

Successive cycles of the same type can be started every 24pns which
results in a transfer rate of 16 megawords/sec . Successive cycles
of alternate type can be started every 220ns which results in a
transfer rate of 12 megawnrds/sec .

9.1¢ SIZE

9.1¢.1 64K Part

The basic memory system, using 54K RAM parts, provides memory sizes
from 512K to 4€96K words, 1in increments of 512K words. Use of a
lnemory bus repeater would double the capacity given above tn 8102K

words,

9.1C.2 256K Part

The advent of the 256K RAM part will quadruple the above caracity. &2
basic system would provide 2£48K to 16384K words in increments of
2048K words. The repeater doubles this to a meximum of 22768K which
is the 1limit of implemented physical memory address space. The
memory bus repeater and 256K RAM are not committed products but are
means of extending memory capacity at a future date if recuired.

C.l16.3 16K Part

The memory system can also sccommodate 16k parts in the event there
is a problem with availability of 64K parts. 1In this case the meriory
sizes would be 128K to 1£24K words in increments of 128K words. Use
of & memory bus repeater would double the cagpacity above ton 27028K
words,
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g.16.4 Mixed Parts

systems which have a mixture of 64K modules and 255K mndules are

allowed with no restrictions of which banks contain 54K or 255K
modules,

9.11 INITIALIZATICN

Each time the machine powers up, the console must go thru an

initialization routine to determine which banks contain mremory

modules , what size the arrays are, and ensure that bank contains

modules. Eank ¢ module slots are wired up to provide far end memory

bus terminators. Each memory array module asserts a true high
backpanel signal when it is selected. Different backpanel pins are

used for the 64K and 256K part. All of the left half word (00-17)

banks have the 64K size pins bused together, the 256K size pins bused

together and the corresponding thing is done for the right halfword

(1£-35) banks. 'lThe memory controller then sees 4 signals; left helf

64K, left half 255K, right half 64K, right half 255K. The console

must cause the memory control to address each bank and record the

number and types of arreays present.

Y.12 KECONFICURATION

©.13 DIAGNOSTIC EFEATURES

9.13.1 Arrays

The selected array checks address parity and returns an error

indication to the nmenory controller. Arrays do not check data

parity.

$.13.2 Controller

9.14 POWER REQUIREMENTS

9.1% BAT1ERY EACKUP

9.16 ERROR HANDLING
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I0 SUBSYSTEM

l.1 DEEINITION GF TERMS

The following list attempts to concisely define some of the terms

used in this specification.

"CCMMAND" - A block of data, generally used to sugply control
functions tn either the FCRTS or the PCRT DEIVELS.

"KRESPUNSE" ~ A PCRT S$7A1US message to the 2(80 ECORT DRIVER which
consists of several 2080 words e¢ssembled and chained

into & KESPONSE CUEUE" by the 2{&y PCKT.

"PACKE1" - The form in which data is pessed over to the PORT. This
is basicly a string of bytes.

"CCNTROL MESSACE PACKEL" - A PACKET whickh contains a "CCMMAND"
directec to either the 208¢ PORT or to a remote FORT.

"MESSACE PACKE1" - A FACKE1 which contains a "COMMANLD" directed to &
RCST CPU.

"DATA PACKET" - A FACKET which contains data to te routed tn a nemed
memory buffer in & HCST CFPU.

"2080 PORT" - A microprocessor based hardware port that interfoces to
the ICBUS and to EUS ADAPTERS.

“PURT DRIVER" A software package in 4 ECST CFU which exercises
control over both local end remote FORTS.

"QUBUE ENTRY" - A fixed length memory field (12 278¢ words long)
whicli is linked into a QUEUE CHAIN.

"QUEUE CLAIKN" A chain of CUEUE ENTRIES.

"hHOST" - An intelligent MEMORY/CEU combination.

"CI BUS" - A high speed serial line bus whicli interconnects BCSTS.
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"PLI" ~ Port to Link Interface.

"PCE" - PORT CCNTROL BLOCK

"DMA" DIREClT MEMGRY ACCESS

"EDT" - BUFFER DESCRIPTOR TABLE

"ED" - BUFFER DESCKIPTCR

"KCB" - REGISTEK CCNTKOL ELOCK

"ISW" ~ INTERRUPT STATUS WCRD

n IWV "

INTERRUPT VECTGR WCKE

"10bUS" - bus that connects IUBUS PUORTS to 200( LiCriory.

"BUS ALAPTLR" - Hardware which interfaces 208¢ PORTS to corporate and
industry wide buses (ICCS, IEM CHAN, UNIEUS).

le.2 GOALS 2ND STRATEGY

10.2.1 GCALS

We perceive the goals of the I/C Subsystem to be as follows:

1. Provide comirunications,herdcopy,disc and tape functionality
apkropriate to a system with 2.5 to 1 times KL1C
throughput.

2. Provide the ability to connect new devices and interconnect
which are part of the corgorate interconnect Frogram (e.q.
CI bus, NI bus, HSC50, MERCURY) &s well as some current 205¢
reripherals (e.g. DN2ys, RPEGs, TU72s).

3. Provide sufficient mass storage bendwidth to handle reak
demands on the I/0 subsystem,

4. Provide the necessary consnle functionality to support the
system maintenance philosophy.

5. PLlesign the I/0 subsystem so that it is extensible. That is,
Frovide the capability of adding future device interfaces in
a cost/effective wey.

6. Meet all of the above gnals on schedule in the most
cost/effective way.



—
 
—
 
—
 
—
 
—
 
—

 
o
—
 
—
—

COmPANY COWEIDENTIAL -- Do not cuplicete *~-JUL-8(
IO SULLSYSTLER 

Face 1(0-3
CUOALL ANML STRATLCY

l6.2.2 STKATECY

"ErRIMAKY NLELS" are those necds whickh neec cnst/effective snluytinnsg
(l.€.; gesiyn center needs). "U"EECCNDARY NEFLDS"TM are those which
need solutions but not necessarily the most cost/effective sonlutinns,
An exawmple of & primery need that was recognized on the ¥L-1r
broject, was tie need for a Cheap end fast primery remnnry system.
lhe OCLUS/PMAZL was the solution to this need. 2 secondery nced
recognlzed on the KL-1C project, was thke need to interfcce to
eListing newnries (i.e.; FEIC's). AN CFUS - KINC rem bus acdapter
Called the LMAZ{ was the solution to this seconadary need. Listed
below are the PRIMAKY and SECCNCALY NLELS are for the 200 1/0
subsysten.

PRIMZIRY NWNEELLS

l. Frovide ¢ PASSELS bused tepe and cCisk subsysten to &llow ¢
customer to retain some of his investment in MACSSEUS
keripherels end cllow Ligital to leverage nur developnment by
uSing exlisting MASSEUS software.

2. Allow for connectinn of Li2r hardware to cnable o s;month
transition to FLRCURY based communicatinns subeystens

3. Froviuc ¢ connection to the LSCE( Cisc subsysterni. The FSCS(
is the nnly way we héve to talk to the letest cec Cisce

4. Provise & higyh speec inter-computer cennmuanicstions 1ink.
Thiils is needed to Sujport the faull corygnrate
multi-processing scheme.

S. Provisce & connection to the MERCURY comriunicetinns
subsystem, HMERCURY 1s the next generation I'nor, In nieny
configurctione it should be more coc<t/effective than CNDC.

€. Proviue & connectionn to hiigh jerformence tepes, ond hiakh
density «d<disc dJdrives. Systems over 2 1ips will need 2400
Fbytes and greater disc storade alonna with fast reliahle
tape systems to do Lack-up.

f
\

k.

SECCMDALY WNEELS

1. Crowth path for KL-10 customers. Car custnmers recalize that
PHr o nal generation conputers nust be optinized areund new
techinologies in order [or LEC to comrete, Tt ig therefore
reesonckble to characterize this nced cs & secondary need
(l.e.; the LwaZy exalple ebove).
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Z. A bLéeck=ap to the hLEC-52 and MERCURY, in case there 1s &

serinus schiedule slip. Fack-up stretegies are SECONDARY

NEELS by definition,

Listed below are the options we are currently designing tn nmneet the

primary necus. 1hese options arc optimizecd tno meet these needs,

1. A PCR1/MEL combination thet will enabl e s tn telk to

current MASSEUS devices,

2. A PCRT/UBA combination that will eneble us to interféece to

thhe LiN2¢ herdware using protocols similer to those plenned

for MEKCURY.

3. A POKI/LINK optinn that &llows us to communicate over the

1CCL. 1his «connects us up to the HECSH( end MEFCURY in the

only wey possible at the current time., ICCS alesn provicdes a

high-speed chiannel tno channel connectinn for loosely coupled

nulti precessing.

4., A PORT/IEM EMUY CHANNEL option thet allows nus to talk to

high fperformsnce tapes and 855¢ high density c¢isc drives

(51C £65C crives).

1.3 1CEUS PORTS ANL BUS ALAFPTERS

kefer to figure S.1u

10.3.1 1/0 POKIS

16.2.1.1 [,0 FOK'Y tunctionelity ~ ‘The 1/0 PCR1TE grovice the

following tunctionality:

l. FProvides &an 10 nicro jprocessor optimized for block

transters,

2. Supponrts e softweare port cdriver whose crchitecture 1isg

similar to the VAX Cl1 port architectare,

3. Supports the (I EUS vie en CI LINK module which cen connect

to the front-end of the port,.

q. Supports an 1BM 260/37¢ CHANNEL EUE vie en TEM CHANNEL BUS

module which cen connect to the front-end of the port,

5. Supports a UNIBUS vie & UNIRUE ZCAFTER module which ceéen

connect to the front-end »f the port.
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6.

16.3.1.2

rate of

Supports the MASEBUS via a MASSBUS ALCAPTER module which can
connect to the front-end of the port.

Supports four different data rpacking modes cduring data
transfers; INDUSTRY COMFATIBLE, CCRE DUMF, and FEIGH

DPENSITY, 7 EIT ACSCII.

106 EbBCX/MECX

/I\

I

I

| | ........... - ————— = " ———— -~ _— o o= o - — = — = -

| ICBCX | 2¢-4¢ Npgcbyte/sec (RAVW) IOEUS
| __________ |..-. ........ i -~ = = o = — = = = — = —— = — o = o v

| CONSCLE | I I | I
---------- I | | I

I I I I I I
I I I I | I

ClY KLINIK =~=---== @ —ceeee e mmemaa

I | | | | I | CUSTCM]
| POKT | | PORT | | PORT | I I

I | I I | | | INTERF|

| I I I
LINK | LINK | I |
EUS | EUS | LINE | I

| | EUS I I

ICI | | IBM | | UBA |

| I I | | I
| LINK | | CLAN | I |

I l I
CI I IBNV | UNIFUS |

EUS | CHAN | |

| BEUS | |

| I I

I | !
6 ME/SEC 2ME/SEC 2~-3NME/SEC

Figure 5.1¢

I/0 PORT Performance - Each I/0 PORT can sustain & transfer
g to 6 ME/SEC.
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1#.3.1.3 1I/0 PORT Physical Characteristics - Fach I1/0 PORT will fit
on a single extended hex module.

16.3.1.4 IOBUS PORT CONTROL STATUS RECISTER - This register conntronls
the software operation of the port. The register contains enables
and wvalid bits for the queues and event flegs for interrupt
generation. All bits except PHE are read/write.

oegwoell1111111112222222222331321733
45067¢€¢6123455789¢122324567¢e0¢¢g12234°T5

IPIPIPIPIPIPIP!P! II'RIFVEFIMIP] ICICICICIQIQIQIo! ¢+ 1 1t 1 1TITIIP!
INININININENINSND 1T0QIQIQISIHL 1QIQIQIQ!IVIVIVIV!Y ! 1 1 | 'EIN!F!
1716151413121110!0 ICIALAYELELE! JAIAVALAI31211001 1 1 1 1 11 |
ey VoL or 1312111pr v L L Ty

I=l=-1-1-1-1 f=l=l=l-1=-1-1-1 e !
e e e R e R E B T PN o oS ) R I Sy gy DUy gty g Py B DU B R S S

All bits marked with an asterisk (*) are in the INTERRUPT SOURCE WCRD
(ISW).

BITS <4:11>: POK1 NUMBER (PN<7:£>) = The ICCS node number of this
Port. The number is a function of dip the positison
of dip switches on the module. These Lits are read
only.

Bit <13>: INIT COMPLETE (ITC) = A Port initializatinn has been
completed.

BIT <14>: KESPONSE CUEUE AVAILARLE (RCA) = Indicates thet the Port
has inserted an entry on an empty Fesponse (Queue.

BIT <15>: FREE QUEUE AVAILAELE (FCA) = Indicates that the Lort hes
Flaced an entry on an empty Free (ueue.

EIT <16>: FREE CUEUE EMFE1Y (FQE) = A free gueue entry was recuired
for processing and was not aveilakle. Processing of
incoming packets 1is halted until entries become
available. Command queue processing continues.

BIT <17>: MEMCRY SYS1EM ERROR (MSE) = This is a flag tn 1indicate
that a memory error was detected on a 2080 remory
access. The errors are Nonexistent Memory (NXM) and
Memory Error (ME).

BIT <18>: PORT HARDWARE ERROR (PHE) = INclusive "CR" of the LSPE and
CSPE bits of the MCSK. This bit 1is cleared by
hardware INIT (MCSR<COQS>=1. EIT <20¢-23>: CCMMANL
QUEUE AVAILABLE (CQA<3:¢> = Indicates that an entry
has been inserted in the specified Commend gqueue by
the Port or the Host., CCA is set by the Eort or the
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Host at the time of insertion of the command and

cleared by the Port during the interlocked Pemcue

operation if the queue is found to be empty.

BIT <24:27>: QUEUE VALID (QV<3:£>) = Indicates that the specified

gqueue is valid to use. This is the mechenism used to

halt processing on a command queue. (QV is set by the

Host to a&allow processing and is cleared by the host

to halt grocessing of the queue., @V is also cleared

by the Fort to halt command queune processing if an

error in command execution occurs with the B bit set

in the command.

EIT <33>: INTERRUPT ENABLE (IE) = Enable 1interrupts on flegs &and

errors. This bit causes the 20878 tn he interrupted.

EIT <34>: POR1 ENABLE (PE) = Disables the processing of 1incoming

messages. Set and cleared by the Host,

lp.3.2 bUS ALCAPTERS

There are four types of bus adapters that interface to the 1/0 BUS

PORTS ; an CI LINK, A MAESBUS ALCAFPTER, an IEM CHANNEL RUS, and a

UNIBUS ALAPTERK.

l¢.3.2.1 CI LINK - The CI LINK provides the interface to the
Corporate CI bBUS. The CI is a contentinn-ecrbitrated, bit serial (7¢

mbits/sec), packet switched bus. Contention and protocnl overhead
reduce the effective data bandwidth to approx 6 nbytes/sec. The CI
Link consists of two modules. One module is a packet buffer. The
other module is called the LINK module. The LINK module is being
designed by LDistributed Systems in Tewksbury.

l19.3.2.2 1IbBM CHANNEL BUS - The IEM CHANNEL BUS ADAPTER Erovicdes the
interface to a 1BM 368/37¢0 block Multiplexor Channel Eus. fTransfer
rates of 2 Mbytes/S:c should be achievable acrnss two subchannels.
The IBM CHANNEL BUS ADAPTER will be packaged on a single extended hex
module,
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16.3.2.3 UNIBUS ADAPTER -~ The UNIBUS ALCAPTER provides the interface

to the UNIBUS. Transfer rates of 1.29% Mbytes/sec should be

achievable. 1he UBA can be programmed as the UNIBUS master (i.e.;

202¢ UbA) or UNIBUS slave (i.e.; DTE2(). Current plans support all

devices using a front-end PDP-11. 1If there are no agplications for

the UNIBUS aaapter to operate as the UNIBUS master, this feature may

be aeleted.

The UNIBUS APAPTER will be packaged on a single extended hex module.

l1¢.4 1I/0 SUBSYSTEM INTERFACE TC CPU AND MEMCRY

19.4.1 1I/0 SUBSYS1EM INTERFACE TC THE CPU

Control informstion is passed between the I/0 PORTS &nd the EECX vie

cached memory locations called "mailboxes" in the I0 rpeage. 2

mechanism will exist that will enable the FBCX to signal the I/0 BUS

POKT (ring doorbell). Upon seeing the doorbell an I/0 PCRT will read

its' mailbox to pick up a command word and other control information.

Control registers in the I/0 PORT are read and written via the

mailbox. This eliminates the need for READ I/C and WRITE 1/0

operations and thus simplifies the I/0 POR1 interface to the rest of

the system. I/0 registers existing in I/0 CONTRCLLERS (i.e.; on the

UNIEUS, in an IBM CCNTKCOL UNIT) céan alsn be accessed via command

packets placed on an 1/0 PORT command cgueue.

Each I/0 POKT will have a connectinn to 7 interrupt lines (one 1line

for each of seven interrupt levels) aoing tn the FBRCOX. Upon

receiving an 1/0 PORT interrupt non one of these seven lines, the FECX

will broadcast a PI Level to all interrupting ports. Thet port which

is interrupting on the broadcasted level will recuest the ICBUS and

write a word (or words) called the Interrupt Source word into the IC

rFage which will identify the port (i.e.; slot nuuber), the reason

for the interrupt, and an interrupt vector.

A total of 14 lines connect the EbCX with the 1/0 PCRT.

PI LINES <1:7> Each port connects tn each nne of these seven lines.

When a port wishes to interrupt on a

particular PI Level it will vyank on the

appropriate PI LINF.

STAKT SELECT <8:16> These three lines are used to select a fport or

are used to broadcast & PFI Level.

RING <11> when this line is asserted, the port selected by the FPOR1

SELECT 1lines will read & loncation in the 10

page., This is a "DOORBELL" operation.

RESE1 <12> when this line is asserted, the port selected by the PCRT

SELECT lines will reset itself.
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EROALCAST <13> when this 1line 1is asserted, all ports that are

interrupting will look at the number on the

PORT SELEC1 lines. 1If that number is equal

to the FI Level that the pgpnrt is

interrupting on it will do a memory write to

a specified 1I0C page location and write its

IC and interrupt status,

bLUSY <14> The port will assert EUSY in response to a DOCREELL or

BRKOADCAST with & match on the S1TAET SFLECT

lines. EUSY will become unasserted when the
port has completed ell memory references

required for the DOORBELL or BEROADCZST.

The "KREGISTER ACCESS BLOCK" is an 8 word block which provices an 1/0
port with the «control and date needeéd to do register reads end

writes. In adaition, there is room in the eight worcé block for the

port to store relevant status when it interrupts the cyu. there is &

"KEGISTER ACCESS ELOCK" for each I/0 PORT in the machine (total onf

elyht).
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word name description

{ OPCCLCE/IOALR E1ts <(:2> contain a command.
formet is:

ne=0 nog

D=1 valid command

Dl=1 read

r2=1 write

D23=1 bitset

Ca=1 bitclr

Eits <18:35> cnntain the

i/o address of the register

tno be read/written.

1 DATA For a register write, this
word contains the data to bLe

written., For a register bit

modification, this word

contains a mask. Eor a

register read, this word will

be written by the I/0 PCRT.

2 OECCDE/ICALR Same format as word ¢

3 DATA Same format as word 1

4 ISWC This woréd is an "interrupt
status wonrc". This wonrd is

written by the port when it

interrupts the cpu. The ISW

cnntains all the information

necessary tn determine the

reason for the port

interrupt. Since the fport

can interrupt nn four

different (i levels et one

time there are four 1ISW's.An

" INTERRUPT VECTCR ¥ CRL" (elso

written by the port when it

interrupts) pnints to the

appropriate ISW.

5 ISwW1 same formet as ISw(

6 ISW2Z samne format es I&w(

7 ISW2 same formect as ISWCE

Note that the port will pick up twn CPCCDE/ICADR words after the

doorbell rings. This allows reading and writting two registers at

one time. The format of the CPCODE/IOALR word is the same as the
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2026 OPCODLE/IOALK word. This will make the IOEUS more compatible
with the 202¢ UEA. LCuring register write oferations, the port will
be able to write 1local registers as the data words come off the
10BUS.

Typical sequence for "WRITE I/0" operation:

1 CPU writes OFCODE/ICADPR word(s) and data in the RECISTEFR
“< ACCESS BLOCK.

2. CPU rings doorbell &nd waits for EUSY to assert and gn away.

3. Port scts bUSY.

4. Pport reads the first four words (one mem ref) from the
REGISTER KCCESS ELCCK, and writes the dete into the

approrriate register(s).

5. Port clears EUSY.

Typical sequence for "KEALD I,/C":

l. CPU writes OPCCLDE/ICALR word(s) into the FEKFCISTER ACCESES
b LGCK

2. CPU rings doorkell and waits for EUSY to assert and go ]WAy

3. Port sets LUSY.

4. Port reads first four words of the RECISTER ACCESS ELCCK.

5. Port writes data word(s).

6. Port clears EUSY.

l6.4.2 1/0 SUESYSTEM INTEREACE TC MEMCRY

The I/0 Subsystem will be built arnund a synchronnus interlncked TTL
bus (I0bUS) whichk will provide a DFMA path between 1/0 PCRTS nn the
bus and the 2080¢ main memory (the ICBUS will suppeart up to a maximum
of eight I/0 PORTS). Memory references by the I/0 RUS PORTS nver the
IOBUS can be either one word or four words per bus transactinn.

The I0BUS is granted to recguesting I1/0 PCKTS by a centrally lncated
arbitrator located in the console. The IOQBUS POK1 in slot of the
I0BUS will have highest priority.

THE RAW bandwidth of the 10BUS WILL EE 2¢-4¢ MEytes/sec. Raw
bandwidth is defined is as the upper bound controlled bty the bus
clock frequency and protocol limits. The EFFEC1IVE bandwidth of the
bus will be greater than 16 MLytes/sec but less than 4¢ MBytes/sec.
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Effective bandwidth factors are memory access times, memory
interleaving and whether we are doing reads or writes. Refer to
figure 5.20 which compares the RAW bandwidth of the IOBUS with other
systems.

MAXIMUM RAW I/0

BANDWIDTH

(MbYTES/ SEC)

128

64

* 168-3MP

32

* 3133 * 3033-AP

* SEL 32/75 * * * 47¢v/7

16

* 47¢V/5 * AT0V/6

* 117780

145-3 HARRIS S§/6

.
-
.
—
.
.
.
_
.
-
.
.
—
.
-
.
—
'
-
.
—
.
—
o
-
.
-
o
—
.
—
.
—
.
-
.
—
.
.
.
—
.
-
o
—
.
—
.
—
.
-
.
-
0
.
.
-
0
—
.
—
.
—
0
—
0
.
0
—
0
-
.
—
0
—
'
—
0
-
'
—

T S G SR T S SR S D SED G D D TR AN SR S S S UG RS T G S GG SN UL W YD e wim wm e W w S vm e e I I e e —



CCmPANY COUNEILLENTIAL == Do not wiplicate C-JUL~-"0

1C SULLLYSTEM Pace 10-12

1/C SULESYSTLEM INTEREACE TC CPU ANLC MEMCRY

KRGUCH PRCCESSCKR SPEEL (MIFE)

Figure 5,20

The ICLUS 1ntertaces to the 2080 nemory through the I1,/0 E(X. The I1/0

ECX provides the necessary 11L to ECL translation and buffering in

nrucr Lo nietch the speed of the TTL ICKUS with the fester FECL NEQY

LUS. In addition, the 1/C bCX will contain the system consnle. The

I/0 EGA will be packayged nn & single extendeo hecx mndulc.

le.4.2 CONSCLE

cretnr, ficlc

cbug). Tt will

Beld s¢cnse the

rarizec kbelow:

The LYSTLm COmCCLL will Lo the dntarface for the o

englnecr, anu develnpuent engincer (during mechine (e

boot thne System, support the «cicgnostic philosophy ¢

environment., Consnle héerdware cheracteristics are suan

1. P11 ricroprocessor,

2. LAZ24 (or ecuivelent) hardcopy teriminal,

3. FKLINIK anu 2FT compmunicétions lines (et least 1C.7 Ki).

4. 4L8K - GAK bytes of FPAM menory., Sufficient PRCM tn hootstreaj

thie E11 from system devices,

S5. Flopry disc as consnle load device.

C. Interrupt source tor event timming.

7. CLiagnostic visibility and control lngic.

. battery povered calendar chip.

Y' Systew clock contrnl. Ctart, stop cone burst.

1.5 1,70 SUBEYGSTEM INTEREACE TC ThE CEFERZTINGC SYSTEM

lb.5.1 1/C PCR1 CCHMANL/FLEPCNSE PRCCESSING

The SCEIwARE PORT DRIVER 1n the 2020 ¢essenbles CCMMZNLDS and cstacks
ther os (UEUE ENTRIES on the tall of nne of four prioriti.ed CCWapnp

bl CLAINS.

Tie 170 PUKT @synchronocusly removes the CC/p2ND CUFUF FPNTRTIES fropm
the head of the highest priority CCMm2ZND CUEUE C12IN, decndes the

CChiraN anu takes the appropricte action. ihis actinn mey Le

entirely internal to the I1/0 PORT, or it mey recuire that the 1/0
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POR1T transmit the CCMMANL over the PLI to a remote noce on the (7F

UL, an I1bM CONTHKCOL UNIT on the Ikm CHANNEL BUS, The MISSEUS adepter

or thic UNIEUS cdapter. Commends to the UNIEUS or MASSEUL adepter ney

be processed alrectly by the adepter or nay result in sne or nere bus

transactions.

The I1,C PCOK1 then completes the process by modifying the apprniriate

status bits in the CCHMMAND and plecing it either nn the tail of &

KLSPONSE (UEUE CHAIN or the TAIL o»f a FREE QUEUE CHAIN, both nof which

reside in 200 nemory.

If the I,C POKT places the moaified CCWMANE on the FRECPONSE CUEUE

Chéln; if the KRESPCNSE QUEUE CHAIN is empty; and if the INTFREUPT

ENALLE bit in the 1/0 POR1'S CCNEICURATION FECISTER is set; the 1/C

POK1 will genercte an INTERRUPT Lo inform the PCrRT CRIVEFE nf the

LUEbUr LENTIKY.

In this mode of operatinn the RESPONSE (UEUE cntrics are used to sendc

status information to the PCRT DRIVEK. If thce modified CCMMAND vias

returned to the KESFONSE (CUEUE CHAIN the PCRT LCRIVER may exemine the

resulting KiSFONSE QURBUE ENTRY to determine the status of its

assocliatea CCMMAND, (I.E. was the CUMMENL successfully executed?).

Ytie I,/C POK1 always returns the modified CCOMMAND (CUEUE ENTEY to the

141L of the KESPONSE CUEUE CHAIN if an error was encounterec during

eXxecution of the CCHunmAND.

The FREE CURUE CHAIN is simply a list of blenk ¢ucue entries resicing

in 2089 nmewory tunat both the PCR1 CRIVEKR and the I/C PCET mzy use

whenever they need free nemory to gencrate & new CCArAND nr FEEFOMOE

CUEUL entry.

The software FORT LDRIVERE »of a remote FPCET (CI SFECIFIC) alen

assenbles CCMMARNLS directed to the 2080 PCR1 or to the 2¢27 PCRI1

CR1VER. 1The remote FORT transmits the COMMANCLS es CCWTRCL FEFSSACE

PACKE1S or MESSACGE EBACKETS, whichever is applicable, across the (1

bUS. ‘he 20280 POR1 stacks the CCMMANDS whicl. were trensmitted by

CCWIKGL MESSACE PACKETS as CUEUE FNTRIES on the tail of one of the

four prioritizeu COMMAND CUEUE CHAINS. The 2027 PCRKT stacks the

CUmMMANDS which were transmitted by MLSSACE PPCKE1S on the TAIL of the

RESFONSE QUEUE CHAIN,

In this lode of operetion the KESPONSE CUEUE entries a&re asec to

transfer short fixeda length messages from & remnte ECET CFU to the

2LEL PCR1 DRIVER.

bach of the four prioritized CCMMAND QUEUE CHAING hes &an implicit

priority assignment with QUEUE ¢ being the highest priority and CUEUE

3 being the lowest. 1The various priority levele are used to secuence

the execution of the cifferent types of CCMMANLES 1in the rost

expeaitious manner,

ClmpMANLS fall into threc generel categnries:
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1. CCMMANDS requested EY THE 1local 2¢80 HCST. These are
COMMANDS stacked on the 1AIL of a COMMAND QCUEUE CHAIN
directly by the local 2(8¢ PORT TLRIVER. The CCOMMAND is
executed when it reaches the HEAD of the COMMAND CUEUE
CEAIN,

Data transters initiated by the local 2020 HCST. This is
accomplished by a single COMMAND stacked on the TAIL of &
CCMMAND CUEUE CHATIN by the local 202f PORT DRIVER. When the
COMMAND reaches the HEAD of the CCMMANL QUEUE CH2IN it
causes a block data transfer over the TTL by a Dm2
mechanism,

Lata transfers initiated by a remnte HOST. This is
accomplished by a single COMMAND issued by the remote LCST.
The CCMMAND is not Lrocessed imnmediately, but 1is stacked
onto the TAIL of a CCMMAND CUEUE CHAIN by the 208¢ PCRT.
When the COMMAND reaches the KEALD of the CCMMAND CUEUE CHAIN
it causes a block data transfer over the T7L IOBUS by a DMA
mechanism.

NOTE: The CI adapter is the only kind of port which
Supports data transfers initiated by the remote host.

There is only one KESPONSE QUEUE CHAIN and one FKEE CUEUE CHAIN,

All queue entries are fixed in size to 12 2¢€0 words and reside in
the PHYSICAL ALDRESS space of the 2080 OPERATING SYSTEM.

The 2680 PORT accesses the CCMMAND, RESPONSE anéd FREE C(CUEUE ENTRIES
by executing read interlock and write interlock instructions., TLuring
normal operation the 2080 PORT is permitted to:

1.

2.

Remove CCMMAND QUEUE ENTRIES from the HEAD of the four
COMMAND QUEUE CHAINS.

Insert CCMMAND QUEUE ENTRIES which originate from & remote
EHOST on the TAIL of one of the four CCMMAND QCUEUE CHAINS,
(Cl ports only)

Insert RESPONSE CUEUE ENTRIES on the 1AIL of the RESPONSE
QUEUE CHAINW,

Insert FkEE QUEUE ENTRIES on the 1TAIL n~f the FREE QUEUE
CHAIN,

kemove FREE QUEUE ENTRIES from the FEAD of the FREE QUEUE
CHAIN,
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l1¢.5.2 POR1T CONTROL BLOCK (PCE)

The PCB is a 19 word table residing in 2¢€¢ memory. The first wnord

of the PCb supplies a pointer to the base of the EUFFER DESCRIPTCR

TABLE. 1The remaining 18 words of the PCB are wused to control the

linking of the CCMMAND, RESPONSE and FREE QUEUE entries.

The formet of the PCBE is 1illustrated by FIGURE 5.3, The

illustration shows a COMNMAND QUEUE CHAIN with 4 entries. The otbher

QUEUE CHAINS, however, have an identical formet.

The 2880 PORT accesses a QUEUE ENTRY by first doing a read interlock.

Once the 208¢ PCOR1 has successfully INTERLOCKED the desirecd QUFUE

CHAIN it either connects a new (QUEUE ENTRY tn the TAIL of the CUEUE

CHAIN or removes a CUEUE ENTRY from the HEAD of the CUEUE CHAIN

(whichever is applicable). The 1I1/0 PORT accomplishes this by

appropriately modifying the FLINK and the ELINK fields of the PORT

CONTRCL ELOCK and the adjecent CUEUE ENTRY. The I/0 PCRT preperes

new QUEUE ENTRIES for the 1TAIL of the QUEUE CHAIN in advence by

modifying previously removed FKEE QUEUE ENTRIEC.
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tm—————— + I +

S ! FLINK 1<===1 FLINK 1<-=mn-mn +

! +=>1 1 o+=>1 ! !
! I Pl e + !
Y ! ! BLINK !-+ ! ELINK !=--+ !

e pp— + 1 dm—eeeeo + de———— LB S, +
+--=>! FLINK ! ! 1CCMMAND! ICOMMAND! +=>1 FLINK !1<=—=+
. ! ! 1 QUEUE ! ! QUEUE ! ! ! !
L + 013 o2 L + !
! ! ! BLINK !==+ 4=——=—ux + tmmmmm—mt ! LLINK !=-+ !
Py ! ! SN
I R . + 

S — v
! ! 1CCHMAND! 

'CFMPFND! 1o
! ! 1 QUEUE ! ! QUEUE !t 1t 1
! ! ! ENTRY ! PCKT CCNTROL BLOCK ! ENTRY ! ! 1
[ R B e e —— + S U
! ! +-------4+ ! ADLRESS CF EDT 1 tom e + 1
1oy TAIL es [T S + HEAD 1oy
!l 1 | EKEE CUEUE FLINK ! P
1o i T T S + 1oy
Py 2 ! FREE CUELE ELINK !
1o LT T + 1oy1o 31 RESEKVED ! P
. e e e mmemmeee +<mmmmmmmmme e + 1
e. > 4 I COMMAND QUEUE ¢ FLINK! !
! o e e Fmem ee +
tmm e 5 ! CCMMAND QUEUE ¢ ELINK!

TT U —————— +

G ! IECERVLL !
R etR . +

7 1 CCMMANE QUEUE 1 ELINE!
R e——— —————— +

£ | COMMAND CUEUE 1 ELINK!
iT T +

9 1 RESERVED !
Fmmm e oo +

16 ! CCMMAND CUEUE 2 FLINK!

R T S —————— +

11 | CCMMAND CUEUE 2 ELINK!

o e ———————-— +

12 ! RESERVED !
Fmm e ———————— +

13 ! CCGMMAND QUEUb 2 FLINK!

T T TP +

14 ! COMMAND CUEUE 3 BLINK!

T Ty +

15 | PL‘ERVhD !
R T T +

16 | RESPCNSE CUEUE FLINK !

L T TPUy +

17 ! KESPONSE CUEUF ELINK !
R T TN N IR +

1€ | RESERVED !
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WCORD OFFSET

9

1¢

11

12

13

14

15

16

17

18

e-JuL-8p

Page 1¢~18

DEECRIPTICN

Physical &address of the base of the

BUFFER CESCRIPTCR TAFLE.

Physical address of the head FRFF

QUEUE entry (FREE C(CUEUE FLINK)

Physical address of the teil FREE

QUEUE entry (FREE (QUEUE ELINK)

CCMMAND

FLINK)

CCMMAND

BLINK)

COMMAND

FLINK)

CCMMAND

ELINK)

CCMMAND

FLINK)

CCMMAND

ELINK)

CCMMAND

FLINK)

CCMMEND

ELINK)

head

RESERVEL

Physical address of the head
QUEUE ¢ entry (CCMMANL CUEUE

Physical address of the tail

QUEUE 0 entry (CCMMAND CQUEUE

RESERVED

Physical adcdress of the heead

QUEUE 1 entry (CCMMAND QUFUE

Physical address of the tail

QUEUE 1 entry (COMMAND CUEUE

RESERVED

Physical address of the head

CUEUE 2 entry (CCMMAND QUEUE

Physical address of the tail

CUEUE 2 entry (CCMNMAND CUEUE

RESERVED

Physical address of the head

QUEUE 2 entr, (CCMMAND CUEUE

Physical address of the tail

CUEUE 3 entry (CCWMMANLC QUEUE

RESERVED

Physical address of the

RESPCNSE QUEUE entry (RESPCNSE QUEUE

FLINK)

Physical adcress of the toil

RESPONSE QUEUE entry (RESPONSE QUEUE

ELINK)

RESERVED
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16.5.3 LEUFFEK DESCKIPTCK TAELE AND EUFFER LCLESCRIPTORS

The I/0 POR1 determines the correct physical address of a DATA ELQCK

in 2€Eb memory, during data transfers to or from 2 named 2080 memory

buffer aree, by extracting a series of routing parameters from three

separate tables. These tables reside in the physical memory address

space of the 2088 operating systemn.

A buffer descriptor (ELC) consists of a linked 1list »nof descriptors

each of wnich describes a region of physicel memery. Fach individual

descriptor hes the following format:

wWorda contents

¢ address of next descrirptnr

1 mode(3), count(15), byte offset(4)

2 audress of base of deta buffer

3 pgort availeble storage end finel status

The head of the ED chein (i.e.; the EDT itself) is 1ncated 1in the

BL1 and 1s &s fnllows:

word contents

9 valid bit(l), buffer key(16), ponrt

1 address of current node

bach EDT identifier given out by 10PS2f will be the offset from the

start of the EDT table in the PCEBE. Therefore the address of the EIT

header is:

BDT+2*n

where

BEDT is the base address of the start of the EDIs and = 1is the

descriptor specified by the data recuest. Fnr n to be valid it must

be less than the number of ELT entries specified in the PBCE.

10.5.4 DATA MCDES

The I/0 PORT supports the following 3 DATA FCRMAT mndes curing

higyh-speea data transfers between the PLI and 2¢80 memory.

1) INDUSTRY CCMPATIELE

2) CORE DUMP

3) HIGH DENSITY

4) 7-BI1T ANSI-ASCII

The byte mappings for these rindes are as fnllows:
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16.5.4.1 INDUSTRY COMFATIBLE - Figure 5.4(C illustrates the INDUSTRY

CCMEATIBLE mode for mepping 8 bit PLI bytes into 36 bit 2080 words.
2080 WCRD

9] 7 8 15 16 23 2¢ 21 32 35
$om e e- fmmm e pmmm e te——m—— +

! ! ! ! ! !

! Lbkyte=4n+l ! Eyte=4n+2 ! Eyte=4n+3 ! Eyte=4n+d ! ZERC !

! ! ! ! ! !
$mmm e- - e m— e — -~ tmmmmm -~ $m————— +

7 ¢ 7 5] 7 { 7 ¢

PLI LYTE

n = Number of complete 36 bit 20€¢ words processed

since the start of byte trensfers.

FIGURE 5.4(

l1¢.5.4.2 CORE DUMP - Figure 5.5¢ illustrates the CCORE CUMP mode for
mapping 8 bit PLI bytes into 36 Lbit 2080 words.

2088 WCRD

g 7 8 15 16 23 24 31 32 35

- —pmmm————————— e ————— tmm———— —————— $—————— +

! ! ! ! ! EFyte !

! Eyte=5n+l ! Lyte=5n+2 ! Eyte=5n+3 ! Lyte=5n+4 | =

! ! ! ! ! 5n+5 !
tomm e —————— tmmmm———————— tmmmm— - e +

7 ¢ 7 9) 7 0 7 ¢ 3 ¢

PLI BYTE

n = Number of «complete 36 bit 268f words processed

since the start of byte transfers.

NOTE: Eits 4 through 7 of every 5th byte &re discarded.

FIGURE 5.5€@

10.5.4.3 HKIGH DENSI1Y - kigure 5.6¢ illustrates the FHIGCH DENSITY

riocde for mapping 8 bit PLI bytes into 36 bit 2r30 words.

208¢ wWORD PAIR

FIRST WCRD OF PAIR

¢ 7 @ 15 16 23 24 21 22 3%

e e - —————— ——m e ———————- fm———————- ——t - +

! ! ! ! !' EYTE !

! byte=9n+l | Eyte=9n+2 ! Eyte=9n+3 ! [Eyte=Ctn+d | = 1

! ! ! ! ! €n+5
o - e- fmmm e - teee——— +

7 ¢ 7 ) 7 ¢ 7 ¢ 7 4

PLI BYTE
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SECCND WORLC CF PAIR

¢ 3 4 11 12 1¢ 2¢ 27 2¢ 35

e e e it D DL R R P R e R e bttt +

! Eyte | ! ! ! !

l = | Eyte=9n+6 | Lbyte=9n+7 ! Eyte=9n+8 ! bLyte=9n+9 !

! 9n+5 | ! ! ! !

- e ke R e e aatariater ks R +

3 g 7 g 7 0 7 g 7 .

PLI EYTE

n = Number of complete 35 bLit 2080 word pairs

processed since the start of byte transfers,

FICURE 5.60

2C8¢ WCRL

© 6 7 12 14 26 21 27 28 2425

e ————— tomm——————— tmmmmm————— Fmm e ————— e +-—~+

l ! ! ! § ! !

! Eyte=5n+1! byte=5n+2! byte=5n+3! byte=5n+4! Eyte=5n+5! ( !

! ! ! ! ! ! !

e fm—mmm————— R e e +-——+

7 e 7 L7 a7 ¢ 7 ¢

PLI EYTL

n = Number of complete 35 bLit 2080 words |processed

FIGURE 5.76

10.6 I/0 SUBSYSTEM RAMP

To be supplied
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CHAPTER 11

MASEBUS ADFATCK

l11.1 GOALS

The goals for the MEA Channel Interface is to provide the following:

l. A cost/effective MFEP Mass Pis ECarter for 202¢ thet uses &
common 1/0 POR1 architecture with the 20°(¢ TCCS aderter,

2. lrvailability at 2¢8¢ CPU breadbnard [Pwer-on,

3. Control Unit independent design. The M/ will tbe genersl
FUTENSe without any Control Unit stecific micro-coce. The
software driver will deal with the Control Unit &t the
Control Unit commend level.

4. Eupport up to 8 selector sub-channels or Units, (& RIFC5 or 2

11.2 GENERAL LCESCRIPTICN

The MbA Mass bus Adapter is rhysically pertitioned into twn Ingicallyfunctional pieces; a single extended hex bnard I1,/C Port end a singleextended hex Loard NASS Eus Interface, See figure 11.1. Theinterface between the two functional Lpieces is & simple, generalburpose path called the Port Link Interfece., The eadepter eleonconnects to the 2¢8¢ T1L IC bus.

bunctionally, The MEA Mass Eus Pdapter consists of tthe folloving:

I/0 PORT FUNCTIONE
D S e e n . ——— - —— — - ——

1. ULata mover - This moves data to a peripheral contrnller from
brimary mwemory (write oreraetion) or moves date to rrimery
menory from a peripherel cevice (read nperation). The TDate
Mover uses & byte count and starting address &s control
btarameters. It is set up by the software vie a CHANNEIL
COMMAND PACKET.
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GENEKRAL DESCK1PTICN

2. Eit-Slice NMicroprocessor - This fetches end [rRnCeESSES

CLANNEL CCMiAND FECEKETS ,anc creates CEARNEL FEEPCONGE

PLCKE1S.,

ChHANNEL INTERFACE FUNCTIONE

7. Channel Interface - This conteins MASS Eus drivers anc

receivers, &and a micro-secunencer to control the MEZ bus

protocnl, It elso contains byte hbuffering,

A Channel Program, consisting of & series of linked Cheannel

Command Packet is used¢ to set up the Chennel Tete, Pate

Mover, and send and receive Command and Status bytes to eanc

from MER Control Units.

TC EBCX/MBOX

VAR
I

|

| | == ee ————e ————- em e e - —

| I0bGX | 24 Megabyte/sec (RAW) ICRUS
| ......... - | .................................................... -

| CCNSCLE | I

—————————— I

I | I
I | |

CTY KLINIK =====—-

I |
| PORT |

| I

FORT |

LINK |

INTF |

I

| ME2. |

| |
| INTERF |

I
MASS |

EUS I eeemeee emmmme

I | v2SS | I vacgs |

| | LUS | | FUS |

fmmmme ———————— | CNTRL |-===—--- | PERIFH]

I | I |
Figure 11.1 | UNIT | b uNIT |

— . ——— -— --

Single IC instructions can be used to talk to the MPASC bus &s in the
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GENERAL DESCRIPTION

traditional KL1¢ IQ instructions,. This mode of nperation will be
used for boot straps and initial monitor debug. In this mode of
operation, software will <clear the (UEUE VALID bit in the Fort
Control Status Kegister.

The second mode of operation uses a command cuewe. In this mode of
oreration,software will set the (QUEUE VALILC bit in the Port Control
Status Register. Linkages within a command queue are created vie
I LINKS and BELINKS as described in the 2£8¢ 1/C Subsysten
Specification (see chapter 1¢).

11.3 KREGISTEK ACCESS ELOCK

Reglister fccess kBlock is a@n eight word bleck which Lrovides an I/C
gort witn the control ancd cdata needed to Cn register reacs and
writes. In adcdition, there is room in the eight word block for the
port to store relevant status when it interrupts the cpu. There is

one kegister Access Block for each 1/0 port in the mechine (tntal of

woru Neme Description

{ OPCCDE/IQALR Eit <> :Error

Eits <1:5> contein command.

Format is:

D1l=0 nop

D1=1 velid commend

D2=1 read

D2=1 rite

D4=] bitset

D5=1 bitclr

Eit <6> : Ciseble Feglister e&ccess

error stop

Eit <7> : Cisekle Trensfer Frror

Eit <8> : Resgpnonse Enable

Bits <25:27> : drive address

Eits <3¢:35>: drive reqg. acddress
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MASSBUS ALCPATCK

REGISTER ACCESS BLOCK

2

3

DATA

OPCODE/IOADR

DATA

Wwords 4 through 7 are interrupt

sec. 5.5 of 228

Page 11-4

For a register write, this wonrd

contains the data to be written.

For @& register read, this word will

be written by the port. For a

register bit modificetinn, this wonrd

contains a mask. For & bitset

command the mask will be logically

ORed with the eddressed register and

the result will be in the addressed

register. For a bitclr command, a

logical AND of 1's complements of

mask end the contents nf the

addressed register will be formed

and the result will be stored in the

adcressed register.

came format as wvnrd ¢

Same format as word 1

status words and are described in

g functional specs.

OPCCDE/IOADR Mag:

gL €1 €5 6 g7 08 g9 1l¢ 23 24 26 27 2¢ 3¢ 35

e it e i T T - +

|EKR |OPCCDE|DIS |DIS |RESP|CEN | IDEV SEL| |REC SEL|

| | |RAEI| XES |ENA | BIT | | CCDE I | CODE |
e e e- +

DATA word map for read/write external register command:

Ce~-17 18 1¢ 20 25
F e e ———————— ————————e - — +

| | MASSBUS| MASSBUS| EXTEKNAL REGISTER DATA |
I |E P | P | I
I l | 61T | l
etL T T S +

A S T . - - AT e -t - A - = -

If this bit is set, the port will generate even parity for for the 16

MASSBUS. otherwise odd parity is generated

(even parity is provided for diagnostic purpnses only. Normelly this

control lines

bit will be @).

of the
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RLEGISTERK ACCESS BLOCK

Bit <19> -~ parity bit sent by the drive.

These bits contain data read from external register or the data tn be

written in an external register,

ihe bPort will operate in two modes. In the Non ¢ Mode mode, all

cnannel commands will be issued via the Register ZAccess Elock. 1In

the CQUEUED mode, the program will write in the ME2A Status Register

causing the j(port to process command packets from one of one of two

gueunes. Commands in the Cueues have same format as in the FRegister

Access Elock. ~

11.4 COMMAND/KESPONSE PRCCESSING

11.5 ¢ MCLCE

The SCFTWARE PORT DRIVER in the 2C8¢ assemblLes CCMMANDE and stacks

them es QUEUE ENTRIES on the tail of COMMAND QUEUE CHAIN.

The 1,0 PORT asynchronously removes the CCMMAND QUEUE ERNTRIESE from

thhe head of COMMAND QUEUE CHAIN, decondes the CCMMANLC and tekes the

appropriate action. This action may be entirely internal to the 1/0

PORT, or it may require that the I/0 PCORT transmit the CCMMAND over

thhe PLI to & MASSBUS adapter.

The 1,0 PORT then completes the process by wmodifying the afgpropriate

status Dbits in the COMMAND and yplacing it either on the tail of a

RESPONSE CQUEUE CHAIN or the TAIL of & FREE QUEUE CBEAIN, both of which

reside in 2¢80 memory.

If the INTERRUPT ENABLE bit in the I/0 POR1'S CCNTRCL STATUS RFCISTER

1s set and if the KESPONSE QUEUE CHAIN is empty; the PCRT will place

the modified CCMMAND on the RESPCNSE QUEUE CHAIN. An interrupt will

be ¢generated to inform the POKT DRIVEKR of the (QCUEUE ENTRY.

In thlis mode of operation the RESPONSE QUEUE entries are used to send

status informetion to the PORT DRIVER. If the modified CCMMAND was

returned to the RESPONSE QUEUE CHAIN the POR1 DRIVER may examine the

resulting KESPONSE QUEUE ENTRY to determine the status of its

assocliated COMMARND. (I.E. was the CCMMAND successfully executed?).

The I/0 PORT always returns the modified CCMMAND QUEUE ENTRY to the

TAIL of the KESFONSE QUEUE CHAIN if an error was cencountered Cduring

eXecution of the CCMMAND.,

Thie FREE QUEUE CHAIN is simply a list of blank gueue entries residing

in 208y memory that both the PORT DRIVER and the I/0 PORT mey use

whenever they need free memory to generate a new CCMNMAND or RESPONSE

QUEUE entry.
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NON Q MODE

11.6 NON ¢ MCDE

The software loads the Register Access Elock and dnes a UDing

instruction. fThe port then reads or writes the specified register.

11.7 CHANNEL COMMAND PACKET FCRMAT

The Chiannel Command Packet (hereafter called CCP) is created by the

CPU and placed on one of the commend Gueues. A Command List consists

of many CCP's linked together on & command queue vie FLINKS and
ELINKS. The format of the CCP is shown below.

o rd
e D T e TR, +

| FLINK | ¢

Fo et ee +

I ELINK | 1
e it it T TSR +

| OPCCDE/ICADR | 2,4,5,8,
| | 10,12,14
ee e - +

| DATA I 3,5,7,¢
| | 11,13,15
eti i T T T RNy +

WCRD BITS NAME DESCRIPTION

9 <gP: 35> FLINK QUEUE FCRWARL LINK. PHYSICZL

ALCDRESS of the first locetion

of the successor QUEUE ENTRY.

1 <CP:35> ELINE CUEUE EACKWARD LINK. PHYSICAL

ADDRESS of the first location

of the predecessor (CUEUE ENTRY.

2,4,6,¢8, <GEP:35> CPCCLCE/ICALCR See sec. 1¢.4
1¢,12,14

3,5,7,9, <gL:35> DATRA Cee sec., 10,4
11,13,15

11.8 ¢ MCCE CHANNEL RESPONSE PACKET

The Channel Recspnnsc Packet (hereafter called Lhe CRP)} is crested by
the channel and placed on the I/C Port Response Quaue. The channel
will write the CKRP under the following conditions:
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l.

2.

3.

A CCP was executed successfully.

A channel error was detected curing the execution of a CCP.

A Control uUnit or device error was detected during the
eXxecution of a CCEF.

The format of the CRP (if no error is detected) is shown below.

................ —————— e — e, —————

FLINK ! ¢
............................................... +

ELINK ! 1
............................................... +

l
CPCCDE/ ICADR I 2,4,6,8,

l 10,12,1¢
............................................... +

I
DATA | 3,%5,7,9,

| 11,13,15
............................................... +

4'6'8'

1¢6,12,14

If an error is detected in command

<U> of

registers of the drive and include them in the CRP.
follows:

BITS NANME CESCRIPTICN

<PER:35> FLINK QUEUE FORWARD LINK. PHYSICAI

ALCDRESS of the first loncation

of the successor gueue entry.

<BU:35> BLINK CUEUE BACKWARD LINK. PHYSICAL

ALCDRESS of the first location

nf the predecessor cueue entry,

<Pe:35> OPCCDE/IOADR This is a copy of the CCFP

CPCODPE/IOADR word.

<€0:35> DATA For & read command, port

writes this wnrd. For all

other commends, this is a

cory »f CCF deta word,

processing, the port will set Lit

word and will read the first four

The format is as

the first CPCCDE/IOADR
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e- +

| FLINK I Y
fmm - +

| ELINK | 1
R et et +

| OPCODE/ICALR I 2 ; Eit <p>=1
R et +

I PORT S1AUS REC | 3
e +

I MEA STATUS REC | 4
ittt +

| M2ASSBUS REG ¢ I 5

ee = - +

| MASSBUS REG 1 | A
Fem e +

| MASSBEUS KREG 2 I 7
bR it +

| MASSBUS REGC 2 I £

o +

| CURRENT BUFFER NAME | e

i et e —————— +

I CURRENT WORD COUNT | 10
g g g P POt -—

I |
| | 11 - 15
I I
gy +

11.9Y BUFFER DESCRIPTORS

Buffer descriptors will not be implemented at FCS. A different

version of port microcnde will be lnaded when Fuffer Lescriptors are

implemented.

(See sec. ? of 2080 Functional Specifications)

11.19 CHANNEL RESET AND LOGOUT AREA

Each of the elght data channels associated with a Massbus has a four

word reset and 1logout area. 37 (octal) consecutive lncations are

assigned to Reset and Longout area.

Word Contents

@ Initial channel command list pointer.
1 status word 1

2 status word 2

3 not used

At the end of data transfer, the port will lnad twn stdtus words in

the logout area and notify the cpu of command completion by

generating an interrupt.
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The port will &ssign an internal register to hnld the address of

Reset and logout area. OCn powerup, this register will be initialize

to a known value. Cnce the boot operation in complete, software will

load the base address of the Logout area in this register. The port

will compute the first location of the its own logout area by adding

4*port Number to this base address.

Status word 1

y 13 14 35

gyg e- +

! Status bits ! Command List Pointer !

e — e ————————— TT T TSR +

bit <¢> this bit is always & one.

Bit <1>: Memory parity error

This bit is set if memory parity occurs whenever pnrt references

Liemory.

Bit <2>: not I0 EUS Error:

This bit 1is reset 1f memory froblems other than perity and

nonexistent memory occurs,

Bit <3>: word count=(g
. TR uR T A S IR WD WIS S e g MR S S ————————

stored into memory.

Eit <4>: non existent memory
T O - A - — —— T — T o G A A S . e — e e wwn e A=

This bit is set if the Port references a non existent memonry

location.

Eits <5:7>: C's
——— - — - - — - —

Eit <8:11>: (spare)
i— - — - e — —
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Bit <12>: Short Wword Count Error
- ARD A N R e . A e e IR T S G WA MR W A M e (W A . L SR T W S D WS S —— e a———

This bit is set if the Port has transferred all the date specified by

the CCw anc¢ the device is still not done with the transfer.

Bit <12>: Overrun Error
——— v — A —————— N - —— — g — ——— i — —

This bit is set when

1. Device is inputing data and port buffer is full,

2. Device is demanding data and the pnrt buffer is empty.

Eit <14:35>: Channel Command List Fointer

Points at current CCwW+l.

2. Status Word 2
. —— . RS M S WU D RS W —— . s

| OPCCDE | CURKENT WORD CCUNT | CURFENT DATZ BUFFFR ADDRESS |

Contains the last CCW with up-to-cdete

word count and address.

11.11 CHANNEL COMMAND WCRD

A Channel Command Word (CCw) will use 3 bits for opcode, 22 bits to

specify physical memory address to specify jump, halt addresses éend

the starting address of data transter. & cata transfer CCW will also

use 1@ bits to specify positive word count.

CCh Cpcode

Code Operation

oL Halt

Gel Not used

gle Jump

£11 Not used

16¢ Forward date transfer (do not halt)

1¢1 Reverse data transfer (do not healt)

114 Forward data transfer (hzlt)

1lu Reverse data transfer (halt)
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CHANNEL CCMMAND WOKRD FCORMAT

11.12 CHANNEL COMMAND WCRD FORMA1

11.12.1 Halt

g €61 w02 @3 13 14 35

e et LR T P e bt e et +

| OPCCDE I | NEW CHANNEL COMMAND LIST POINTER l

le o o | l |
itet T it m———— e mm e — - +

This CCw causes the channel operation to stop; i.e., the next

sequential CCw in the command list is not fetched. This commend éelso

specifies a new channel commend list pointer (kits <14:35>), thus

providing a starting address for the next channel commend list if the

software driver does not reset the chennel command 1list poninter oat

the start of next data transfer.

11.12.2 Jump

ke 1 2 03 13 14 35

i e +

| OECCDE | | NEXT CHANNEL CCMMAND LIST PCINTER !

e 1 ¢ | I |
e ——— -—————— ——— e ———— e e e e e ————— S - +

This command loads a new address in the command 1list fgoninter, thus

allowing branch during channel command list execution., For example,

the software driver normally loads a Jump 1n location 0 of the

channel's reset and logout area to point to the first locatinn in the

command list.

11.12.3 Data 1ransfer

685 03 13 14 25

R R +

| 1 |HALT|REV | POSITIVE WOKRD | DATA PUFFEF STARTING ALCDRFSS |

| | XFR |XFR | CCUNT | (C FCF SKIP CPEPATICN |

e———— —————— e —— e ——————————— +

Eit <01> = 1 : The port will halt after transferring the number of

words specified in the positive count field.

it <€1> = ¢ : The port will fetch the next chennel command from

current channel command list poninter + 1.

Eit <U2> =1 This allows read reverse operation on magteage

systels.
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bit <U2> must be set to 0 for all write orerations,

Positive word Count (Eits <@3:13>) : fThis field specifies the number
of words to be transferred ton/from memory.

buffer Starting Address (Eits <14:35>) : If this field is ¢ then the
CCw does not move any data to/from memory. On reads, data coming
from the Massbus is thrown away. On writes, the «channel supplies
block f£ill words (either all @'s or all 1's). On both reads and
writes, positive word count is counted down each time a word is
requested by the Massbus. After completing the data transfer, the
port will either fetch next command (if bit <@1l>=¢) from the current
channel command list pointer + 1 or it will halt (1f bit <01> = 1).

If the data buffer starting field is non zero then the positive wnrd
count is counted down each time a word is moved to/from memory. The
data buffer adaress,is upcounted (if bit <£2> = ¢> or cGovncounted (if
bit <02> = 1) each time a word is moved to/from memory.

11.13 INTERRUPTS

Interrupts are yenerated by the 1/0 PORT under the fnllowing
conditions:

l. Port initialization has been completed.

2. The PORT has inserted a CHANNEL RFSPONSE PACKET on an emf ty
RESPONSE QUEUE (QUEUED MCDE).

3. The PORT has placed an entry on an emprty FREE QUEUE (QUEUED
MCDE).

4. A FREE CUEUE entry was needed for processing and was not
available (QUEUEL MODE).

S. A memory error was detected on a 208¢ memnry reference.,

6. An internal POR1 hardware error occurred.

7. ‘The port has completed date transfer command (Non ¢ mnode)

8. Massbus ATIENTION line is asserted by a drive:

In the Non ( Mode Mode, interrupt will be generated if
Attention Interrupt Fnable (bit < 3¢> of Status Fegister )
is set.

In the QUEUED mode, an entry will be placed in the REsgonse
Queue.

Refer to the 2£88 I/0 Subsystem Specification and the 2¢8¢ I/0 Port
Specification for further details.
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11.14 PCORT CONTKROL STATUS REGISTER

Refer to the Z¢cWw I/0 Port Specification

11.15 KRBGISTERS ACCESSIBLE BY SOFTWARE

11.15.1 EXTERNAL RECISTERS

See LCEC 81D 159 for detailed description.

11.16 DESCKRIPTION OF INTERNAL RECISTERS

11.16.1 Logout Address Register

'his register contains the pointer to the word ¢ of the channel

logout area. Port will initialize this register to a known value on

powerup. Coftware will 1load this register at the completion of broot

oreration, Port will ©compute the 1location »f its longout area by

adding 4*POR1 Number to the contents of this register.

11.16.2 Port Control Elock Address Register

This register contains the physical address of the 129 word gport

control block. The first word of the PCE supplies & pointer to the

base of the buffer descriptor. The remaining 18 words of the PCR are

used to control the 1linking of Commend, Response and frec cueue

entries .

11.16.3 1Transfer Contrnl Register

This register contein the length (in 2's comjplement) of the data

transfer (number of sectors or record) and the function code to

specify a read/write operation .,

11.16.,4 Interrupt Vector Index Register

Bits <27:35> are specified by software as & relative address within

EPL. '
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11.16.5 Read Keglister

| |PARITY| DIAG. WRITE DAT2 |

This register is used mainly by the diagnostic programmer. During a
diagnostic write ofperation, data sent out by the contrnller (on the
MASSbus Data kus) can be made to loop back to the Read Register and
can be read in for data verification.

11.16.6 Wwrite Kegister

The register shall be 1loaded only by the diagnostic programmer.
Contents of the Write register are used to simulate data inputs to
the Controller (on the MASSbus LCata Eus) during a diagnostic read
operation, bits <186:35> &re data bits and bit <17> shall be the
computed parity bit (by the programmer) for bits <18:35>.

11.16.7 Diagnostic Control Register

Most MASSbus ofperations can be simulated by the bits in this
register.,

Clock (bit 35)
T e TS A AP A - ——— -

This bit is used to simulate the MASSbus Syn Clack signal. The
trailing edge of this bit will strobe in or send out data from/to the
MASSbus Data kus. The leading and trailing edges of this signal are
generated by simply setting and then resetting bit 35,

Attention (bit 24)
S D . D A D - TS A D -

This bit is used to simulate the MASSbus Attention signal. 1Interrupt
will be generated when this bit is set provide that the Attentinn
Interrupt Enable bit (MEA Status Reg-bit <30>) has been set.

Not used.
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LEL (bit 32)
i e e v vam e r——

This bit will simulate the MASSbus End of Elock signal. The Elock
Counter will be incremented by the leading edge of this bit.

Exception (bit 21)
A T W S S S S A = W, " —— — o n

This bit will simulate the MASSbus Exception signel. The setting ofthis signal a&lcng with EBL (bit 32) set will terminate the current
Command provided that "Disable fTransfer Frror Stop" is not set.

Read/wWrite (Lit 3¢)

This bit, when set, will enable output deta (on the MASSbus LCateae Eus)
to be looped back to become input data to enable testing nf the data
Fath and the arivers/receivers. 1This bit shall be set tn "1" nonly
for a read simulation and shall be cleared for a write simulation.

This bit, when set, will enable the Controller tn check fnr evenbarity, instead of odd parity, on the MASSbus Control Eus. The
tarity network can be checked by this means,

block Address kegister Test (bit 28)
——--_-——---——.———-—————-——---———-——-—

This bit, when set, will inhibit the Controller from sending out thecontent of the GSecondary Transfer Control Register to a drive.Instead, the Secohaary Elock Address Register is sent out twice ancgcan be checked by the diagnostic Frogrem,

Control Lbus Test (bit 27)
TS D I S UR A D L e e - —— o — o ——

This bit, when set, will lonpback the MASSbus Cnontrnl E'is tn enabletesting of the drives/receivers and related logic.

NCTE

The diagnostic software must select a2
drive number which is not fresent or is
not powered up. This may not be
Fossible in a configuration with 8 dual
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port drives without snftware

interventinn in both systens.

Transfer (bit 26)
D e A A BB A S WS G SN N D S R R N D T T SR S .

This bit, when set, will simulate the MASSbus transfer signal to be

generated whenever a drive register is being accessed.

11.16.8 MbBA STATUS REGISTER

Bit <35> - Clear Massbus Controller
-~ e ED A TR D AU S Aee G S M S M AU SR P MmO wmb M MM T M e eum

This bit, when set by the program, will initialize the Port and the

Massbus drives to their powerup state.

This bit will be cleared by software.

Not used.

Bit <32> - Command [one

This bit is set when the Command is terminated with or without

transfer error, An interrupt will be generated. Transfer error

conditions that will terminate @ transfer command and Wwill inhibit

the execution of the next transfer command are:

1. Data Parity Error ( bit <1€>) or Drive Exception ( bit <19>)
is set and the "Disable 1ransfer Error Stop" bit in the

channel command, which started current deta transfer, is not

set.

2. Long Worda Count Error (bit <2@>).

3. Short word Count Error (bit <21>).

4. Channel Error (bit <22>).



CCMPANY CONFIDENTIAL -- Do nnt dugplicate 2-JUL-80
MASSBEUS ALPA1CK 

Page 11-17
DESCRIPTION CF INTEKNAL RECISTERS

5. Drive kesponse Error ( bit <23>).

6. Data Overrun ( bit <25>)

This bit will be cleared by software.

bit <31> - Stop Transfer
TN A e S n ——— wm e ae - vn —— v — v — -

This bit , when set by the program , will terminate the current
transfer, None of the status bits will be clezred and can be
examined by reading the MEA status register

This bit will be cleared by software.

Bit <3(> - MASSBUS Attention Enable
TNTS A AR e en e e o n o v —— - o—— — vt - v ——— e .- — e e e ——

This bit, when set by software, will eneble the MASSbus "2Attentinn"
signal to generste an interrupt,

Bit <2¢> -~ Reset Command List Pointer

This bit , when set by the krograem, will cause the port tn cory the
contents of the Command List 2Address Register into the Secondary
Command List Adcress Kegister. This bit should be set when there 1is
no transfer in progress,

This bit will be cleared by software.

Bit <28> -~ MASSEUS Attention
SRRSO An R n R e e S e wmn . —— A - = —

This bit is set by any drive on the MASEbus whenever attentioncondition (seek Complete etc.) occurs in the drive. The bit will
generate an interrupt if Interrupt Fnable in the Pnort Contrnl Statuskeglister (Bit <33>) is set.

MASSBUS Attention will be set even when MPASSEUS Zttentinn InterruptEnable 1is not set; it just won't interrupt until MASSEUS Attentinn
Enable becomes set. The MASSBUS Attention bit will be reset onlyafter all the attention conditinne in all Jdrives are cleared. The
Frogram must select the appropriate drives and write the appropriote
External (drive) registers,
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Lit <27> - MASSbus Eknable
U D S L D D Y S . T > VS D T G WS G . . — —

This bit must be set by by the software driver to enable the

Controller to interface to any MASSbus drive.

In systems where more than one Controllers are connected tn the same

MASSbus, the software shall make sure that only one Controller at any

tine is enabled (kbit <27> =1). This feature is mainly 1intended for

failsoft reconfiguration in single and multi-processing systems. The

dual port option should be used where concurrent transfers are

desired.

The other Controller must be disconnected from the MASSbus with bit
<27> = @, else but errors will occur because of improper bus

termination.

Eit <26> - Data (Cverrun

This bit is set when:

1. A MASSbus drive is inputing deta faster thean the Port can

transmit to memory.

2. A Massbus cdrive is demanding data faster than the Port can
access data from memory.

This bit is cleered by software.

BEit <25> - Channel Not Eeady
T . R e TS i M M- Y - - D LS G SR R W A AR - - -

This status bit is contrnlled snlely by the Port and can nnot be set

nr reset by the program. The Port sets this bhit either when the

system is initialized or after the Port hes completed the Fprevious

transfer and has encountered a Halt command ¥nrd or Halt Pit in a

command word and is ready to start a new transfer. The Port resets

this bit when it is either actively doing data transfer or is in the

process of finishing up the current data transfer operation

(liouse-cleaning) and is not ready for the next data transfer

operation,
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Eit <25> - Clear MASSbus Controller

This bit, when set by the progrem, will initialize the Controller and
the MASSbus drives tn their Eowerup states,

This bit will be cleared by software.

Bit <24> ~ Register Access Error

This kit is set by the port when a drive register is accessed and onne
or more of the following error conditinns nccur:

1. Control bus Time Cut - This error condition occurs when a
nonexistent drive 1is selected. If the Pttention Summary
Register is selected, the controller will expect @& Cnntrol
bEas Time Cut and, therefore, will not set the error bit,

<. Control bus karity krror - This error condition nccurs when
& urive reglister is read and the Controller cdetects a parity
error on the MASSbus Control Eus., If the 2ttention Sammary
Regyister is read, the Controller will inkibit perity
Checkiny and this error will not bLe set.

when this error occurs, the port will re-try to access the
the device register. If the error persists even after a
pre-determined number of re-tries, this bit will be set.

The Controller will not allow further writing of any register |if"Register Access Error" is set cnd the instructinn that caused the
error did not specify "Disable Register Pccess Errnr Stogp".

This bit will be cleared by software.

Bit <23> - Drive Fesponse Error
A T - - - e - - e S - —— . — — o~ — —

This bit is set by the port when o drive does not response with"Transfer" when the controller is lnading & Fead/Wwrite Commend into a
drive. Drive Response Error will terniinate the current transfer and
Command Cone will be set.

This bit will be cleared by software.
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Bit <22> - Channel Error
S - L G TED Mh e T e A AR A S AP G . r—— —

This Status bit 1is set when the Port, during a data transfer

operation, detects an error condition that will effect the validity

of the data transfer. The Port upon sensing this bit, will terminate

the current data transfer and Command LCone will be set.

This bit will be cleared by software,

D D e R A G A R A - . A ST S i M e - W Sats v

This bit will be set by the port if it has transferred e2ll1 the deta

specified by the channel command word but the drive is still not done

with the transfer. 1The port will terminate the current data transfer

and will set Command Done and transfer error.

This bit is clecred by software.

Bit <2¢> - Long word Count
S . . T — i —— ———— i — - - -

This bit will be set if the port has transferrec¢ the specified number

of sector (specified in the ‘lransfer Control Kegister) Lut the device

has not reached the final word count specified in the chennel command

word. ‘1he port will terminate the current dete transfer and will set

Commend Done &and transfer error.

This bit is cleared by software.

Bit <1$> - Drive Lxception
S TN A . R . RS T D D . MM - A NP M R . —

This bit is sent to the port by the drive specified in the current
read/write commend when @& transfer error condition (data perity,

etc.) is detected in the drive., The Controller will store the bit

and will terninate the current transfer. Command Done and Trensfer

Error will be set. Drive Exception will nnt cause the Read/Wwrite

Command tn be terminated 1if "Disable ‘1Transfer Error Stop" 1is

specified.

This bit is cleared bty software.
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Eit <18> - Data Parity Error
- G T A S D WD N T —— - D =——— =,

This bit is set when the port detects a parity error nn the MAPESbus

Data bus during & FRead and write Command. 1In the cese of & write

commana, the drive involved may also detect a parity error. The port
will terminate the Read/hrite Command and will set Command Done and

Transfer Error. Data Parity Error will nnt terminate the Fead/Frite

Command if "Disable 1lransfer Error Stop" 1is specified (see sec.

4.u).

This bit is cleared by software.

Not used.

11.17 MASSbUS PORT INTERFACE 1C CPU

Control information is passed between the gort and FBECX vie nmeilbox
(see sec 5.5 OF 2C8¢ FUNCTICNAL SEEC.).

11.18 MASSBEUS EIGNALS

Reter to DEC STANDARLD 159 for & detailed descriptinon of Mzssbus
signal.
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CHAPTER 12

IBM CCMEFATIBLE EBLOCK mUX CHANNEL

12.1 GOALS

The ¢goals for the 1BM Channel Interface is to provice the following:

l. A cost/effective IBM Elock Multiplexer Channel for 208¢ that
Jases a common I/C0 PORT architecture with the 2007 1CCC

adapter and the KL1¢ ICCS adajpter.

2. Avellsbility &t 208C CPU breadbnard power-on,

3. Control Unit independent design. The channel will be
general Lurpose without any Control Unit specific
micro-code. ‘1The software driver will deal with the Control
Unit at the Control Unit commend level.

4. Support up to 4 selector sub-channels.

12.2 GENERAL DESCRIPTICN

The 1BM Elock Multiplexer Channel is thysically pertitioned into twn
logically tunctional ieces; a single extended hex bkoard 1/0 Port
and & single extended hex board Channel bus Interface. See fiqure
7.1. The interface between the two functional rieces is & simyple,
general purpnse path called the Fort Link Interface.

Functionally, The IBM Elock Multiplexer Channel consists of the
following:

I/0 PORT FUNCTICNE

1. Date Formatter - This pachs anc unpacks bytes in different
formats. lormet selectinn is specified in & FLUFFFF
DESCRIPTCK thet is pointed to by & CEANNEL CCMMAND PACKET.
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GENEKAL DESCRIPTION

2. Data FMover -~ This moves data to a perirheral controller from

primary rnemory (write opreration) or moves data to primary

memory from a peripheral device (read ocperation). The Data

Mover uses & byte count and sterting address &s control

parameters. It is set up by the software via a BUFFEE

DESCRIPTCR that is pninted to by & CHAMNEL CCMMAND PACKET.

3. Eit-Slice Microprocessor - This fetches and proncesses

CHANNEL CCMMANDC PACKETS ,BUFFER TLCESCRIPTCRS &nd creates

CHANNEL KESPCNSE PACKE1S.

CEANNEL INTEREACE FUNCTIONE

4, Channel Interface - This contains Channel Bus drivers and
receivers, and @& micro-secuuencer ton control the IEVN bus

Frotocol. It also contains byte buffering.

A Channel Program, consisting of a series of linkecd Chennel Comménd

Packets is used tn set up the Channel Cata Iormatter, LCate Mover, and

send and receive Command and Status bytes to and from IEM Contrnol

Units.
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TC EBCX/MbCX

/1\

|

I

l ' ........................ - ——— e = — — - ———— o o

| IOBCX | 24 Megabyte/sec (RAW) ICBUS
R [ == e__ e
| CCNSCLE | I
______ - |

| | |
I | |

C1Y KLINIK —==m——x

| |
| PORT |

I |

POK |

LINK I

INTF |

l

| IbM |

| l
| INTEKF|

|
IEM |

CHAN | ———~—== mmeeo__
BUS | | IBM | | IBRN |

| | | | |
D T, | CNTRL |===wm=- | PERIPH|

| l I |
Figure 7.1 | UNIT | | UNIT |

Each one of the four sub-channels can control one IEM Contrnl UNit ata time (i.e.; one data transfer fper csub-channel) . Therefore, fourdata transfers on four different IEM Control Units can be activesimultaneously. Each of the sub~ channels haes a Chennel Commend Listassociated with it. These commend lists will reside nn the four 1/0Port Commend C(Cueues (npne commend list Fer Commend Queue), Linkageswithin a Commend List are Created via ILINKS and ELINKS as describedin the 2p€0 1,0 Subsystew Specification sectinn 7.p .

The four Command Lists have equal priority. The I/C Port willtherefore interleave all active Command Lists. [Inr example, if thereare three active Command Lists, the I/0 Port will execute a ChannelCommeand FPacket from Command Cueue €, then execute a Chznnel CommandPacket from Command Cueue l, then execute a Channel Conmreand Packet
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from Command Cueue 2, and then execute a Channel Command Facket from

Command (ueue ¢ again. The multiplexing point (i.e.; the point at

which the 1,/0 Port will switch from one commend list to annther) will

be at the time when the current Channel/Control Unit signal exchange

is completed. 1This is defined by the “"Chennel End" stetus byte.

within a particular Command List, the next Channel Command Packet
will be executed when the current Channel Command Packet has
"expired". fThis is defined by the "Device Encd" «tatus byte. When

the 1,0 Port switches from one Commend List to enother (Channel Fnd

seen by the channel), relevent state information on the Channel

Command Packet currently being executed will ke saved ky the I/C Port

in a KAM File,

There may be circumstances when the software mey wish to disable the

multijplexing of Channel Command Packet processing (i.e.; there is a
real time processing recuirement {or a whole Commend List or pert of

a Command List). To facilitate this recuirement, a Commnand Chain FEit

will be present in each Channel Command Packet. If this kit 1is set

then the next Channel Commend Packet will be fetched from the same

Command List as the one currently being executed. 2Mn example of this

is the Search Header, Data ‘Transfer seqguence used for disc

subsystewms. After a Scarch hLeader, a Lata 1ransfer command must be

issued within a fixed time to prevent an additinnal rntational delay.

12.3 COMMANL/RESPONSE PRCCESSINC

The SCF1TwAKE PORT DRIVEK in the 2r€¢ &ssembles COMMANEG &and stecks

them as CUEUE ENTRIES on the tail of one of four CCMMZND CUEUE

CHAINS.

The 1/0 POR1 asynchronously remnves the CCMMANL CUEUE ENTRIES from
the heed of COMMAND QUEUE CHAINs, decodes the CCOMMAND and takes the

appropriate actinn., This action may be entirely internal to the 1/0

PCKT, or it mey require that the I/0 PCRT trensmit the CCMMAND over

the PLI tno a renmniote node on the CI BUE nr to an IEM CCNTKCL UNIT on

the 1bm ChHAKRNEL EUS.

The 1,0 POR1 then completes the process by modifying the eppropricte

status bits in the CCMMARD and placing it either non the tail of 3
RESPONSE QUEUL CHAIN or the TAIL of & FREE QUEUE CHAIH, bnoth of which
reside in 2C8C memory.

I1f the I/0 PORT places the mndified CCMMANL on the RESPFONSE CUEUE

ChAIN; if the RESPUNSE CUEUE CHAIN is empty; and if the INTERRUFT

ENAELE bit in the 1/0 FORT'S CCMFICURATICN RECISTER is set; the 1/0

PORT will generate &n INTERRUPT to inform the PORT DRIVER of the
CUEUE ENTRY.

In this monde of operation the KFSPCNSE QUEUE entries are used tn send

status information to the PORT DRIVER. If the modified CCMMAND was
returned to the RESPONSE QUEUE CEAIN the PORT DRIVER may examine the
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resulting KESPONSE QUEUE ENTRY to cdetermine the staotus of its

associatea CCMMAND. (I.E. was the CCWMMAND successfully executed?).

The 1I/0 POR1 always returns the modified CCMMAND QUEUE ENTRY to the

TAIL of the KESPONSE QUEUE CHARIN if an error was encountered during

execution of the COMMAND.

The FRLE CUBUE CHAIN is simply a list of blank qgueue entries residing

in 268C wemory that both the FORT DRIVEK and the I,/0 PCRT mey use

whenever they need free memory to generate a new CCMMAND or RESPCONSFE

CULUE entry.

12.4 CHANNEL CCMMAND PACKET FCRMAT

NCTE

The 2080 port rfprocessor is & 232-bit

comjputer. LBits {{ to {3 are ignored in

all Channel Commend Fackets. o)

course, the jport will process all

36-bits nn a date transfer,

The format of Channcl Commend Fackets is the same ec< that used for

ICCS Commena Packets used on the 2(8C ICCS Adepter and the KL1{ ICCS

Adapter.,

The Channel Commanu Packet (hereafter called CCP) is created by the
CPU and fplaced on one of four command ¢guenes., A Command List
consists of many CCPE's linked together on & commend gueue via FLINKS
and bLINKS. 1he format of the CCI is shown below.

4 35 WCFD
e e e rmr— e — e ——— - ——— = o -— —————- +

! FLINK ! 1
e, —r— e, —————— - - e o e +

! BELINK ! 2
R i B T T T pup—— +

! CkC ! ZEKC 1} FLAGS | MASK-51A1US! 3
D e R D !

! ZEKC ! DEV ADDR ! 4

+ +

! CCmMAND SPECIEFIC | 5 TC 145

| !

R e T ete +

WCOKL LITS NAME CESCEIPTICN

1 <pd:3%> FLINK QUEUE FCRWZAFL LINK,

PHYSIC2L ALDRESE nf the first

location of the successnr

QUEUE ENTRY.
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2 <P4:235> ELINK CUEUE EACKWZRL LINK,

PHYSICAL ADPDREES of the first

lncation of the rfpredecessnr

QUEUE ENTRY.

3 <£td:11> opC CPERATION CCLES defined es

follows:

OPC (binary) CCMMBND

MMNMN ] SFNSE

XXXX 11l¢€¢ SPARE

MMMM 1101 FEAD~REVERSF

MMMM MM (] WRITF

MMMPM MM]1G READ-FCRW2ED

MivMb. MM] CCNTKCL

NCTE: M indicetes modifier

X indicates dnn't care

<12:19> ZERO Mist bLe zero.

<20:27> FLAGS I'lags cdefined &as fnllows:

<20> CHAIN If the ChHAIN bit 1is set,

then the next CCP will be

fetched from the seme command

list &s the CCP which just

extirec (i.e.; command 1list

multiplexing vwill not occur).

<21> SUPPRESS LEN If the SUPPRESS LENGTH bit

is set, than length errors

will be ignored.

<22> SKIP If the SKIP bit is set in =&

REAL CCE 1 deta trensfer to

main stnrage will be

suprressec. If the SKIP bit

is set in a VFITE CCP, than

zeros will be written instead

nf deta from main storage.

<23> SENSE If this bit is set, then a

SFNSE operation will onccur if

this CCP generates & CEl.
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<24> KESFONGE ENA I1f RESPCNSE ENAELE 1s set
than error free execution of

this CCP will vresult 1in a

CHANNEFL RESPONSE PACFET being

generated by the chennel and

then rlaced on the KEEPONEF

CUEUE. Executinn of & CCP

that results 1in an error

always generates a response

by the channel.

<25> REPEAT If this bit is set, than the
current CCF will be repeated

if the TCEVICE END status

ecuals the MRSK-S5TATUS. Fach

time the CCF is repeated the

REFEAT CCUNT is cdecremented.

Fepeated execution will cease

and the next CCFP will Dbe

fetched if the T[EVICE FEND

status does NCT ecual the

MAUK-GTATUD Ck thic repeat

count is decremented to zero.

This kit is used with CONTROL

CCP,s only (will be ignnred

by @11 other CCP,s).

<26> 1MvEAL-MCDE The IMMFLCIATE MCCE bit is
used with CONTECL CCP's, If

this bit 1is set than the

channel will find the contrnl

bytes in the CCP. Ctherwise,

a EUFFER TLCESCRIFTCR will bke

used to find the contrnl

hytes in mein storege.

<27> HALT If the HALT bLit is set &and &

device error or chennel error

nccurs than & CEP will Le

written and execution of tlhis

Command List will helt.

<2E:35> MASK-STATUS Used with the FFPE27T bit o<

described above.

4 <B4:24> N/E Not used,

<25:25> DEV ALR radress nf selected Jevice.
The two 1enst significant hits

are the sub-clennel nunber.

5->16 <P4d:35> Comm e nd specific. Cee
below.
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CCMMAND

OPC WCRD

REAC~-REVEREE

READL-FCRWARD

WRITE

5

6

SENSE

CCOCNTROL

SPECIFIC WCKLS
- WD TP R VIR IR W D D MR e MWD S TR WD D D N e e - e

6~->16

5

BITS

<¢4:35>

<U4:35>

<@4:1¢>

N N = |
9

w \
4

<U4:358>

<¢G4:3t>

LENGTH

N2KME

KEY

INCEX

LENGTH

N/L

LENGTH

a-JguL-eoc

Page 12-2

DESCRIPTICN

—— v — o — o -

Length of cata

transfer in bytes.

This 22 bit wnra

points tn & buffer

descrigtor as

fnllows:

The KEY is & unique

value stored 1n the

buffer descriptor,

KEYS must metch, else

ACCECE ERECR.

When added to the

physical address of

the base nf the

EUFFFER CESCPTIPTCR the

resul ting eddress

will pnint tn the

first location of the

EUFEFFR CFECETIFPTCE

HEATCEE.

The number of sense

bytes tn be

transfered from the

Control Unit. The

sense bytes will

arreer in a CPANNFL

RESPCNSE “CRL.

Not :sed.,

Number of bytes

recuired to be

transfered for this

commeand.
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6 <P4:35> NAME This 32 Lit wnrd

points to & EUFFFF

CESCRIFTCR &s in the

REAL, WRITF,

REAL~-KREVERSE CCP's.

The NAME will nnt be

used if the

IMMEAL-MCDE flag is

on,

7 <C4:25> CCUNT This FEPEAT CCUNT is

nsed in conjunction

with the PFPEAT flag.

The coumt will Le

decrenented eachk time

a8 CCPF 1is reypeated.

8->1¢ <g4:35> CCMMAND Comnrend bytes,

11->16 <Q4:35> N/2 Not used.

12.5 CHANNEL KESPONSE FACKET

The format of the Channel Response Packet is the scme formet used fnr

the ICCS Response Packet used on the 2¢8f ICCE adapter and the KLIC

ICCS adapter. ESee the 2080 I/0 Port Specificetinn for further

details,

The Cheannel Response Paecket (lhiereafter cealled the CKE) is created by

the channel a&and placed on the I/0 PFort Response (Cuene. The channel

will write the CRF under the following conditinns:

l. A CCP was executed with the KFSPONSE ENA bit set in the flag

field.

2. A channel error was detected during the executinn of a CCP.

3. A Control Unit or device <«¢rror was Cdetected during the

execution of a CCF.

The format of the CRP is shown below.

bBits marked with an "*" are conditinns that will fonrce & CRP tn be

written.

04 3%
o ———— - e = ——— -—— - ——

! FLINK ! 1

pmm—mm————— —————ee e +

! ELINK ! 2

TPyR SR —— +

! CPC | DEV-STATUS!FLACS! MASK-STATUS! 9
8
]
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l ZERO ! DEV ADDR
+

! CCMMAND SPECIFIC

!
e e ——————— —————

WCRD BITS NAME

1 <64:35> FLINK

2 <P4:35> BLINK

3 <g4:11> OFC

<12:1%> DEV-STATUS

<12> * ATTENTION

<13> STAT-MOD

<14> CU-END

<15> * BUSY

¢-JuL-ap

Page 12-10

DPESCRIPTICN

QUEUE FCEWARL LINK.

PHYSICAL ADLCRESS of the first

location of the SuCCcessnr

gueue entry,

QCUEUE BRACKWARD LINK,

PHYSICAL ALCLCRESS of the first

location of the predecessor

Gucue entry,

The CPC nf the CRP 1is the

same &as the CPC of the CCE

that genercted the respnonse,

The PEVICEL STATUS bits

describe the status of the

selected device et the time

the CCP that generated the

resgonse exjired. The

DEV~-STATUS bits have the

following meaning:

Cenerated when a manual

operation is initiated

through such & device es a

T1Y.

STATUS MCDIETER indiceates

thet the 7I/0 uanit cannnot

execute the commend.,

CCNTRCL UNIT END indicates

that the contrnl unit is nnw

free.

BUSY 1indicates that t he

device is busy.
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<16> CHAN-END CHANMNNEL END is elvays

generated when the 1/0

control unit no longer needs

the channel &nd 1is able tn

complete the I1/0 oreration on

its own.

<17> DEV-END CEVICE END is always

generated when the device

reaches its mechanicel ending
Eoint or when the cevice is

switched from the ready to

not-ready status,

18> * UNIT~CHhK UNIT CHECK is usuelly

generated when the device hsas

detected & & mechine

malfunction,

<1¢> * UNIT-EXCEF UNIT EXCEPTICN is generatec

when the 1/0 device fetecte -~

cnnoition thot dnes nnt

normelly onccur (i.e., tepe

ECT).

<20:27> I LACS FILACS are the sawme as the

flags of the CCP that

generated the response.

<2€:35> CHAN-STATUS The CHAN=S512TUS bits have

the fnllowing meaning:

<28> succ SUCCEEE indicates s:uccessful

completinn of the CCF thet

generatec the respnnse.

<2¢> * ILLECAL-CMD ILLECAL CCMRAND indicsates

thet the CCP that generated

the respnnse contained &

illegyel CPC.

<3C> * STATUS ERR STATUS FRECR indicates that

an errnr occurred during a

SENGE nperetion or during a

status in operation,
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<31> * CHAN BUS ERR Channel Bus parity error or

time out.

<32> * EYTE CCUNT

LENGTH EKE The device and c¢hannel did
not egree regerding the

nunber of bytes transfered.

<33> * ACCESS ERK This indicates that e huffer

access vinletion nccurred

(key mismetch).

<34> * OVERRUN Indicestes that a deta

overrun occurrec,

<35> * SEL ERFECR Indicates that the <elected

device did not resgnnd,

4 <C4:24> ZERO This field is zero

<25:35> DEV ALR DEVICE ADE 1is the same

DEVICE MR of the CCFP that

generated the respnnse.

COMMANL SFECIFI1C WCKLES & TC 15

. A D . . W . A D M A D R WD A S v e e e .

OFC WORD EITS NAME CESCRIPTICN
- - —— - — - - - — — — -~ - ——— —— - —

READ-RLVERSE

REAC-FCKWAKD

WRITE 5 <P4:35> LENCTH Séeme as the LENGTH

in the CCp that

generated this

respnnse.,

6 <C4:35> NANME Same &s the CCP that
genercated the

resgonse.,

7->1¢€ <¢4:35> N/ I Not used.

11->16 <p4:35> SENSE SENSE bytes (if
SENSE flag was set in

CCF).



CUMPANY CONEICENTIAL -- Do not duplicate ©-JUL~-80

Ibwi CCMPATIbLE ELCCK MUX CHANNEL Fage 12~-12

CLANNEL KRESPONSE PACKET

SENSE 5 <L4:35> LENGTE 1Tnhe residual byte

count after

expiretion of the CCF

that generated the

resgonse.,

6 <C4:35> N/2 Mot used.

7->1C <P4:25> N/A Not used,

11->16 <@4:35> SENSE Sense bytes received

from device.

CONTKOL 5 <04:35> LENCTH The residuel byte

count after

exriration of the CCP

that generetea the

response.,

6 <4:35> CCUNT The residual RFPEAT

CCUQT after

expliration of the CCF

that genercted the

resgonse,

7 <4:35> NAFF NAMF in the CCFP thet

generated the

response,

8->1¢ <B4:35> CCHMNFAND CCMIMEND bytes

sgecified 1in the CCP

that generated the

response.,

11->16 <p4d:35> SERSE SENSE bytes if SFENSE

fleg was specified in

CCP thet generated

the resgonse.

12.6 BUFFER DESCRIPTCRS

The format of BUFFER DESCRIPTCORS is the same &s that used for the
2080 1CCS Adapter and the KL1¢ ICCS Adapter,

Named menory buffers in the 2¢8C's physicel edadress space care
described by & 1linked <chein of FEUFFER CESCRIPTCKS. Each BUFIER
DESCKIPTCR describes & buffer or a segqment nof a buffer. The FEUFFEER

DESCRIPTOKS are assembled and inserted intn a EUFFFR DESCEIPTCE TRAELF
by the 2¢86 I,C PCRT DRIVEK. The LUFFER TESCKIFTCR TAFLE alsn
resides in the 2080's physicel address space.

A buffer name is a 32-bit quantity which is passed between PCRTS viea
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the NAME fields of the CHANNEL CCMMAND FACKETSE thet transfer date.
The 208¢ I/0 port uses the NAME fields tn find the the PUFFER
DESCRIPTCRS. buffer Descriptors inform the jport what portion of
memory to transfer to or from during & data transfer.

The format of a buffer name is illustrated below:

e mmm e >2680 WCRL{=======ccomune >

4 1¢ 2¢ 35
R b T R e T R DU +

! KEY ! INDEX !
D e T PP ettt M +

l. KEY - The KEY is an additional mechkenism to reduce the
probability of an incorrect access to a buffer. The Key is
generated by the port driver and must be the same for all

BUEFER DESCKIPTORS that make up & buffer to bLe transfered.
Name fields of all commands must heve & Fey that metches the
key of the associated Euffer DPescrigtor. of the
corresgonding EUFFEK DESCRIPTCR. The KEYS must match. A
mis-match is flegged as &n e&ccess error. The Keys nof
different date buffers must not ke the same to Lrevent the
port from linking them. The end of & buffer is flaged by a
change in key.

2. INDEX - The INDEX field supplies a pointer to the first
BUFEER DESCRIPTCR of the named btuffer., bthen the INDEX field
is added to the EUFFER DESCRIPTOR Ease Register the
resulting wvelue will be the physical address of the first
BEUFFER DESCRIPTOR of the described buffer. 1n npen & neamed
buffer the 2¢8¢ PORT DRIVER fills in the approrriate fields
and sets the VALILC (V) bit of the EUFIER LESCKIPTCRS. At
this point the EBEUFFER DESCRIPTCRS are under contrnl of the
208L port. The 208U PCRT LCRIVER mey not further modify the
EUFEFER DESCKRIFTCRE until they have been clonsed.

The 2080 PORT CRIVER may modify &ll FEUFFER DESCEIPTCRS associated
with the EUFFEK after the I/C Port has cleared the "y© bit.
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EUkFER DESCRIP1TCRS

BEUFFER DESCRIPTOR HEALER

L T 2G80 WORD=~===-==-~ ————————— ———————— >

W CRD
R ekt e R TS +

B R - >1c|2c|21|22< ——————————————————— >25| 1
I KEY Iv |E | RESERVELD !
| m e e e e e e c——m——————— —————— +

oR TP 213 ]14<=mmmm e e elo >335 2
| RESERVED | PHYS ALR Cb FIRST BUFF SFC DRESC |
L e Rt i T U +

| USED FCR ICLS | 3

o e e e e e ————— +

| USEL FCR ICCS | 4
R i et T TR ———— e——— - — - -+

| LENGTH | g

e i it e TR +

BUEFbLK SEGMENT DESCRIFLUK

e b T T e ettt —-———t

04<=>C0167 |U6<=>13|14<=mmmmmmmmmmm oo >38 | 1
| MCDE |L | RSVD |FHYS BEASE ACR OF EUFF SIPCMENT !
i e et e E T T +

|4<=mmmmme e~ 21214~ rm e e e e - >28 | 2
| RESERVED | PHYS ALDR 05 NEXT FUFF SEC DES |
e ekt et T T PP +

| USED EFCR ICCS | 3
e e e T TN +

I SECMENl LENGTH | 4
e it aaartanir eygy -+

l SECMENT EYTES TRANSEFERED | £
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WCRE

WCRE

BUELFEE

Page 12-16

DESCRIPTCR HEADER
D SUR S D IR G AR S S . G o —— — o — e

EITS

<$4:19>

<20>

<21>

<14:35>

<04:35>

<g4:35>

<g4:25)>

BUFFER SEGMENT DESC
il e R et e 3 appp—

BITS

<P4:06>

<G7>

<4:13>

<14:35)>

NAME

KEY

BSALCR

N/2

N/2&

LENGTH

NAME

MCDE

L

DSBALCR

Buffer Key. 211 named refercnces tn
a Euffer must supply the correct KEY.

valid bit. If "v" is set, the

buffer cefined by this FUFFFER

DESCKIPTCR is opened and the

remaining filelas must contain velid

information.

ERKCR. VWhen set indicates that an

access vinlatinn or length error

occurred during the reading nr

writing of the buffer,

Physical adcdress of the first FUFFFR

SECMENT DESCRIPTCR which describes

contigunus reqion of this buffer,

Used by ICCS.

Used by ICCS.

The length of the buffer in bytes,
RIPTCR

- ——-

DESCRIPTION

Mode Field, Pefines byte packing
mode to bLe used with this EUFIER

SEGMENT DESCRIPTCR,

Last EUFEER SFCWMENT DESCRIPTCR.

RESERVED

Physical address of the base of the
contigunus region of the date buffer
defined by this EUFFER SECMENT
DESCRIPTCR.
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bUFEER DESCKIPTORS

2 <g4:13> RESERVED

<14:35> EBSDARLC Physical address of the next EUFIFR
DEECEIPTCR SEGMENT,

3 <WY4:35> Usea for ICCS

4 <€4:35> SEC-LEN The length of the segment nof buffer
in bytes which 1is defined by this

EUFFFR SECHMENT DESCRIPTCR.

5 <C4:35> SET SECMENT EYTES TRANSFERED. SE1 is

initially set to zern by the Port

Driver. The T1/C Pnrt stores the
nunber of fctual bytes traensfered

each time it transfers data te or

from this region of btuffer,

12.7 INTERKUPTS

Interrupts are generated by the I1/0 PCR1 ‘inder the follnwing
conditions:

1.

2.

3.

4.

5.

6.

Port initiclizatinon has been completea.

The PURT has inserted a CHANNEL KESFONSE P2CKET on &n empty
RESPONSE CQUEUE.

Thie PORT hes placed an entry on an empty FREE CUEUE.

A FREE CUEUE entry was needed for processing &nd was not
available.

£ nenory error was detected on ¢ 2080 nemory reference.

An internal FCR1 hardware error occurred.

Refer to the 280 I/0 Subsystem Specification and the 2rop I/C Fort
Specification for further details.

12.8 1I/0 PORT CCMMAND C1ATUS RECISIEER

Refer to the 2¢8¢ 1/0 Port Specification
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PLI INTERFACE SEFECIFICATION

13.1 GENERAL

inhe PORT, Packet tuffer anc LINK combine tn provide the

interface and control mechenism for a device to tre ICCS Eus.
The POKT 1s the interface to the host device and 1is

responsible ftor data nopping, cete buffer hendling end

control of the Facket EFuffer and LINF interface.

The Packet EButfer module provides dual 1K transwrit Luffers

and dual 1K receive Luffers. Some contrnl for the LINK

mocule is also provided by thie Packet tuffer module. The

LINK provides the e&actual interfece tn the 1CCS Pus and is

cajable of servicing 2 TCCS Busses. The serializetinn and

deserializetion of data, 32 kit CIRC generctinn and checking,
ICCS protocol handling, and contention arbitration, arc

provided by the LINK.

the PLI Interface is the means through which data transferc
and comnunications between the PCORT Packet EBuffers snd LINK

occur. 1he FORT has a master/slave relationship with the

Packet buffer Link c¢ombination, 211 date treffic end FLI
functinons are controlled by the L[OKT.

The FLI interfcace has been kept simple and gencral to allow
flexibility. It is intended that the Facket [uffers LINK and

POKT reside in the same backpanel.
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PLI INTERFACL SPECIEFICATION Page ]12-2

PLI INTERFACE SICNALS

13.2 PLI INTEKFACLEL SIGNALS

| DIRECTION | I | MCDULE
S1IGNAL | POK1T LINK]| LINEC | LCGTC | PIN

................ .__--+_--..-_..__.._-+._Y.._-..._‘+_....,_.-_,_..-_.-_._.._.. - -

DATA (7:C) | {====> | 8 | TRI-S1T | TBS

SELECT | -———=> | 1 | T1L | TRS

RCVK BUFFER A FULL | (e~ l 1 | TTL | TBS

RCVR BUFEFEK E FULL | {-=—= l 1 | TTL | TES

XMTR ATTENTION | {wm—- | ] | TTL | TRE

PLTI CONTRCL (3:¢) | —-————D | 4 | TTL | TRS

LCAL DA1A PAKITY | -——=> I 1 | TTL | TRS

RLCEIVE CATA PAKITY | (=== | 1 l TTL I TES

CLCCK | -————> I 1 | TTL | TES

INITIALIZE | —_———— | 1 I TTL | TRS

RECEIVER S7TATUS | === | g | TTL | TES

TRANSMIT STATUS | {==== | 8 | TTL | TES

13.3 DATA (7:¢) (TRI-STATE, ASSERTED HICH)

These lines are used to transfer data to end from the Packet
Buffers and to pass status and control informatinn. Status

goes to end from Lboth the Facket Fuffers &and the LINK.

Control lines determine the directinon and type of information

being transferred.

13.4 SELEC1 (TTL, ASSERTEL LOW)

The select line must be asserted by the PORT tn execute all
data transfers &nd control functions, This line acts as &n

enable for the FLI control lines. 'The LINK will ¢provide e

pullup resistor on this signal so thaet, if the PCRT is not
installed, the LINK will not respond to the flnating control

lines.

13.5 KCVK BUFFER A FULL (TTL, ASSERTED HICH)

This line is asserted by the Pecket Euffer when receive
buffer 2 has stored a valid packet. The signal will remain
asserted until buffer A has been released by the (Release



l

I

|

i

I

I

I

I

I

I

I
I

I

I
I

I

I

I

I

I

I

I

I

[

I

I

I
I

I

[

I

I

I
I

I

I
I

|

I

I

I
|

|

I
I

I

I

I

|

I

I

COMEANY CONEICENTIAL -- Do not duglicate c-JguL-ar
PLI INTERFACL SPECIEFICATIGN Fage 13-3
RCVK BUFELR A FULL (1TL, ASSERTELD HICH)

13.6

13.7

13.8

kCVR Ruffer) function. Ekuffer 2 must have been selected by
the (Select Read buffer) function Lbrior to the (Recleese KCVR
Eutfer) function.

RCVK bUFFER B FULL (T1L, ASSERTEL LIGH)

This line is asserted by the Packet FEuffer when receiver
buffer Et he&s stored a valid packet. The signal will remein
esserted until buffer E has been released by the (Release
RCVR buffer) function. Euffer F must have been selected by
the (Select Read Euffer) function prior to the (Release KCVR
kEuffer) function,.

XMTR ATTENTION (T1L, Z2SSEKTFED HIGH)

XMTk ATTENTICN is asserted bLy the LINK when there 1is &
response to a (TRANSMIT) functinn . The response may be any

of the follnwing:

ACK NAK Transmit Euffer Parity Error Abort flrensmissinn

The responses ere described in the ‘1ransnit Ststus sectinn
(13.€.2).

The XMTR ATTENTION will remain asserted until the (Reset XM1R
status) function is executed by the IORT.

PLI CONTRCL (3:C) (TTL, ASSEERTEL HIGH)

There are four PLTI CCNTRCL lincs originatino at the PCRT
which are uscd to control the interface activities of the
Packet Lbuaffer and LINK. Control functions cdenntec Ly (*)
utilize the DA1A lines to pass auxiliary control infornction
to the Facket Enffer and LINK. The CELECT Line nmust bLe
asserted to meke the COCNTRCL lines velid. The CCHTRCL 1ines
are encnued as follows:



CLMPANY CONFILENTIAL ~-- Do not duplicate oO-JUL-8¢
PLI INTERFACE SPECIFICATION Page 13-4

PLI CCONTROL (3:&¢) (TTL, ASSERTELC HIGH)

bt ittt T e e Ll +

| PLI CONTROL BIT | |
tmm————— = tm—————— $mm————— it + FUNCTICN |

| MAINT | 3 | 2 | 1 | 4] | I
+——————- t—————— - ————- tm————— pm—————— o et +

| ¢ OK 1| ( | g | 4 | 9) | TRANSMIT SET UP (*))
4 t-————— tm—————- t—————— - e~ +

| € GR 1| 9 | ¢ | ¢ I 1 | LOAD TRANSMIT BUFFER (*)|
e ——tm—— —tm—m———- Fm————— $m—m———— e e P P +

| ¢ OR 1] G I Y I 1 | ¢ | RFSET TRANSMIT EUFFER l
t————— ——t - ——— L +—————— e et e ittte Rl b e +

| ® Ok 1} ( I ( | 1 | 1 | TRAVOMIT (*)|
- ————— $--———— - t=—————— $m—————- fomm e — e e - +

| ¢ Ok 1] 3] I 1 | 4) | ¢ | RESET TRANSMIT STATUS !
+-—————- - Fm————— D tmmm————— Tkb +

| 6 Ok 1| 4 | 1 | C | 1 | AECRT TRANSMISSION |
tommem——— +—————— +-————— $————— —tm——————. pommmmm e m e e e m e e e +

| U OR 1} ( | 1 | 1 I 4] | ENAELE LINK CCNTRCL (*)|
tem———— to————— e $-—-m——- e Tbt bt +

| 6 CR 1} ¢ | 1 I 1 I 1 | DISAELE LINK CONTRCL (*)|
e e it +-———-—- tm—mm——— R fommm e — e e - +

| ¢ | 1 | G | 0 | ! | REAL RECEIVER STATUS I
t—m———— - tmm————- tm—————— pmm—————— e mm e — e, e, ——— - +

I % | 1 I ¢ I Q I 1 | REALC TRZNSMIT STATUS I
o t-—————- tm—————- tem————- - T +

I G | 1 | £ I 1 | f | REALC RECEIVFP EUFFER |
tm————— t-m———— - e R A ektL L +

| 0 | 1 I ¢ | 1 | 1 | REAL NODE ADDRESS |
tmm———— t—————— $m————— t-—————- tmm———— e — e — e —m— - ——— = +

I 9 I 1 I 1 | 0 I ¢ | RFLEASE RECEIVER EUFFER |
e ———- +-m————- pm—————e - ———— e et ettt +

| ) | 1 I 1 | ¢ | 1 | SELECT MAINT WMCDE (*)|
fm————— t——————- - t-————-- pmm————— ee it +

I G | 1 | 1 | 1 I 6 | SELECT REALC EUFIER (*)|
e t-—————- it L LR P —tm—————- e etD R+

I ) | 1 I 1 I 1 | 1 | GELECT LCAL FUFFEFR (*)|

t-m————- t=—m———— t——————- - ———- pmmm————— dmmm ee - +

| 1 | 1 I ¢ | 0 I 4 | RE2RD TEZ2NSMIT DATA |
e e f———— - f-—-—--- $=—————- R etR +

I 1 I 1 | # | 4 I 1 | REAL MAINT 1 I
S e e R R T i i ettte TP L P +

| 1 | 1 | C | 1 I C | REAL MAINT 2 |
- tm—————— t-—————— t=——————- pmm—————- Fmmmm e — e — e —— - +

| 1 | 1 | € | 1 | 1 | REALD RAINT 2 I
t—————— fmm————— tmm———— $-——————- et e it Tt +

| 1 I 1 | 1 | 0 | 0 | READ MAINT 4 |

e ————- te—————- - ——t——————— t=—————— bemm e e e, - +

I 1 | 1 | 1 I ¢ | 1 | SELECT MRAINT MCDE (*)|
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PLI INTERFACE SPECIFICATION ‘ Peage 13-5

PLI CCNTRCL (3:¢) (TTL, ASSERTELD HIGH)

13.8.1 Read Kkeceiver Status

This function will cnable the receiver status bits onto the

CATA 1lines. These status bits also appear on module fingers

for cirect access. 211 receiver cstatus bits are synchronized

to the FLI interface clock.

) 3 1Y - 1 : - 11 R
The status bit allocatinn is as fnllovs:

7 5 5 4 3 2 ] ¢

- e ———— - tm———— - pmm———— e it 2

| RCVR | CKC | - ~ ~| EUFB | FEUFP |FTRST | EUFE | FEUF2 |

| ENB | ERR | | EUS | EUS | EUF | FULL | FULL |

et D et i S e - t--——-- e et &

LIT DESCKIFTION

7 Receiver Enable: This bit is set the as & recult of an

(Enable LINK Control) function with bit 7 set. Wwhen cleared,

the LINK 1s shut off tn all ICCS traffic.

Receiver Eneble is cleared by INITIALIZEFE and by the (Disable

LINK Control) function with bit 7 (kecuiver TCisable) set.

6 CKC Error: 1This bit 1is to be used in connjunction with

Internal or Ekxternal Loop mode. Vhen set, it indicates thet

& CRC error was detected on the message onr deta packet

received. CRC is not generated or checked on PCK packets

while in loop mode. This bit is invelic while nnt in 1loorp

node . '

CRC Error is cleared by INITIALIZE anc by the (Reset Transmit

Status) function,

5 Unaefined

4 buffer B Eus: This bit indicates which ICCS Euas the last

packet in Receiver Euffer B was received,

9

1

ICCS Bus &

ICCS Lbus bi
 

n

Euffer E Lus is cleared by INITIALIZF.
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PLI INTERFACE SPECIFICATION

PLI CONTRCL (3:¢) (1ML, ASSERTELD BIGH)

3 Buffer 2 Bus: 1his Eit indicates which ICCs

racket in Receive Buffer A was received.

¢ ICCE bus 2

1 ICCS bus E

Euffer A Bus is cleared by INITIALIZE.

n
o
w
u

2 First bBuffer: If both Receiver Euffer I Full

Eutfer A Full are true when the leceive Statu

bit will indicate which of the buffers was

Ctherwise, the bit is invalic.

¢ = Buffer 2

1 = Buffer F

1 Receiver Euffer E Full: Set when a velid rja

stored in Receive Euffer E,.

Receiver buffer b Full is cleared by INITIALIZ

(Release Receiver Buffer) function if buffer

The (Select Read Euffer) function is used

buffer.

U Receiver Euffer A L[ull: Set when & valid pack

been stored in kecelve Euffer p.

Receiver Euffer A Full is cleared by INITIALIZ

(Release HRecelver Euffer) function if buffer

The (Select Kead tuffer) function is used

buffer.

13.8.2 Kead Transmit Status

This function will enable the trensmit stetus

lines. These bits alsn appeear on module fin

access, All Transmit Status bits are synchron

interface clock,

The status bit allocetinn is as fnllows:

7 6 £ 4 3 ?

te————— R e ——— tem——— - fomm————

| XbUF | CDB | CDA | XMIT | ARE | XMIR

| PE | I | ABR1 | | BUSY
tm————— tm————— tm————— tm————- $m————— t——————

T DS G TR G SIS R N G D I D MER SR R VI G SR SER R D N IR SED W AR D A S D Mme R WD R W me S AE G VR R NS W e e e e

c-JuL-2q0

Page 12-5

Euus the 1last

and Receiver

s is read, this

filled first,

cket has Leen

E &nd by the

F is selected.

tn select the

et has

E and by the

A is selected.

tn select the

onto the LCATA

gers for direct

ized to the PLI

----- STRS

NAK | ACK |

e . —— G -~
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PL1 CCNTROL (3:6) (TTL, ASSERTED HIGH)

l lransmnit buffer Parity Error: 1his bit is set if a gperity

error was detected on the cata in the trancemit buffer during

a transmission. A parity error will ceuse the XvM1Kk ATTENTICN

tlag to Le asserted end the transmission to be aborted.

This bit is cleered by INITIALIZI and by the (EKeset Transnit

Status) function,

ICCS b Carrier Detect (CLCB): This bit indicates the steote of

thhe carrier on ICCS Eus E.

= C

¢ = Ca

ICCS A Carrier Detect (CDA): This bit indicetes the stete of

the carrier on ICCS Eus A.

1 Carricr nn

( = Carrier off

Trunsmission Aborted: This bit is set when <& trensmicsinn

was aborted by the (Trensmission Zhort) function,

Trensmission Aborteu is cleered by INITIALIZE 2n¢ by the

(Reset 1ransmit Stetus) function,

Arbitration : This bit is set when the arbitratinn count has

explired after a (Trensmit) function. This dnes not mean that

Lhe transmition has taken fplece <ince rearbitration takes

place under certesin conditinns. (seec sectinn 2.1.2 =f ICCS

LINK sgpec).

Erbitration is «cleared Ly INITIALIZE &nd Lty the (keset

Transmit Status) function,

Transmitter busy: 1This bit is set by the (Transmit) function

and indicates that a Mransmit sequence is in proagress,

Transmitter busy is cleared by INITIZLIZF &nd Ly the (Feset

“ransmit Status) functionn.,

NAK: ‘this bit is set when a velid negetive reply is received

in response to a transmitted pachet. 1The NAF is the response

from the destination node that bLoth of its receive huffers

were unavellable. NAK will cause the ¥R ATTENTICON flag to

be aéssceried,

NAK is cleared by INITIALIZE &nd by the (Feset Treonsmit

Status) function.
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PLI CCWNTRCL (3:£) (1T71TL, ASSERTED HIGH)

¢ ACK: This bit is set when a velid ¢fpositive acknowledgement

is received 1in response to & transmitted packet. PMCK will

cause the XMTKk ATTENTION flag tn be asserted.

BCK is cleared by INITIALIZE and by the (Reset Transnit

Status) function.

Read Receiver Buffer

This function enables the contents of the currently addressed

location in the receive buffer, selected by the lest (Select

Read Euffer) function, onto the TLate 1lines. The address

counter for that buffer will be incremented at the end of

each cycle in which this function is asserted. A byte count

nust be meintained by the FORT to determine when to stor

reading the receive buffer. The parity bit for the read date

will be passed to the PORT on the KRECEIVE DAT2 PARITY line.

The PORT cannot load the address counter of the receiver

buffers and, therefore, cannot randomly access the buffers,

The data is aveilable from the receiver buffers secuentially

from the first byte received to the last byte received as

shown below.

= ————— e—— - | +

| Body Byte Y | + |+

R ittt it | I

| Source Eyte | |

| = e e ——————— | DIRECTTON

| Destination byte (complement) | of

| = m e e e e———] FEAD

| Destination Lyte (truc) | |

: |

| Packet Type/ (1ow) | |

|

|| Paecket 1ype/Length (Ligh) | LCC ¢

Receiver Euffer Data Crganization
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PLI CONTKROL (3:€) (TTL, ASSERTED HIGH)

13.8.4 Load Trensmit buffer

When the POR1 wishes to load one of the transmit buffers, it
must first select the desired buffer via the (Select Lnad
buffer) function. Thereafter, the (Load 1Trensmit Luffer)

function will cause the data presented on the MATA 1lines ond
its associated parity bit to be written into the selected
buffer, The buffer eddress counter will be incremented at

thie end of each cycle in which the load commend is jpresent.
The (Load Transmit Euffer) commend is necessery for each byte

transfer to the Packet Fuffers, The Facket taffer will

continue to 1load & new byte into the packet buffer for cach

PLI clock perind that the Lonad Transmit Fuffer [Fanctinn is

asserted with select. 2 transition ic not recuired,

Loading lransmit Fuffers

The transmit buffers are loaded from locatinn M to locetinn n

where

n = the number of bLytes lonaded into the buffer bty the PORT

The ‘lransmit buffer is loneded starting at lacatinn

0 with the &ddress conunter incrementing after eccl. (Load

Transmit EBuffer) function. The last locatinn lnaded is

saved for use in determining the last location to

transmit.

The transmit buffers

must be lonaded, starting at location @, as shown below.
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PLI CONTROL (3:¢) (TTL, ASSERTEL HIGH)

| Packet Type/Length (hlgh) | LcC ¢

Transmit Buffer Lata Crgenization

13.8.5 Release Receiver Buffer

This function will reset the receiver bhuffer

new packets., (Release heceiver Puffer) causes

address pointer to reset to zero and resets the

Euffer) function

13.8.6 Read Nnde Address

The (Read Node Address) functinn is used to read

switch.

INITIALIZE will not disturb the LINK node address

receiver 1is enabled.

FULL line nf the buffer selected by the 1last (S

9-JUL-80

Page 13-1°C

| ===e e - - | +

| ndy byte 0 | + |+

R et it e L L DL Ll bl | |
| Source Eyte | I

| e e ee e - ————— | DIRECTICN

| Destinatlon Byte (complement) | of

| = e e | LOAT.

currently

selected, making it oaveilable to the ICCS for buffering of

the Lbuffer

RCVR ERUFFFR

elect FReead

the © it

ICCE nonde cacdress from the LINK's node eddaress thumbvheel

register.

The (load Node 2ddress) function must not be issued while the
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PLT CONTKCL (2:{) (TTL, ASSERTEL HIGE)

13.6.7 Select heao bkuffer

Thie Facket Euffer hes 2 1K byte receive buffers which are
usec to store inccomming ICCS Fachets, The (Select ERead
Buffer) function is used to select the receive buffer tn be
read via succeeding (heed Feceive Luffer) functions, fThis
function will also select which receive Luffer will ke reset
by the (Release Receiver Luffer) function. The Eort also hes
the ability to read the data it has Fut into the trensmit
buffer. DATé bits 2-¢, supplied by the PCRT, are defined as
follows curing this function.

DATA EIT 2-¢ DESCKIETICN

(0L Select Fkeceiver Luffer 2

5 G Select Receiver Fuffer E
Cle Celect ond offset 7Zddress of rec Eaffer 2
011 ©Select and offset 2ddress nf rec Eaffer p
10¢ Select Transmit Euffer 2
101 Select 1Trensmit kFaffer E
1l belect end offsct trensmit Fuffer b
111 Eelect and nffset transnit Faffer E

DATA EIT €-3 =offset in bytes from cddress ¢

L
o
y

[
’

Recelver Fuffer b will be selected by INITIALIZE.

Select Load Lkuffer

The Packet Euffer has 2 independant 1K transmit buffers which
are used to store outgoing ICCSH reckets. 1he (Select Lned
buffer) function is used to sclect the tréensmit buffer tn ‘Le
loaded via succeeding (Loea lrensnit buffer) functionns., This
function will also select the transnit buffer for the (Reset
Transmit kuffer) function,

Data bit ¢, supplied by the FCRT, is defined as fnllows
Guring this function.

CATA BIT ¢ CESCRIFTICN

(G Select 1rensmit Fuffer 2
Select Transmit Fuffer [

Treanswit buffer 2 will be selected by INITIALIZFE.
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PL1 CONTROL (3:£) (T1L, ASSERTEL HIGH)

13.86.9

13,8.1¢€

Transmit Setup

This function is used to select which trensmit buffer end

which ICCS EBus is tn be used by the next (Transmit) functinn.

Either buffer may be transmitted over either ICCS tus, CATR2

Eits 1 and @ &re defined as follows during this function,

tm———————— tm—————— fmm————i ————— ———————————— -

| DATA bIT| STATE | DESCRIPTIOCN ]
g g e ——- B e ————————

I 0 l 4 | SELECTS TRANSMIT BUFFER 2 |
| | 1 | SELEC1S TRANSMIT FUFFER E |

e ——— tm—————- e mmm e r e r e r e - — +

I 1 l ¢ | SELECTS ICCS BUS A |
| | 1 | SELECTS ICCS BUS E |

om - et m—————— e — e — e e~ —————————- +

This functinon must nnt be executed while & transmit secuence

is in progress.

INITIALIZE will select kuffer A and ICCS Eus 2.

Transmit

The (Trensmit) function will initiate ICCE arbitretion on the

ICCE bus selected by the (Transmit Setug) function., The

selected buffer will be trensmitted HpNn successful

arbitration. The PORT must plece the arbitration persistance

number on the L[ATA lines when this function 1is 1issued.

Parity 1is checked on the buffer deate as it is trensmitted

and, if a perity error occurs, the transmissinon will be

aborted,

The persistance number is & 4 bit number which is loaded into

the LINK persistance counter Via LCATA lines (3:f). This

number represents the number of quiet slots the LINK must

observe on the selected ICCS Eus before transmitting, unless

that ICCS Bus was quiet when the (Transmit) functinn was

issued. In the 1later «case, the transmissinon will begin

imnediately.

It is possible to retransmit a buffer without relnading it.
There are several retransmit situations. These situatinns

and their respective procedures are as follows.

A. ketransmit immediately on the same ICCS Eus:

1. Issue a new (Transmit) function.

B. Retransmit immediately on the alterhate ITCCS Bus:
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13.€.12

13.8.13

PLI COCNT KCL (3:¢) (TTL, ASSERTEL HIGH)

l. Issue the (Select Load Fuffer) function.

2. Issue the (Transmit Setup) functinn.

3. Issue the (Trensmit) function.

C. Ketranswmit buffer 2 (BE) if buffer F(Z) bas been

transmitted since the originel transmissinn,

1. Issue functions 1,2,2,4 the same as in case FE

above.

Cnly one (Transmit) function can be executed at & time. Thet

is, the transmission must have been completed or aborted and

the 1rensmit Steaetus 1wust be cleared¢ hefnre & second

(Transmit) function can be issued.

RKeset 1Transmit Status

This function must &lways be executed ot the end of e

transmission sequence, i.e., in respnnse tn & XMTR 2ATTENTION

line after reading the transmit status. Tt will reset sll

transmit status bits, excert kits & (Ccra) &nd 5 (CPR).

Resct Tlreansmit Euffer

This function will reset the address conunter nf the trensrit

buffer selectea by the last (Zelect Lnad Fuffer) functionn,

This function must be issued j(rior to 1oading & transmit

buffer.

Select KMaint Mode

The Select Maint Mode function allows diegnostics tn exemine

internal 1logic in the Packet Euffer Eoerd to provide fault

isolation. ‘The Date Eit format is as fonllcows:

6 5 £ 3 2 ] C

fmm————— te—————- e R ittt R bk StP e +

| NCT | NCT | NCT | RCVR | RCVR | MAINT | F2AINT |

| USLD | USED | USED | BUFB | FUF2 | LOCP | MCDE |
| | | | ENA | ENA | EnA | ENA l

e ———— fm—————— e ittt +----- ——t - te—————- +

T DESCRIPTION
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13.8.14

I

I

I

I
I

I
I

|

I

I

I

I

I
I

I
I

I

|

I

|

I

I

I

I

I

I

I

I
I

I

I
I
I

I

I

I

I

I

I

I

I

I

I

I
|

I

I
| 12.8.15
I

I
I
I

I

I
I

I
I

PLI CONTKCL (3:¢) (TIL, ASSERTELC HIGH)

“AINT MCDE - Data bit ¢=1 will cause Maint Mode to set. anc

data bit ¢=0 will cause Maint Mode to clear. The Maint Mnde

bit redefines Read Feceiver status, Reed transmit status,

read receiver buffer, read node address, and release receiver

buffer to be weint functions. Reset clears MAINT MCDE.

MAIN1 LOOP - Maint Long allows the trensmit datse tn be lonoped

into the receive input register. This function should only

be done while the link is disabled. mMaint lonp will have no

affect if Maint Mode is not also set.

Receiver buffer A: (Enable...) will enable receiver buffer 2

to be used to store incoming ICCS packets.

(Disable...) will cause buffer A2 to always appeor full tn the

ICCS, thus, making it unaveilakle. 1The BECEIVER BUFEFFR 2

FULL line (Receiver Status bit ) will not ke set.

INITIALIZE will enable buffer 2.

Receiver Buffer E: (Enable...)) will enable receiver Luffer

E to be used to store incoming ICCS packets.

(Disable...)) will cause buffer E to always eappear full to

the 1CCs, thus, making it unavailable. The RECEIVER EUFFER B

FULL line (Receiver status bit 1) will not ke set.

INITIALIZE will enable Euffer E.

Abort ‘1ransmissinn

(Abort 1Transmission) will cause a currently ective

transmission to be aborted and will set bit 4 (Transmission

Aborted) of the Transmit EStatus. YMTR ATTENTICN will 2lsn be

asserted. If XMIR ATTENTICN 1is &sserted when the (2bort

Transmission) function is issued, the abort will be ignored.

Enable LINK Contrnl/Disable LINK Contrnl

These functions are used to enable and disable certain 1long

term <controls in the LINK. 2 particular control may be set

by executing (Enable LINK Control) with a 1 in the CATA 1line

bit position corresponding to that control. A conntrnl mey be

cleared by executiny (Disable LINK Control) with a 1 1in the

proger bit position. Transfer of a ¢ in any bit pnsitinn

will have no effect on the correspnnding contrnls.
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The DATA line bit layout is as follows:

7 5 5 4 3 2 1 (

+-—m——- +-—-——- 4 e b ———— R Mttt +—---—-—t

| RCVR | FCKRCE| VALID| EXTWM | INTM | ECRCE| SWAP | RCVR |
| E | CCET | RFAR | LOCF | LOOP | ARE | ALR | A |

| ENA | ENA | ENA | ENA | ENA | ENA | ENA | ENA |

e s e te————- tm————— dm————— b R ik Sttt +

ENAELE LINK CCNTRCL

7 6 5 4 3 2 1 (

e e st e es e t-— - D ee b e +

| RCVR | FORCE| VALILC| EXTM | INTM | ECRCE| SWAF | RCVR |
| L | CCE1 | RPAR | LCCP | LCOP | ARL | ATR | A |

| pIs | bis | ©Is | DIS | DIS | DIS | DIS | DIS |

e it DL e e pm————— $m———— pm————— Rs +

DISPELE LINK CCNTRCL

EIT CESCRIPTICN

7 Receiver L Enable/Disable: (Enable...) activetes the LINK

receiver k making the node eccessable by remote nndes on this

rath, or CI bus.

(Keceiver E Disable...) will cause this node tn ignore 211

ICCS traffic on the E Dbus, Internal Loo}p nnode will not

functinn if the receiver is enabled.

INITIALIZE will disable the receiver.

O Force Carrier Detect: This functinn rust only be used in
conjunction with Internal FMaintenance Loop nmnde.

Enable.. causes the link to sece a detected carrier. This
forcec carrier will start the header timeout logic &nd will
stop the arkitretion seqguence,

5 valid keceiver Farity: (Enable...) function will force the

receiver to generate ocud parity in the date buffer.

(Diseble...) will ceuse the LINK receiver to generate even

parity in the date buffer,

INITIALIZE will set the receiver to odd parity.
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4 External Loop: (Eneble...) will allow the LINK tno receive

its own traensmissinon by 1looping on the selected ICCS bus.

Internal and Lkxternal Loopr modes must never Lbe invoked

simul tenenusly.

The following requirements must be met:

l. 1he LCestination field in the ICCS packet must cnntain the

adcress of this node.

2. The PORT must load & pre-calculated CRC inte the buffer

immediately following the date. CRC will be checked ky the

receiver,

3. The packet byte count nust not include the CRC

characters.

4 Transmit buffer loading and trensmit setug functions nust

occur the same as they do for normel operation. 1he nnrmel

ICCS arbitration sequence will occur when a (Transmit)

function is issued while in External Loogp mode.

I

I

I
I

I

I
I

|

I
I

I
I

I

I

I

I

I
I
I

I
I
|

I

I
I

| If kExternal Loopr mode is invoked while on 1line in an
| orerating system, packets may still be received from & remnte

| node. There is, therefore, no guarentee that there will be &

I receiver buffer available vhen the 1ocal rpecket is

| transwitted. A real ACK resgonse will not occur while in

| External Loop mode. However, the 1lransmit and keceive Status

| responses will ke set as though & normal transmission had

| taken glace.

I

I
I

I

I

|

I

I
I

I

I

|
I

I

I
I

I

I
I

I

I

I

I

I

(Disable...) will take the link out of External Loop mode.

INI'"IALIZE will disable this function.

3 Internal Loojp: (kEneble...) will ceuse the LINK tn receive

its own transmission by looring somevhere (TED) insicde the

ICCS driver/receiver., 1This loop will not interfere with ICCE

nreration of other nodes. Traffic on both ICCS 2 and F will

Le ignored while in Internal Loop mnde.

Internal and External Loop nodes nust never be invoked

sinul taneously.

The same reqguirements (1,2,3) steted above for External Loop

arply to Internal Loop wmode. Transmit buffer loacding and

transmit setup functions must occur the scmne as they do for a

normal operation. ICCS arbitration will not occur in

Internal Loojp mode.

ACK responses will occur in this mode. LEowever, CRC will not

be calculated or checked on the ACK packet. Transmit and

Receive status responses will be the seme es they are during

normal transmissions on the ICCS Eus.
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(Disable...) will teke the LINK nut of Internal Lonr mnode.
The receiver must be enabled to execute Internal Lonopr mode.

INITIALIZE will disable this function.

2 Force Arb: enakle function will cause the LINK to force a
successful arbitration and to transmit immeciately ugpon
receiving the Transmit function from the Port,

Disable, will ¢llow the LINK tn rerform normal arbitration
seqguences in response to the Transmit functinn from the FCRT.

1 Swap Adcress: Enakle, will cause the truye and comgplenent
aduress sources to swaL, 1.e., true node address becomes
complement and complement node address Lbecomes true., This
will cause an address mismatch if a packet is sent in either
of the meaintenance loop modes and will result in a nn
resgponse status,

I

I
I

I
I

I

|

I

I
|
|

I

|

l
|

I

I
I
I

I
I

l

|
I
I If, while in Internal Faintenance Loop moce, the Fort enables
l theis function and also complements the address in the recket
| to Le transmitted, then acdress comrarison will take ploce.
| This hes given the PORT the ebility to test #11 nnde address
I bits in both polerities.

I

I
I

|

I

I

|
I

I

|
|

I
I
I

I
I
I
|
I
I

|
I

I

Note that the later case should only be exercised while 1in
Internal Maintenance Loop mode since the Link will be using
an address which was not assigned to it auring sustem
configuration,

Disable, sets the node address with sources to their normel
Fositions, i.e., true equals true ect.

Initielize c¢lso causes the switches to be set tn their normel
rositions,

L Recelver A Enable/Disable: (Enable...) activates the LINK
receiver A making the node accessable by remnte nodes on this
path, or CI bus,.

(Receiver 2 Disable...) will ceuse this nocde to ignore all
ICCS traffic on the 2 bus, Internal Inor mnde will nat
function if the receiver is enzblec.

INITIALIZE will disable the receiver.
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LCAL DAlA PAKITY (ODD) (17TL, ASSERTELD HIGH)

13.% LOAL LATA PARITY (OLD) (1T1L, ASSERTED HIGH)

Udd parity is calculated by the PORT on the detea traensferred

to the Packet buffer Mransmit buffers. This parity bit is

conveyed to the Facket Eutfers vie the LCAD LATA PARITY line.

The Packet Buffer will store the parity bit as supplied and

the LINK will check parity when reading the buffer cduring e

transmission,

13.1¢ RECEIVE DATA PARITY (oDD) (TTL, ASCERTLED HIGH)

Data belng read from a receive buffer includes a parity bit

which was generated when the data was written into the

buffer. 1This parity bit will be conveyed tn the PCRT vie the

RECEIVE DATA PARITY 1line and must be checked by the FORT.

The LIMK does not check receive deta parity.

13.11 CLOCK (TTL)

The PL1 interface requires a clock source from the FORT for

its operation, The interface will operate with a minimun

cycle period of 15¢ ns as shown 1in Figqure 1. All PLI

interface flags and status Lits eéere synchronized tn this

clock.

13.11.1 1Timing

Preliminary Packet Buffer timing requirements on the PLI are

as shown in btigure 1. 211 times are shown refcrance to the

finger pins going into the packet buffer cerd. These times

seem to bke realistic at this time, however, they mey change

as the LINK design procedes. F11 PLI interface signals must

be asserted by the negative edge nf the clonck. The Packet

Buffer and the LINK will strnbe the dsta on the positive edge

of the clock.
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<= 9 ns min=->| 230 nsl<-
FCRT CLOCK | ' I onin.|
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Control + 7/ /| Vv 7 7 7/
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I

l
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Figure ]

FLI Interface 1 iming

13.12 INITIALIZE (TTL, ARSSERTLEL HICH)

This signal from the FORT is usec for system initiclization.
The FLI will jprovicde & pullup resistor nn this signal so
that, if the PORT is not installed, the PLT will nnt
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INITIALIZE (TTL, ASSERTED HICH)

interferc with or respond to the ICCS Bus. The INITIALIZE

line mey have to be asserted for up to 3 or 4 interface cleock

periods to allow internal state machines to reset themsclves.

13.13 KECEIVEK STATUS

The kKeceiver Status bits &are described in section 13.2.1

(Read keceiver Status).

13.14 TRANSMI1T STATUS

The 1ransmit Status bits are described in sectinon 12.9.72

(Read Transmit Status).

13.15 PLI INTERFACE SEQUENCE FLOWGS

The following flows are examples of the FLT 1interface

seguence of events for & transmission and the secuence for

servicing & receive buffer.
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LAST EYTE

| TRAKESTT SEITUE |

| TRANEMIT | (Loeds FPersistence 1)

YEE YES

W2AIT LCWCED —==w-=-- >

e|

!
| REZD TRANCMIG ST2TUS | V

PLI Interfece drensmit Secucnce
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fm e mm———t

| STAKRT |

- +

|
| {mmmme e e m o -

e e T +

| RCVK ATTENTICN |-=------

| ? |

e- +

| YES

|

I
e ittt +

| REALC RECEIVE CTAqus !
ettte+

l

I
e b +

I DECICE wEICH |

| RECEIVE PUFEFFR |

fmm e — e~ +

|
e e e +

| SELECT KECEIVE FULFER |
m—r et— e ————— -4

I

l

|
b +

| KLAL BEYTE I
mm e-~ +

|

|

| <===>--- +

| |
e + |NC

e—— - +

| YES

I

|
o m e~ +

| RELEASF BUFFEK I
e +

I
+-—-———- +

| DONE |
R +

FLI Interface kecelve teguence
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CHAPTER 14

2080 TTL EUS

14.1 INTRCLUCTICHN

14.1.1 Definition

The 268U TlL~Bus is &n information rath and communicetion protocnl
for data transfer oamong the elements of a date preocessing system.
Lata nay be exchanged tbetween I/C bus Eort and nennry The
Collwunication Lrotocol allows the informetion rath tn be
time-multiplexed such that an ¢rbitrory number of cdete exchaénges may
be in progress sinultaneously,

14.1.2 Nomencleture

Ihe terms used in this specification are defined as follows:

Infornation - intelligence used to contrnl ane provide the bkasis for
data processing including addresses, deta and status,

Data -~ rogram enerated informetion which is the object of; J J
processing.

bus port - & physical connection to the 2¢2¢ TTL - EUS cepable of any
or all of the functions described below.

Comnénder - a bus port which transmits Commena/rddress informatinn tn
the PFbox via the 106 e¢dajter,

1C adapter - an adepter which recognizes Commenc/2ddress informatinn,
converts it to ECL and transfers it to the pbox. The IC bus adapter
also pertorms the bus arbitration.

Mbox - & Cached mewmory controller.

Transumitter - a bus port which drives the signal lines,

\Keceiver - any bus port which sémples and exemines the signel lines.
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14.1.3 Goals

Specifically designed to meet the recuirements of the 200¢ system,
(208¢ TTL-Bus) provides «checked, ©fparcllel informetion transfer
synchronous with a common system clock. In each clock vperiod or
cycle, interconnect arbitration, information transfer and transfer
contirmation may occur in parallel. &all 2088 TTL Pus transfers are
monitored by a bus monitor which when enabled will cause the machine
to freeze when it detects a bus error. The Consnle will be able to
determine the source of all bus errors. Maltiple failures and bus
Eort control failures are not necesserily detected.

14.1.4 maximum ‘lrensfer Rate

Using & 125 nanosecond clock gperiod (the optimum spreed for the
components to be wused), the 268¢C TTL-Lus achieves a meximun dete

Ltransfer rate of 6.4 million 36-bit words per second. The bus clock
will bLe derived from the master oscillator for the cru @nd will be
125 to 16¢ nanoseconds depending on the final clock rate of the 208¢.

14.1.5 Information Path Usage

The same information transfer path is used to convey command, adcdress
words and data words., Each exchange consists of one, two or five
information transfers: one command/address wnrd and one deota word.
For write type commands, the bus [ort uses two or five cycles,
transmitting command/eddress then one or four data. Fead tyre
commeands also begin with & command/address transfer from the bus
Eort, however, data emanates from the IO aderter and mey be delayed
by whatever a&access time is characteristic; 1IC adepter uses one ton
four cycles. Io adapter data transfers, 1like 2ll others, are
synchronous with the system clock.

14.1.6 Confirmetion

The mewmory ACK signal confirms that the receiver hes received a
command address word, Any time a word is receivec¢ that has bad
parity the receiver asserts the parity error signel.

14.1.7 Control Signals

In addition to signals for arbitration, information transfer and
confirmation, the 2080 TTL-Bus includes priority interrupt reguest
signals and control signals to syachronize and provide notificatinn
of changes in system state including loss and resumption of power.
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14.1.¢8 Informetion Fath Width

The ZLeu TIiL-Buas is & 36 bit word oricnted (rether then block or
byte) The Lus does not provide eény byte write or naskhing capebility.

14.1.¢ Lbus Monitor

The bus monitor will conditionally check all tus transfers, &anc¢ cause
all bus transfcrs tn ceasce if any bus errors ore cetected. The bus
moniter may be disabled by software.

14.2 SICNAL CESCRIPTICH

14.2.1 oignal 1dypes

lne 2486 TiL-bus consists of 7€ signals. nivided by function into
tive cleésses, there are 17 arbitration lines, 27 infaornction trensfer
lines, ¢ control lines ,7 interrupt recuecst linss and 2 clock lines.
Scee flgure A.1¢0,

+-+ +-+ +-+ A e +

111 11 11! ! 37 !
+-+ +-+ +=+ R ——————— iLT p +

P C CYC D CYC B25

+-+ +--+ +-—+

11! 1 ! 1!

+=+ +--+ +-=4

FAULT MEM £ACK UNCCR

+~+ +-+ +-+ +-+ $-——t P

11! 111! 1t 11! ! 2 ! P30
+-+ +-+ +-+ +~+ S +-— -t

KLSE1 ACLC LCLUO INTERLCLCF CLCCK TAC

pmmm———— + Amm————— + R + +-==t +-4 +-+ + -+

! & ! ! & ! ! 7 ! Va4 M 11! B
tomm - R A e + tmm———— + +-—-t +~+ +-+ +-+

BKECKL: 7> CReNi<y:7> IRECL] : 7> COELL 2 2> IC EYCATCEET [DINC

2066 TTL~Bus

STCNALS
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S1CNAL LESCKRIPTION

Figure A.1¢

14.2.2 Arbitration

Ariitration logic, located »nn tne T1iL adepter detormines which bus

port ofb those requesting access to the interconnect in a particuler

cycle will pertorm en informatinn transfer in the following cycle.

14.2.2.1 Arvitration Line £ssignnent - Arbitration lines, EFEQ<T:7>,

are assigned one per bus fort to establish fixed priority access t»n

tlic informetion peth. Priority increases from RICT7 to KREC(.

14.2.2.2 Arbitration Line Use - To accuire contrnl nf the

informetion gpath, & bus port esserts its é&ssigned Fecuest line

(ERL(<EG:7>) et the keginning of & cycle. Thhe arbitretinn 1Ingic

located in the TTL adapter cdetermines which bus port if eny shoulc be

granted the bus and sends a grent out tn that btus port. rt the

Leyinning of the next cycle, the kus pnrt can assert informetinn on

the tus if the Crant for this bus port hes heen raoturned., Tf higher

priority RE('s are present, then the bus port's FEC reweains esserted

and the test is made agein a2t the start of the next cycle.

14.72.2.2 waber CL EBas Forts /irbitrating - A tntel of 2 bus [orts

wey boe usec operating on eight prinrity levels.

14.2.2 1Intormeation 1renster Lines

Three suplfielas conprise the intnruation transfer pcth: parity ciheck

(p), intormetion bits (D<er:25>»), C CYC, [ CYC. Parity check Lit

provices reoundency for cetecting single bit (&¢11 EVEN numnbers)

errors in the intormation path. 1drensmitting bus port cenevrete b as

perity tor L<0(:35>. P is genercted such that the sum of &ll one

bits in the checked field including parity is »odd.
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l14.2.4 C CYC, L CYC

C CYC, L CYC cre asserted by the trensmitting bus port to indicate
the type of informetion being transmittec. f4he interpretatinn of F
and D<@L:35> by & receiving bus port is determined by the € Cyc, ©D
CYC bits. 1wo information types ere detined. See figure 5.2C.

! !
1! !
L e e e e e ————— e e — e

1! { 2
1¢ 1 9 G &

t==+ t===t +---t tmmmt e e +

L | ! ! ! ! !
t==+ t-=-t =t et et - +

P C CYC 1TAC L C¥YC E<Ot: 25>

2l TTL-Bus

CCLEE ANC FCRMATS

Figure 5,20

C CYC asserteud

on L<KEL:25> 1s

L CYC asserted

on D<KPL:35> is

informs the 1TL adepter that the
an cCcohilenc adcress.,

intorms the receiver that the

deta.

inforpatinn

information

All bus ports check parity on all informatinn thet they transmit
or receive from the bus.

The I0 Adapter checks the parity of the letched informetinn
on each C CYC, the transmitter alsn checks perrity on a C CYC.
The transmitter and the receiver check parity on I CYC.
Figure 6.30 shows the formats for each type of informatinn.

C CYC or D CYC

g 3
6

e +

! !
F o e +

READ DA1A, KEAL DATA CCKREC1ELD, REALD CATA FAULTY

2080 TTL-Bus

INFCRMATICN FCRMATS (E<C0:25)>)

Figure 5,2¢
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14.2.4.1 Command/Address C CYC - C CYC specifies that D<Or:28> are a
command/address word,

14.2.4.2 Data [ CYC - D CYC indicates that D<€g:35> contain data
solicited ty a previous read type commend, or is the write deta for a
write command depending on the previous Command Address vwnrd.

14.2.4.3 TAC - TAG identifies one of eight bus ports that is
transmitting or receiving information.

14.2.5 SSELKG:3> - Start SELect <0:3>

otéart SkLect is used with the DING signal to indicate to the bus port
who's number is encoded on SSEL <#:3> that there is a command to be
executeu. ‘lhe bus port must fetch and execute from it's EPT block in
mewory whatever command 1is stored. Start SELect is also used with
the broadcast signal to indicate the interrupt level that is being
serviced. The Lbroadcast signal 1is sent from the EEQX to the IC
adapter where it is shaped to & pulse that is one bus tick wide. 3
bus port that is requesting on the interrupt level specified by the
SSEL <w:3> when the Lroadcast signal 1is sent, asserts 1I0 EUSY,
requests the bus and stores an interrupt vectnr word in the FPT. The
interrupt vector word in the EPT tells which bus port interrupted.
The bus jport also stores a status word in a port cerendent EPT
location which contains enough informatinon as to why the interrupt
was requested. The bus port clears the IC EUSY line after storina
the status word. ‘1here will be 8 EPT locations associated with each
port.

14.2.6 10 EBUSY

The I0 bUSY signal is transmitted by ¢ bus port that has received o
DING with it's bus port numkter matching <SSFL £:2> but has not
finished processing the command from the EPT. I0 BUSY is also sect by
a port when it receives FEroadcest oend the level that it is
interrupting on matches the <SSEL @:3>. The Eort keeps the IC FLUSY
line wup wuntil it has conmpleted storing the interrupt vectnr and
status word,
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14.2.7 1KEEKL1:7> Interrupt FEQuest

Any bus port can request éen interrupt on any one of the 7 interrupt
levels IRE(<1:7>. The interrupt 1level 1must <tey up until the

interrupt condition is cleared.

14.2.8 RKead Data UNCCRRECTAELE

UNCCK (uncorrectable) denotes @ transmission of FALULTY Cata snlicited

by & read tyre commend. vhen ECC logic is unable to correct the

requestec data, UKNCCR is used to indicate this condition. D<re: 28>

contain, if possible, the uncorrectec¢ data or nther meaningful datea.

14.2.¢ Command/A2ddress Format

Informetion bits L<CC:25> carry the payload of the 20°0 T1L-Fus.
Information appears on these lines in comméend/caddress formet, Aete

formet. In commanasaudress formet, intormetinn i€ grouged in two

fields: Cycle type and & 24 kit physical address. See ficure 5.4¢0,

i et +

! ! !

e et R +

E<U: 3> A<12:35>

14.2.¢%.1 Commends -

F<G:3>

vLbUC KEAL EFCUR WCKLS

Lyl KEAD FCGUR WCRLS L PET

Pl KEAD ONE WCKL

Cll KEAL ONE WCKL EPT

lUg KREALD INTERLCUCCK EFCUR WCKLE

£l0)l REEAD INTERLCCK FCUR WCRDS EPT

€110 READ INTERLGCK ONE WCRD

0111 READ INTERLCCK CWE WCKD EPT

1666 WHRITE FCUR WCERLS

166l WKITE FCUK WCKRLS EPT

lvlt WwKITE CNE WCRLE

1611 WKITE CNE WCKD EFT

11¢¢ whklTE INTEKLCCK RELEASE FCUR WCHDS

1161 WRITE INTEKLOCK KELEASE ICUR wWCKLDS FPT

1110 WKITE IN1ERLCCK RELEASE CONE VCRD

1111 WKRITE INTEKLCCK RELEASE CNE WCRD FET

288 1TL-Bus

CChHmAND CCDEES
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Figure 5.4¢

Four functions are defined: KEAL , REAC IMTERLOCK, WRITE , WRITE

KELEASE. :

14.2.9.2 READ - Encoded into F<0:2> as (€10, RFAD 1instructs the

Memory selected by A<12:3E> to retrieve the addressed 35 Lit deta and

transmit it to the bus ©port If this 1is 1impossible due to

uncorrectable data error the addressed Mbox shall transmit UNCCE

insteaa. No fixed time is established for retrieval bLut the bus

port, after an interval of 1€ microseconds without response mey

assume catastrorhic error,

14.2.%.3 Kead INTERLOCK Function - F<{:3> = ¢1¢¢ The PFAL INTERLQCK

function used to interlock a queue. A bus port interlocks & cueue to

add something to it or take something off it. The interlock prevents

other bus ports from accessing the gueue while the modificatinn is

taking place. The KEAD INTERLOCK instructs the bus port selected by

A<12:35> to retrieve the addressed 36 Lbkit data and transmit it to the

bus port. 1he REAL INTERLCCK function also causes the selected bLus

port to raise the INTERLCCK SIGNAL. The read interlock cycle is cone

in the same way as the normal read cycle. The fnllowing happens if

the bus is not already interlocked (interlock not asserted):

l. The bus port requests the 1TL bus.

2. The Arbitrator grants the bus port the bus.

3. The bus port transmits & conmmané addéress word that hes I

not asserted and D1 asserted (REALC INTEPLOCK command

address word).

4. The adapter then requests the Mbox.

5. The PMbox sends & grant tn the adepter.

6. 1The adepter transmits the READ INTERLCCK commend &address

word to the MBOX.

7. The kbox asserts the ECL interlock signal and returns the

requested words to the TTL adajpter.

8. 1The adapter returns the recuested wnrcd or words ton the bus

Eort and esserts the interlock signal et the same time as

the last word is transmitted.

The read interlock provides a mechanism for & bus port to interlock o

QUEUE making it inaccessible to any other bus port that tries to

access it with a READ interlock functinon, The read interlonck dnes
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not lock up the maunry or jrevent any non I'FAL INTFRLCCK access tn

the meniory. 1he Pbox can weit for the interlock to cleer either by

Lesting the line or by staying @ pege fzil leop uantil the interlock

is clceared.,

Thhie Lollowing happens if the pFbox becomes interlocked efter the bus

Fort on the 17L bus issues a ceonmend awdress worc cycle but before

the auapter 1s granted the PMbhox.

l. A& INTEKLCCK SICKNAL will ke trensmitted to the hus port with

no data cycle.

2. ‘the adepter will crant the TIL bus to the next rccuester,

3. All Gevices on the 11L bus whn's next recuest is for is for

an interlock rees nust not recuest the bus vwhile the

interlock signal 1is eassertec the interlnck <ignel ie

asserted, so that noninterlochked transfers can take place et

mexlmun speed.

4. Any bus jort thet receives the TNTEPICCY <ignel with nn Scoto

cycle in response to a REAT INTEFLCCK command address vword,

nust reguest the Lbus agaln when Lhe interlock s not

asserted and retrensmitl the the FFAD INTERLCCK cornmend

GUGTESS WOYG,

14.2.9.4 write - WRITE F<{:2> = 1(xf', instructe the Memory tn nocdify

the a&ata 1 the slorage clement or elements acdressed by p<l2-358>,

Hsing deta transmitteu in the next succeeding cycle or cycles,

14.2.9.5 WhITE RELEASE Punction - F<0':2> = 11¢¢, the w¥rite Felease

tunceion instructs the [Femory selected by 2<12:25> tn first modify

tiie word addressec dsing the deta trensmitted in the next succecding

cycle or cycles 1The Interlock line is droppec after the words cre

written. WKRITE RLLEASE is an illegeéel functinn if the interloack is is

not asserted, The Moox will fleg this as ¢ rnemnry crror,

1l4.2.¢.¢C READ EFT Function = F<{":2> = 10x]

instructs the bus port sclected by 72<12:

EFT coutuiand acuress word and replece 2<12:20> vwith the contents of

the bxeculive Leésc kegister ¢nd read the word or words recuested.

The FFEZD EERT fanctinn

5> to first teke tlhe FFE2AD

P
A
R
R
E
V

A
 )

{
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14.2.¢.7 bBus Port Kot Implementing KEAD INTEKLOCK ~ BRus ports that

are not wenory or an adapter need not assert the KEAD INTERLCCK bus

signal. Eus ports thet do not do Read Interlock or write release

need not look &t the interlock signal.

14.2.¢.8 A CFU Bus Port Implementation Cf Read Interlnck - CFU bus

Fort must implement the READ INTERLOCK and WFITE RELFASE functions

and coojperate through the use of the INTERLOCK bus signel. A CPU

must not request the bus for issuing a REAL INTERLOCK functinn if the

INTEKLCCK bus signal is asserted by the Mbox.

14.2.9.9 Unused Function Codes - Function codes that are marked

reserved must produce an error in any bus port that receives then.

14.2.1¢ Physical Address Space

The 24 physical address bits define a 15,777,215 word address space.

Menmory begins at address (, the address space is r and consists only

of storage elewments,

14.2.11 Lbus Port Configuretion/Status kegister

bachi bus port must provide a configuretion/status register at the

lowest &ddress assigned to it in the 1/0 address space. This

register contains & cocde identifying the kus port type ¢s well as

FAULT status indicator.

14.2.12 Contirmetion Lines

Mew ACK and parity error , provide a signal peth from the receiver to

transmitter two cycles after each informetion treansmission.

Confirmetion is delayed to allow information path signals ko

fropagate, to be received, checked and decoded by all receivers and

to be generated by the responder. During each cycle, cvery bus port

receiving or transmitting latches and mokes Jjudgements on the

information transfer signals. See figure 5.5¢. 1The IC ALAPTER will

Recognize command address informetion. The IC adapter will ossert

mem ACK or parity error appropriate. Only IC ACAPTER or trensmitting

bus port may assert jparity error for any of <several reegsons;

assertion of parity crror indicates protocol or information rfath

failure.
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WEITE COMMANLS

AKE. ! BEREC N ! ECLLD ! ! ! ! ! ! !

INE. ! ! ¢/x ! WD ! ! ! ! ! !

CUNEk. ! ! ! #FCK ' ACK ! ! ! !

WKITE KELEASLE

ARE. ! BRE( N ! HOLLD ! ! ! ! ! ! !

INE., ! ! C/2 Y WDl ! ! ! ! ! !

CCNE. ! ! A ! ACK ! ICK ! ! ! !

! REAC INTERLCCK DEASCERTEL

ARE. ! ERE(Q N ) ! ! ! ! ! ! !

________ eN S

INE. ! N OV !N !C CYC ! ! ! !

........................... \m e e e e e

COWE. ! ! ! ! ACRK\ ! ! ! FCK ! !

INTEKLCCK KEAL COMMANL

Akb. JEKRE( N ! ! '\ ! ECLLC ! ! ! !
————- e - - —————— - ——— —— - — - — — \ __________ @~e -~ —— = ——— - - — e o -

INF., 1} !' C/F ) AN ! ED1 ! kD2 ! ! !
___________________________ \ e e e — e — -

CCNE. ! ! ACEN ! ! ! PCK Y PCEE

! KFAD INTERLCCF

ASSERITLELD

208¢ T1L-Euas

CCMMAND SEQUENCES

Figure A.5¢

IC adapter that decode a commanad address word ond determine that

the audress is within it's address space return FCK. The

aaaressed adépter does not transmit parity error provicded that

thic parity of the command address wonrd checks,
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14.2.12.1 Use Cf Confirmetion - Transmitting bus ports samyle the
ACK and optionally interlock line at the beginning of the third cycle
after transmission. BACK is the exjpected response indicating either
that the command will be executed or the informationn hes been
correctly received. No response confirmation should be treated the
saiie as Ekk.

14.2.12.2 Successive Cycle Confirmetion - Eecause WRITE and WRITE
RELEASE operations consist of successive transfers, acknowl edgement
is somewhat more complex. If ACK is not received as confirmation for
WKRITE LCA14 then the transfer should be aborted and contingency
mechanisms invoked.

14.2.12.3 Presumption Cf Siuccess ~ Some ecarter mey bke unable to
determine within two 278¢ TTL-Eus cycles whether & functimn will be
successfully completed. For these cases, the adapter should presume
success and respond with ACK confirmation. 1If it is later determined
that a READ type function cannot be completed, & READ DATA transfer
of all zeros should ke transmitted and an interrurt recuest signaled.
If a WRITE type reguest cannot be completed, the command should be
aborted and an interrupt request signaled. 1In either case, the ceause
of the interrupt should be indicated in 2 status register, Note that
this technique is never used by a memory .

14.2.13 Fault Detection

Any of several conditions may cause & bus Fort to &ssert [RAULT.
FAULT[A], information path parity error mey be generated by none or
more bus port depending on the origin of the rroblem ceusing the
calculated Parity to disagree with the received Parity. FAULTIE])
results when the IC adeapter which received a2 WFITE nr VEITF PFLEACE
command in the immediately jreceding cycle dnes not receive the
anticipated WRITE DA1A in the following cycle. I[2ULT[C] i< indicated
when & bus port which has not issued & REAL or INTERLOCK FEAT command
receives a response to a read type command. FAULTID] erises when &
bus port receives a WRITE RELEASE command and INTERLCCE PEAT has not
Leen set by a INTLRLOCK READ command.

14.2.13.1 ©Status Register FAULT Indicators - Fach bus Fort meintains
bits 1in its status register to indicate conditions which cause the
assertion of FAULT. See figure 6.7¢. These stectus indicators are
exaliined by the Console to determinc the source of a [AULT signal.
The FAULT status bits are cleered when the FAULT signeal iec
deasserted.
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l4.2.14 Interrupt Request Lines

Seven interrupt recuest lines, REQK1:7>, are used by bus port whichwust invoke & CPU to service some concditien such as transfercompletion for an I,/0 bus bort. Fequesting bus port mey escert oneof KE(C<1:7> synchronous with the 20&C TIL-Bus clock tn signel aprocessor that attention is recuired. Any of the REQ lines may beasserted simultaneously by more than one bus port and any combinatinonof lines may bc asserted by the collectionn of recuesting bus ports,

14.2.15 Clock Signals

The two clock signals, T clock and L clock, rrovide a universal timebase for all bus Eort connected to the 202¢ TTL-Eas. 2 stonderdcircuit present in every bLus port uses the twn interconnect clncksignals to froduce the signals which actually synchronize bus portactivity. As shown in figure 6.8¢, the derived signels define fourinstants in each cycle: 1T, 11, T2 end 13. 2t the leccing edge nf Tclock, the begining of the cycle, a transmitting bus Iort enables itsdrivers; at the leading edge of § clock, all bus port mmlatch,allowing the 2080 TTL-Eus signals into there latches. The time from1T clock to K clock is determined by mexinum cable Celey andariver—-receiver proragetion delay. 12 to 10 time, while bounded byreceiver f[rojagetion celay, is fixed by the kropagation deley of the‘logic required tor 2080 TTL-Eus arbitratinn, The clock ferind is 125to 16U nanoseconds with each time intervel =71, 7T1-T2, T2-T2, T2-T¢beiny centered on31.25 nannseconds,

CLOCK SICNALS

¢ T1 T2 T2 TC T1 T2 T2
! ! ! ! ! ! ! !

————tm————- tm———— e tmm——— R e s e TS
) ! ! ! ! ! ! !

R e . + R e +
TCLK H ! ! ! !
- e + Fommm e e oo

----------- + 
e T 

eKCLK L ! ! ! !
e—— + e e T P +

203C TTL-Rus

CLCCK €ICNALS

Figure 7,20
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14.2.15.1 Use Cf Clock Signals - TCLK H and RCLE L are used to clnck

the driver flip-flops anc receiver latches respectively. £2s the

loading ot these signals affects signal skew, one buffered output of

the clock derivetion circuit for eech of these cignals is reserved

for driver flip-flops and receiver letches.

14.2.16 ACLO Signal

The ACLO signal is asserted by bus ports whose existence in the

system is necessary for the proper restart after a pnwer failure

(memory,bootstraps,etc.). The purpose of ACLO 1is to provide &

restart signal to the CPU so that a system restart operation mey be

initiated.

14.2.16.1 Assertion Cf ACLCO - A bus port esserts »2ACLC asynchronnus

to the 268#.1T1L-Bus clock during the assertinon of the power supply KC

LO at that bus port. The assertion of ACLO inhibits CPU'S from

activating a power up routine,

14.2.16.2 Deassertion Of ACLO - ACLO is deasserted when 211 bus port

required for the jpower up routine operction have detected that 2C

power and DC power are within specification. CPU'S sample the ACLC

signal at an appropriate time after a power down routine (essertion

of ACLO) to determine if a power up routine should ke enebled.

14.2.17 DCLO signal

The CCLG signal is asserted when an impending power failure to the

clock «circuit or bus terminating networks is detected. bus port

attached to the bus use this signal to fprevent invelid data from
being received while the bus is in en unstable state.

14.2.17.1 Assertion Cf LCLC - The assertinn of fpower supply I'C LC to

the «c¢lock circuit or terminating networks causes the assertion of

DCLO. DCLC is asserted asynchronous €0 the 200¢ TIL-Fas clock and

occurs at least 2 microseconds before the clock becomes inoperakble.
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14.2.17.2 [Lveéssertion Cf LCLUG - DCLC is deassertea when DC LC 1is
deassertca at the clock circuit or terminating netwnrks. The clock
s operational for at least 2 ricrmseconds before the deassertion of
CCLC.

S14.2.1¢€ KESET Eignel

Initialization of the system is accomplished vie the KESET signal.
This signal ey only be esserted by a CPU or consnle and must be
detected by all bLus yport attached to the 202¢ TTL-Pus. The
initialization operation should leave all devices in a known, well
cdefinea state. bus port which are not carable of vperforming an
initialization in the perina nf the KFSET rulce e¢re recuired ton nnot
rerform any commands until initialization is conpleted.

14.2.18.1 Assertion Cf KESET - The CPU or consnle asserts FESCT only
when a console key (or secuence) has bLeen selected nYy the preogram
desires Lo waster clear the system. The CBPU or consnle which intends
to assert kikSET will first 1lock up the arbitretion 1ngic for a
minimum of 15 2¢€L TYL-Bus cycles. The CPU or console continues to
Frevent any bus port frow being cranted the for the cGuration n{ KESET
and for & mininum of 15 2¢2¢ TTL-Pis cycles after the deassertinn of
KESE'Y . The loch up of erbitration insures that the 2080 TTL-Eus is
inactive preceding, during and after the FESET condition. FEESET 1is
asserteu &t 'i¢ time,

14.2.18.2 Deassertion Cf KESET - The CPU nr consnle will deassert
the KESE1 signal &t T¢ time. The duratinn of the KECET pul<e nmust Lbe
@ minimu of 15 2086 T1L-Bus cycles.

14.2.1€.3 LDevice Response 10 EESET - Each bus Eort must receive the
KESET signel at FCLK tiwe end begin en initielizetinn sccuence. Eny
current operation of short duratinon should not be aborted if that
might leave the bus jport in an undefined state. Fis Ports cre
forbiduen to perform operations sing the 2(C£% 1TL-Ris curing the
assertion of KESET and must be in an idle stsote with respect tn 2790
T1L-bus activity at the «conclusion of the FPSE] rulse, The
initialization sequence should not cause & bus gnrt to pass through
any states which will inadvertently assert signals on the 2¢¢¢
T1L-bus. All KEAD commencs issued before the LESET are cencelled end
no data response shoulc ke expected., 1t is necessary to initialize
the LbLus jport from & read deta expected state and to inlibit theat
Farticulsr FAULT conditions. 211 other FZULT stotus should be
detected and when detected shnuld cause FAULT to assert., In the
event of a power failure during the FESET seqQuence, certeain bus jport
are exfpected to assert the ACLC and/or DCLGC signels. The
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initialization sequence should, however, ceause the kbus port to clear
any existing ERRCR status bits and to deassert the FAULT signal if it

was asserteuc. Some of the bus port registers maey contain new nr old

values, The contents of these registers after receipt of the

ueassertion of KESET must be defined 1in the appropriate bLus port

specification., It is recommended that bus port retain &s riuch status

data as possible to facilitate error enalysis.

14.2.19 INTERLOCK Signal

The INTERLOCK signal fprovides coordinatinon among CFU or other

intelligyent bus ports reguesting INTERLCCFK RFAD ané WRITE RELEASF

commands insuring exclusive access when required to dete structures

shared amony CPU's andg intelligent bus ports,

14.2.19.1 Assertion Cf INTERLCCK - INTERLCCK is asserted synchronous

with the 26€¢ T1L-Bus c¢lock 2and 1in the seme cycle &as the

acknowledgement of & INTERLOCK READ commend. INTERLOCK remeins

asserted, reflecting the stete of the INTFRLCCK flip-fleop, until the

memnory receives WEITE RELEASE commeand.

14.2.1¢%.2 Deassertion CE INTERLOCK ~ Synchronnus with the 20ee

TTL-Bus clock and on the same cycle es the acknowledgement of a WRITE

KELEASE commeand.

14.,2.19.3 bus Fort Response 1o INTERLOCK - Memory bus rort recpond

with (INTERLGCCK) to any INTERLCCK REAL. IC 2DPAPTER dono not return

data cycle for INTERLOCK READ commands 1if INTFRLOCK 1is asserted

before the IC ADAPTER is Cranted the MECX.

14.3 ELECTRICAL CHARACTEKISTICE

14.3.1 Interface IC's

The 20680 T1L-Eus must be implenented using LSI components. The LSIT

implementetion 1includes registers and perity netwonrks common to all

2080 TTL-Bus port.
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14.3.2 LS1 Eus Interface

The LSI chip which interfaces the bus is the DEC £454r, TheStecifications of the 8646 are included in 2ppencix 2.

14.3.3 Eackpanel Charecteristics

Eackpanel impedance:; 75 Ohms
Backpanel propagation delay: 2.0 nS/ft.
Eackpanel crosstalk: to be determined.

l4.3.4 Connections

Module to backpanel: tliese connections should be as short esFossible, in any case less than 1( Centimeters., Not mnare than one ICiay connect to any one bus line Fer interface. tackpanel to cable:thils connection will be mode as directly as pnesible. Mnre completeSteclificalion awalts fturther wonrk on packasging.

14.2.5% Terminations

The terminations will Le thysically et each end of the bus, and eachwill be active. For &ll but the clock signals, a veltage divider tot> volts is used at both enus. For the clock signals, = voltegedivider to -5.2 or 58 ohms tn ~2 volts is used at nne end only.

14.3.6 ©Signal voltages

For &ll signals except the four clocks, signel volteges will Lenominelly 2.¢ wvolts and 0.7 volts for logicel zerm ang logicel onerespectively. [or the clocks, signal voltages will be nominally ~1.nvolts and -¢€.¢& volts for Ingicel zero and locical nne respectively,

14.23.7 1inming

The nowinel clock period is 125 nanmseconcs., 10 to 12 iIntervel iscentered on g3, 55 nenoseconds wnG 12 ot g intervaeal is 21,.2¢nanoseconds,
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ELECTRICAL CHARACT1ERISTICS

14.3.¢8 Meximun Length

The niaximun length of the 208¢ TTL-Bus is 3 neters.,

14.4 DIACNOSTIC SIGNALS

10 be proviued.
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CHAPTER 15

CCNSOLE LARDWARE

1.1 EYSTEWM CCNSGLE - CVEKVIEW

The system console is the point of interface between the nrerator,ticld engineer, or development engineer (Curing debuq) end the 2pprComputer system. Its function in 1life is tn support the diagnosticpulloscphy, boot the system, &nd monitor the system envivronnment nfthe CECCYSTEmM=-2LEL.

The console haruware consists of a PEC PRP-11 competible instructinnset Licroprocessor, G4k worcs of FAM, Sk words of LOM, four serialasynchronous 1/0 devices, an zaccurate interval timer thet includes atime of century clock (with battery back-uag), system clock controlhooks (system clock stert, stop, or half-ster), diegnostic peths,SOe mass storage device interface rath, environmental monitoringfaths for monitoring both the Eower sub-system and the thermelenvironuent, and at lezst 54 bytes of non-volatile CMCS prw (with »anboard battery backug) .

Coupled with the console srecific <software, the consnle subsystemfunctions &s ¢ virtual switch register and indicetor Eanel. Numerousother functinons are krovidec, these arc described in the sectinn 3.,yol this documnent.,

This device also provides a fath to the LDECSYSTEM 2o srecific locichoused on the 1/0 EnxX module. The Sstecific functinns aveilable eavedescrived in the I/G-Enxk subsysten specification but are cdescribed,briefly, here for ease of understanding, The 1/C~-Fnx hnuses &TTL-bus konitor, Ciecgnostic Fath Logic, &nd the DpMaster CscilleatorControl Lngic.

Tht BCLLOWING CONSTITUTES 2 PRELIMINAFRY E2SIC ELCCK DIACRAN:
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SYSTEM CONSCLE ~ OVEKVIEW
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* indicates LMA interface to the F-11

FICURE 1 2GLEC SYSTEM CCNSCLE ELOCK
DIAGRAM

15.2 GOALS

The console subsystem goals are:

1. reel LCECSYSTEM-2¢2¢ KRAMP gnals,

2. Support Remote Liagnosis,

3. A4llow for the implementation of & true, opLerator-less
systcn.
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GOALS

4. Provide Cn-Line diagnosis capability.

5. Provide a console load device consistent with the system
RAMP requirements and phileosorphy.

The following sections describe the specifications that must be met
for the console subsystem to meet its goals.

15.3 POWEK KEQUIREMENTS

The console subsystem (the L€E63 wmodule) recuires the following
power:

+5 volts @ 5 amp. (or less)

+12 volts @ 1 amp. (or less)

~12 volts € 1 amp. (or less)
The console subsystem load device (Mass Storage Unit) recuires the
following power:

((To be supplied))

15.4 ENVIKCNMENTAL KECUIREMENTE

The console subsystem 1is designed as an integral part of the
DECSystem 2686, and as such, 1is intended to nperste in 2 DEC STD
Class A environment. The console relies on the system packaging to
assure that the applicable RFI/EMI standards are assured.

15.5 CGPTIONS

There are NC Cptions availeble for the Consnle subsystem per se. The
cables and terminal cdevices atteached to the console communicatinns
Forts dare not part of the console subsystem.

15.6 PRE~REQUISITES

tThe following items are required for Lrorer consnle subsystem
operation:

* VT106 or equivalent viden displsy terminal
* LA38 or equivaelent hard-copy terminal

* sufficient power and cooling



COMPANY CCNFIDENTIAL ~-- Do not duplicate ¢-JuL-8r
CCNSCLE HARLWARE Page 15-5

NEGATIVE SFECIFICATICNS

15.7 NEGATIVE SFECIFICATIONS

The 1{ollowing items cre not part of the consnle subsysten
gouls/design criteria:

1. ©Software compatibility with existing PPP-11 based systems,

2. Compatibility with existing, off the shelf, rre-built
orerating systems.

Both of these items are precluded bhecause of the optimizatinn of
hardware béesed addressing for the communications and other T/0
devices used to achieve a single module cnnsnle subsystem.

15.8 CCNSOLE RANP

The following data 1lists the BAMP gnals foar the 2¢8C console
subsystem. ‘1hese goals reflect the overall systecm RAMF gnals.

1. Error detectinn and Error Locgcing

2. Rewmote Dilegnostic

3. 1I1/0-bBus wmecnitor suppert (I/0 Eox resicdent transaction
monitor with an historicel ring bufter)

4. Consnle Memory Error Correction (soft error detection)

5. Console FMemory Parity (claessical PCP-11 parity)

6. Loopbeack Ciagnostic capability for Consnle Communicatinns
lines

7. Tenperature and Airflow sensing

8. Power Supply Monitoring

S. Module Isolatinn Diagnostics

1. ©Coftware support of the above listed features

1l. Error Recovery

15.9 IMPLEMENTATICN

The consnle subsystem RAMP goals are intimotely tied to the overall
2060 Systenw RAMP goals and RAS structure. In fact, the consnle is
the focal point for implementing the various RAMP features that mnust
be includec¢ in order to meet both customer and Pigitel Equigment
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IMEFLEMENTATION

Corporation expectations,

15.8.1 CFU Error Detection And Error Logging

The internel structure of the 2¢8C CPU is a rpipelined architecture.

This structure 1lends itself to the detection of single bit errors
througii the use of odd parity on each nine bit pnortion of the deata
Lath., The partitioning of the deta path is such that inpat has a
rarity check performed before an operetion is accomplished. This
method of fartitioning &llows the pipe to be stopped and the error

occurrence to be recorded. ~Additionally, this allows the input ton ke

prorerly recovereu and retried,

The various logic functions within the 208¢ CPU are tasked with

informing the console subsystem of the nccurrence of a parity error,
A soft error, i.e., a transient parity error - one that does nnt
occur every time deta 1is fed into a function, can be corrected

through the recovery of a correct copy of the erroneous input data.
There are various intermediate level copies of Zccumulator (2C) data

including & kaster AC copy, thet sre availeble for just this Lurgnse.,

The clock input for the failing logic functinn (perhaps the entire
CPU =~ with the exception of the FM-Enx) is stopped in an orderly and

proper fashion upon detection of & parity error, The consnle
subsystem is taskhed with restarting the «clock in an orderly and

froper manner.

The fact that &n error has occurred is 1lngged Ly the «console

subsystem, stored in the console 1load device, &and, ugnn proper
restart of the clocks, the console informs the CPU that there 1is

error information that the orerating system rust forwvard tma the
system error loy. This provides a redundant 1og of system error

conditions but this is extremely beneficial, es will be shown in tlhe
next section,

15.9.2 2080 Systen kemote Liagnosis

The console subsystem provides an asynchronous compunicetions channel
that &llows the use of remote system diegnosis., This communicatinns
channel allows Field Support to call the 208¢ system and access the
console, The remote diagnosis channel «can be used to run cdevice

diagnostic programs that will determine if & mncule is in need of
replaecenent., Through the use of this uieynostic tnnl, the remnte
diagnostic path, there will be a higher than previously exferienced
degree of certainty that the mwodules the Field Support Fngineer
brings to the ailing machine :re the proper modules.
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IMPLEMENTATICON

15.6. (
N 26380 1/0-Bus Monitor

To ke Letermined

15.9.4 Console Meriory Fearity

The console subsystem local memory has memory parity implerniented.
This allows the aetection of any single bit errvor. Memory transfers
automaticly ygenerate and check parity - odd parity of cnurse. This
error detection scheme coupled with the soft errnr correctinn method
detailed in 2.1.5, provide a console memory that is capable of single
bit error detection and correction.

15.9.5 Console Memory Error Correction

The console subsystem local memory hasS an error correctinn rechanisn
built into the console resicdent software. This softwsre elcorithm
consists of a serics of check words that when coupled with a CRC type
routine provide the isoleation to the single bit error lcvel. The
method of backing up this error correction scheme is the conenle
reboot from the c¢onsole 1onad cevice. The cnnsole rebont seguence
does NOT require 20E8L CPU intervention to be accompliched. This
means that the console can recover from soft erraors with out

impacting the system performance. It is possible for the consnle to
reload a bad block of menory (perhaps 25¢ woré block) with out
reloading the whole console menory.

15.¢.¢ Loogpback Capability

All consolie devices have loopback capability. The disk interface,
the cowmmunicalions channels, &nd the I/0-Eox interface cen a1l he
looped back on them selves to turn typical vrite Cnly »r Fead (nly
paths into Read/write paths. This Loopbeck cepability is extended in
the I/0-bBox to include the 1Ti1L-Bus, the Ports (under EEN 1nacdéble
control) and the M-Box path.,

15.$.7 Environmental bkonitoring

The console subsystem c¢an monitnr the physical envirmnment to
determine the jpresence of over tenjeratiare or out of volteae
specification conditions,
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15.9.8 Diaynostics

The 208U System diagnostics provide true module failure 1isolation.,

The basic architecture of the CPU is such that fault conditions can
be detected and with some nmnoderate support from the consnle
subsystem, the failing unit can be determined.

All of the features described in 2.1 are supported by the «console
monitor software supplied by the diagnostic engineering group. This

software is resident on the console loed device.

15.1¢ §EYSTEM CONSCLE LCESCKIPTICN - HAKLCWARE

The DECSYSTEM~2€80 console subsystenmn is baesed on the Cigital

Equipment Corporation F-11 «chip set. This chip set microprocessor

implements the full EDP-11/34 instructinon set. As implemented, the

E-11 has & maximum eddressing capability of 124K words of memory and

4K words of I/0 space. This addressing capability is implemented as

064K words of RAM, 4K words of PROM, and 4K words of EOM~I/0. 1he

subsystem includes a L[MA disk type of mass storage unit (FSU)
interface, four programmable asynchronous communicatinns channels, an

interval timer, & time of century clock with non-volatile FEAM (with
built 1in battery backup), a DEC MMU - memory manegement unit, and a
parallel 1/0 channel to the 1I/0 Box.

This subsystem can be viewed as & simple, bounded PDP-11 computer

systeni. The console subsystem executes the PDP-11 instructinn set,
handles interrupts in the classicel FDF-11 renner, addresses 1/0 1in
the classical PDP-11 menner, and has the typical PDP-11 programmeble/
junperable features hardwired. Interrupt vectors and priorities are
hard wired 1in this subsystem kecause there are nn voriatinns to the

standard console subsystem.

15.11 F-11 DESCRIPTICN

The F-11 is the LCEC nick-name for the second generation LSI-11 micro

krocessor chip set that executes the Pigital Fquipment Corgporation

PCP-11 instruction set. 7his chip set 1includes & stendalone ISP

(Instruction §Set Frocessor) chip, &an MMU (Memory Management Unit)

chip, and an EPP (Eloating Point Frocessor) chip. 1The DECSYSTEN=207(

utilizes the ISP chip (known as the Dat/Ctl] chip) and the MMU chip to
implement the Console Subsysten's console prncessor,
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15.11.1 CCNSCLE PROCESSCR

The ISP or PDat/Ctl <chip recognizes and executes the PDP-11/34
instruction set, supports four rriority vectnred interrupt levels,
LMA, addresses up to 28K of memory, and supports the classical PDP-11
1/0 page. The MMU or Memory Management Unit chip expands the
addressing space in the same manner as the PDP-11/34 MMU but the
addressing is limitted to the on boarc memory: A~4K words of RAM, 4K
words of PRCM in the memory address area; 2K words of PROM in the
1/0 address area, and the I/0 device addresses implemented in the
upper 2K words of the 1/0 area.

15.11.2 CCNSGLE MEMCRY

The memory mapping of the 2¢8¢ Consnle Subsystem fprovides for
accessing the 70K words of on board memory (58K words in the Memnry
Page, and 2K words in the I/0 Fage) partitioned &s shown 1in the
following physical address map:

PAGE F~11 PHYSICAL ALDRESS FUNCTICN

(OC1AL)

M BREECE=377776 (word boundary) RZM (edcdressable)
E 4e050E~-737776 (word boundary) NCN~-EXTSTENT
I T4B0ELC=-757776 (word boundeary) 4K RCM

* kA %k Kk h & KX Kk Kk Kk k *x kX *x * X % Kk % &

—
t

760606~767776 (word boundary) 2K EOM

770066L-777776 (word boundary) I/0 LCevices

=

Notice that the KCM meunory overleps the memory and I/0 space so that
the top 4K words of memory (4K ROM) are accessible only when the MMU
is enabled. 1In this mconner, the necessary power~-up routines cean
always be accessed while the routines in the 4K RCM can be accessed
only when the system MMU is enabled. Additinnally, although the MmU
brovides the capabilities to adaress substantially more memnry than
is imnplemented on the console Lrocessor, there are nn provisiong for
audressing nemory that is not on-board.

The Console Memnry includes memory rarity and & nmcrmnry parity errvor
adaress latch. Parity is computed on datsz being written into memory
and checked on deta being read from memory. 1The perity circuit is
intended to assure data integrity in the Consnle Memory, It is not
intended to provide bus transaction parity between the F~11 CPU and
1/0 devices, 1hhe CwMmR] (Console PMemonry Registerl) is a read write
register that allows the parity circuit to he cnabled or tested ¢nd
contains the the Error Flag and the high order memonry address hits,
The CMk2 is a read write register that iec caraeble of latching the low
order 16 bits of memory parity error acdress.
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mSU INTERFACE DESCRIPTICN

15.12 w»SU INTERFACE DESCRIPTION

The MSU (mass storage unit) interface provides @ CMA (LCirect Memory
Access) Fath between the MSU device (¢ disk) énd the Consnle

subsystem resident memory. 1The LMA operatinns are enabled Ly the
consnle processor software. The Consnle subsystem NSU device
contains all the required microcode, system boot code, diegnostice,
etc., that 1is necessary to bring up the hardware portinn of the
system. Oystem software is not aveilakle on the cronsole MSU device.

The following information characterizes the consnle subsystem mess
storage unit operetional capabilities:

l. DMA path to the consnle memory

2. Full 1€ bit memory eddress sugport.,

3. byte transfers only (word trensfers nnt supported).

4. Lkyte count support for & meximum of A4K bytcs per transfer

(Hardware limitation).

5. Eyte count and trensfer address fully progreamrmeble,

The MSU disk interface «consists of the following sixtecen bit
registers:

Mnemonic Function

DCSw - This 1s the disk Contrnl/Stetus register writable (WRITE CNLY).
DCSK - This is the disk Control/ctatus register Feadeble (READ CNLY).
DbCR -~ This is the disk Eyte Counter register Readeble (RFAD CNLY).
DACR - This is the disk current 2ddress Counter register keadeble (READ CONLY)
DDTB - This is the disk Lata Transfer Fuffer (briteble and Feaceble).
DCAW - This is the disk Current 2Address holding register writable(WPITF CNLY)
DECwW - This is the disk Fyte Count holding register writable (WFITF CNLY).
Address Register Mnemonic and Key

7711060 DCSW - Contrnl/Status hritable
7711¢2 DCER - Control/Status Feadoble
771104 DECE - bByte Count keadeble

771166 DACR - Address Counter FReacdable

77111¢ CDTE -~ Data 71ransfer lLuffer

771112 DCAW - Current »Address britaeble

771114 DEChW - Byte Count hritable

771116 RESEKRVED
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FEU IWIERFACE LCESCHRIFTION

Reglster Lit cescriptions:

Keylister Eit Functinn

DCSh/DCSK 0z Mode control for thce CmZ address, byte conunter

g:10 and c¢one flag. kefer to the progremming sectinn

for specific detcils on imjlementations,

3 Interrupt Enchkble

4:5 Address bits 175 anc 17, Extended Femonry rddress

6G:7 reserved

11:14 reserved

15 Interrupt Fleg

DCAw/DACK 15:¢ These registers contein the address currently

being used for the storage or retvievel of

disk dete. This represents the byte address,

DbCw/DBCkK 15:0 These registers contain the byte count for

cate trensfers,

DDTB 11:¢(C This is the register used for the actual trensfer

of data to or from the disk. Pate i< transfered

in byte rmode.

15.13 ©SLU - SERIAL LINE UNIT - DESCRIPTICHN

The ZILCG ZBC-S10 chip is used to implement the Serial Line Units for

the Zu8e. The 2£88 Console subsystem implements four serial line

units. These ELU's are scrial asynchronous EIA FE222C 1lines. The

line speed is Lprogramwable for speeds between 5¢ baud and 1¢.2
kilobaud. 1he character format for the transmitter and receiver must

be the samc. The functinnal allocation is as fnllows (The 2ddresses

below are restricted to the low byte address exactly as shown):

1. CTY - bus Address 77606 (channel 2 of ¢$IC ()

Interrupt Priority 5

Interrupt Vectonr 3¢90

This is used as the local copy consnle terminal, The 1line

speed 1is programmable for both the transmitter and receiver,

Split line speed 1s supported (i.e. the transmitter and

receiver can be programmed to run independently).

2. KEMOLIE LINE - Bus Address 776¢1¢ (channel E of €10 f)

Interrupt Friority 5

Interrupt Vector 3¢

This line is used for KLINIK/AFT, line speed is progremmeble
and split line speed operation is supported.
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SLU ~ SEKIAL LINE UNIT - DESCRIFTION

3. LCCAL LINE 1 - Bus Zddress 776£20 (channel 2 nfE CIC 1)

Interrurt Friority &

Interrupt Vector 310

lhis line is used for local applicatinns. The line speed is

progremmeble and split speed operation is supgported.

4. LCCAL LINE 2 - Bus 2Adcress 77673( (chennel F of €10 1)

Interrupt Priority 5

Interrupt Vector 21¢

This line is used for local applicatinns. The line speed is

progremmable and split speed operation is supported.

The following tacle details the Lrogremmable Lkaud rete generator

adaresses:

Bus Zkddress bunction

T760664 CTY TX/EX E&LULD RATE SEL (SICL B)

- Split beud rate (8 bit register)

776014 REMCTE LINE 1X/RX BPUD RATE E€FL (SICP B)

~ Split baud rate (8 kit register)

776024 LCC2L LINE 1 TX/RX BAUDL EATE SEL (SIC1 A)

- Split baud rete (8 bit register)

776634 LOCAL LINE 2 TX/EkX BAUD RATF SFL (SIC1 R)

- Split baud rate (& bit register)
The kemote Line supports the following modem control signals:

1. krotective ground

2. Transmit Cata (Cutput)

3. Receilve LCata (Input)

4. Request To Cend (Cutput)

5. Clear 1o send (Input)

6. Lata Terminal heady (Output)

7. Data Carrier Detect (Ingput)

€. Slgnal Cround

$. Lata Set Feedy (Input)

15.14 INTERVAL TIMER DESCKI1FTION

The console 1lnterval lTimer is & programmable interrupt timer and Tine

of PLay clock., This logic circuitry has an on boerc¢ (nvr, »n module,
to be exact) battery backup. 1The function consists of &n nscilletnr,
an interval timer «c¢hip, 256 bytes of ram, and an intervel timer
output, all done in CKCS logic.

The device appears to be xx bytes of memory in the I/C sgace. This

is @& byte addressable device only. The first 12 bytes are used for

the clock bookkeeping while the remaining 244 bytes are available for
tlie user. The KAM addresses are:
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INTEKVAL TIWMER DESCKIPTION

Address Function

770040 Seconds
77¢€¢1 Seconds olarm
77¢0¢2 Minutes

77663 Minutes alerm
7706664 linurs
7766€5 hours zlarm
176668C Ley nf wveek
776007 Date of pMonth
T7061¢ tonth

77¢011 Year

776612 Control Feg 1
77GE13 Control Keqg 2
T7€E14 1o T77¢377 User area

The clock circuit with its interncl registers is found in eddresses:
T764CC To 77¢477 Reserved for the Clock chip itself.

The 1CC circuit heas an interrupt priority level of =
interrupt vector of 1¢0.

with an

15.12 1,0 BCGX INTEKEACE CESCRIPTICHW

lnls interfece consists of a scries of 16=-bit recistere (& riaximum of1¢2) that resice on the I/C-box. ‘fue regyister definitions are asdescribed in the 2¢80 1/0-Enx specification. ‘ihe register cdcdresceslisted below are reserved for the I/C~-Enx use:
7T705U~77¢576 1/C-bBox internal registers
77¢606-770L5676 Systen Clock contvroller Fegisters
77CT6w=77¢776 DPilagnostic control registers

15.15.1 INTEKNAL RECISTEKS

The 1/0-Box Internal Registers are used to communicate with the 20eprSystem CFU. The registers consist of the trénsleation of the CCL datebits into the &ppropriste 208¢ bit os shown belnw:

CSL BIT 15 14 13 12 11 1f ¢S 72 67 o4 (5 a4 2 2 (1 (cC

I/0~-B0OX

REG Riglt 26 21 22 23 24 2% 26 27 29 2C 20 21 22 22 24 7%REG mMmiddle C4 €5 06 €7 ¢ 09 10 11 132 12 124 1% 15 17 1° 1¢REC Left KX XX XX VT MT MT MT MT xx C L P 00 0] 2 03The addresses for these registers are:
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1/0 bCXx INTERFACE DESCRIPTICN

c-JuL-2a¢

Fage 15-14

ACDRESS MNEMCWWIC FUNCTICHN

770566 - CKEGK This is the right most 17 Lits of the 208C

ME interface register. The ME interfeace

register is the means for transleting the 1A

bit console data into the 25 plus bits necessary

to talk to the 208C.

77¢5€2 - CRECM 1his is the middle 16 bits nf the 208¢ MB

interface register,

770504 - CKEGL This is the left most 17 bits of the 2080 ME

interface regicster.

77¢5¢86 - DRECR1 Right wost 16 bits of the Data REGister 1

776510 - DREGMI Middle 16 bits of the LCate RECister 1

77¢512 - DRECL] Left most 16 bits of the Date RECister 1

770514 - DRECR2 Right most 146 Lkits of the LCata FECister 2

770516 - DREGM2 Micadle 16 bits of the LCata FECister 2

77¢52C -~ DREGLZ2 Left most 16 bhits of the Date Reqgister 2

770522 - DRECGR3 Right most 16 bits of the Tate ERECister 3

776524 - DREGM2 Middle 16 bits of the Date PECister 3

77€C526 - DRECL?Z Left most 16 bits of the I':ta ERCister 3

77¢53L - DREGR({ Right most 1f bLits of the Date RECister 4

776532 - DRECHZ mMiddle 15 bLits of the Date BEGister £

776534 ~ DRECLA4 Left most 16 bits of the Cate FECister 4

A word of Gata being sent to the 2¢80 CPU wonld require the consnle

to write CREC_, and then DREC__. 'he CRECL nust be written last. ¢

four word wrile would require the writing of the CREC fnllowed by

the writing of the twelve DREC__'s. -

15.16 2680 SYSTEM CCONTRCL PANEL DESCKIPTTON

The 208 system Control Panel consists of five switcles, two LED

indicators and an &alphanumeric LELD display. The contrnl panel is

used to select which of the 1local terminals 1is the CTY, enabkle

KLINIK, control system Cn/0ff, and provicde contrnl for varinus other

functions that will be specified at & later dete. The LEPs are used

to inform the operator that the system is running by displeying the

time of way and any other information thet mey be capprorriate. The

following addresses are reserved for the control panel:

7711¢¢ -~ 771377

The following switches are resident on the control panel:

1. CONTKCL ~-This is a four positinn key switch.

Position 1: TED pr}
Positinon 2: Disable KLINIK Link ‘j
Positinn 3: Eneable User KLINIK Link

Position 4: Enable Cty KLINIK Link g &
2. TBED c )
3. 1BD Y

4. 1BL A
5. TbD

The following LED's are resident on the control panel:

L

L A 64

e

g

4
\
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20 S5YS8TLMm CCNTRCL FANEL DESCRIFTION

1. TTL CN - This LELC indicates thet there is TTL power

avalileble to this LED, and hopefully, to the

Consonle,

2. KLINIK ENABLE ~ This LED indicetes that the CCONTKOL switch

in key position 2 or 4,

15,17 ENVIRCNMENTAL MCNITOK

Thne system environmental monitor consists of various thermel <sensing

mechanisns located in the machine (not on the actual 208 lngic

modules) &nd verious sensors located in the power subsystem. The

aduress renge 7715¢¢ -~ 771777 is reserved for the environmentel

nonitoring interface.

15.18 SYSTEM CCOWNSGLE - PRCCRAMMING INFCRMATICN

The system console interfaces to the 208C-TTL bus as an invisible

type of port, that 1is, 1t uses the T1L bus as the path from the

console to the CPU. Using what is, essenticlly, & subhcet of the

basic 1/0 por: protocol, the console can recuest interrupt service,

pass informeation to the CPU wvie the EPT, eccess memnnry &t the

agiscretion of the wemory controller, etc.

The console can &lsn use the TTL bus tno prass informatinn tn, and

recelve information from, any of the ports. The cnnenle also has

access to Lthe I/C~kus arbitreation logic, and, with such access it can

initiste & memory to fort transfer. This c&n be done thrnugh the

simulation of the doorbell functinn provided Lky the F-BCX. The

console cen ring the bell of & given gort after the console hes

loaded the 208€ menmory and EFT with the proper trensactinn data. The

E-ECX path to the ports is through the 1/0-Fox and sn is the consnle

path to the rest of the system. This «llows the T/C~Enox to be

designed in such a meanner as to allow the console to access &ll of

the functions cvaileble to & port, FE-BCX, or F-ECX. 2 certain amount

of cautlon will be exercised in the design of this area of the

console anue I/0-Box in order to jpreclude the possibility of =&

taranoiu console (console has access to the mechine - so - take nver

thie busses).

The console Is notified of the fact that the 268C CFU has dete for it

Ly the use of specific EFT locetinons. 1The actual software protncol

used to read and write the EFT locations used for the consonle will be

detailed in the 2080 console cdiagnostic specification end will ke

edCcriiec end included in this specificetion as Appendcix 2.

is
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F-11 - CCNSOLE PROCESSOR

15.19 F-11 - CCNSCLE PROCESSGK

The I-11 implementstion used on the console subsysten does not have
the capability of running existing DEC software without modification.

The standard processor tests, memory tests and so on will run but the

1/0 routines for passing informeation from the operator to the cpu or
vice versa will not work because of the fact that there is no T[L-11

tyre device present at the classicel DL-11 address.

15.26 MSU - MASS STORAGE UNIT

Upon determination of the type of device used this section will be
completed.

15.21 SLU - SERIAL LINE UNITS

The SLU's are implemented using the ZILCC Z€C-5IC duel channel
communications cevice. The 2&£-SIC's &are imrlemented as word

adaressable cdevices. Any attempt to write into the high byte of the

SLU adGresses 1s ignored while the low byte is accepted in wonrc or

byte moue operations. The CIC device 1is similer to some typrical

communications devices aveailable on the Unibus (D¢-11, I'TMC~-11, or

KrC~-11) in that there are actually registers hicdden 1nside the

Gevice. 'The device oppears to have two registers resident on the bus

while in actuality the first address or CSk (Control and Status

Reyister) 1is used as a polinter register.

The S10 register addressing scheme allows the internal registers to
be selectea by setting up the CSE register with the internel register

pointer., The S1C internal register is then reac by accessing the SLU

Data register,

<
]

bach SLU's CSR (register eaddresses 774(¢02, 774012, 776022, &and

776832) or Control <¢nd Ctatus HKegister bos the following bit

definitions:

D<2:6> KREGISTER SELECT POINTER address ({ to 7 octel) hkits

D<5:3> Coummend Select bits

D<7:6> Extended Commend bits

The read and write functions appear to eccess c¢ifferent combkinations
of status informatinon lumped tongether in 2 register. write commands

access up to 8 registers (including keg (1) while the read commends

access up to 3 registers,
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SLU - SERIAL LINE UNITS

15.21.1 Register Cescriptions

The registers are defined as follows:

¢-JuUL~
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=

hWrite FRec
g

Function

e Fointer and cornmand
1 Interrupt control register
2 (REMLIN and LOCLIN2 only) Interrurt Vector register3 Receive btode Reg
4 Clock Mocde Flus regq
5 Trensmit Mode reg
6 Channel A sync reg (CTY or LCCLIN1 - not used)
7 Channel E sync req (REMLIN or LOCLIN2 - not used)kead

Register Functinn

¢ Flag kegister
1 Extended Fleg kegister
2 (REMLIN and LOCLIN?2 only) Interrupt Vector registerThe following

write Reg @

information describes the internal SLU registers:

Eit Title Function

4) PNT ¢ These bits are used to select the destination1 PNT 1 registcer for the next actinn: for a write, the2 PNT 2 next byte is written intn the register selected
by the pointer; for & read, the next read access
is to the register selected by the pninter.

3 CMD ¢ These bits are encoded to Erovide 8 commands tn the4 Cmpk 1 SIC: ¢ - null commend, 1 - Send Abort (SPLC mode nnly5 CMD 2 not used by console), 2 - Reset external/status Interrupts,3 - channel reset, 4 - reset receive interrupt on first
receive character, © - resct transmitter interrupt pending,. -— error reset, 7 - return fron interrupt,

6 CKRC ¢ These bits are nsed to encode four CkC logic reset7 CRC 1 commands: ¢ - Null commend, 1 - reset Rx CRhC checker,
2 - resel 1X CRC generator, 2 - reset Sending CRC/Synclatch. Cnly the null commeand 1s used by the consnle.
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- SEKRIAL LINE UNITSSLU

WKITE REC 1

6

7

EIE

TIE

KIm

kIm

W ROT

REN

W/ RE

—
 
T
2

Externel Interrupt Enable allows modem control status

changes to cause an interrupt.

Transmit Interrupt Fnable allows TEMT interrurts

Status Affects Vector ellows the Interrupt Status

to be encoded intn the interrupt vector. This allows

the various interrupt conditions to point to the proger

service routine througl the use of a dispatch table.

Ex Interrupt Mode bits provide and enconded command thet

controls the action taken on a Feceiver Interrupt: ( -

kx Interrupts Lisabled. 1 - Rx interrupt on first character

only. 2 - Interrupt on 211 received cherecters, Parity

error effects vector., 2 - Interrugt on &ll received

charéecters, bParity Error does nnt affect Vector,

?

?

?

WK1ITE RECISTERK 2

This is the internal SIC interrupt vector register. This 1is e

Lrogrammable

dispatch table. Coupled with the essertion of the S2V bit (kit 2 of

hWrite

directed to the proper subroutine., [or example, If e dispotch teble

were constructed with the following informetion:

XXA

XXX

XXX

AXX

AXA

XXX

XXX

XXX

The

thie

Xbb

X492

Xu4

XG0

X1l

X12

X1l4

X16

Reyg

base

Fase

base

Base

pase

base

base

base

register that can be used honld a kesic pointer for &

1), the wvearious interrupt causing conditions can he

adaress - pointer for Kemlin TBkMT service routine

address +2 - Pointer for Remlin Nndem control service routine

address +4 - pointer for Femlin keceive cata availeble routine

address +5 - pointer for EFemlin special receive condition

routine

adaress +1¢ Fointer for CTY TBMT service routine

acdress +12 pointer for CTY Mocdem control routine (not used)

address +14 - pointer for C1Y receive data avail routine

address +16 - pointer for CTY special receive condition routine

i

same scenario would apply to LOCLIN]1 and LCCLINZ. 1his is a

programmable

interrupt vector but rather provides a handy dandy recister tn store

low

8 Lit register that does not generete the PCFP-11 tyge

byte pointer for the dispetch teble (a programmers

imagination can be counted on to achieve other wuses for this

mechanism).
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SLU - SERIAL LInNE UNITS

WhITE RECISTER 2

y RLCEN Receiver Fneble.

1 SYNLEDIN Not used

2 ACHM Not used

3 RCECE Not used

4 EHMm Mot used

5 ALUTC Aatomatic mode enable. DCD &#nd CIS become the enakle

signels for EX and 1Y respectively.

6 REC ¢ Feceiver l'its [er Char select: (-f tits, 1-7 bits,

7 kEC 1 2 - 5 blits, 3 - ¢ bLits per character.

WRITE KEGIOALEK ¢

£ FAKEN Parity Ekneble

1 FL/-C Paerity Fven (when set)/ Perity (ud¢ {(when clear)

z Sk ¢ Ctop L1t sclect: (= not usec., 1 -~ 1 stop kit jer

3 ST Chicracter. 2 - 1.8 stop bits pov cherecter., 2 -

2 stop bits per chevrecter,

4 SYMC Not used.

5 SYMC 1

6 CLCK ¢ Clock divisor szlect, 2lueys sct tn 1 (C1) fnr

7 CLCK 1 <8¢ use, ( - X1 c¢leck, 1 - ¥1f cleck, 2 - X32

clock, 3 - X%4 clock.

WKITE RECISTEK &

[ TCKCE 1Tx CKC Enzble - not used., Cet tn .

i RIE hecuest 1o tend., Set = 0N, Cleecr = OFI.

2 -5CLC Not Used. Cetting dnecs not matter

3 1TX kN Transnitter bkneble.

4 LELAL Cend LKEAK character. 1he Freak chaevacter

is sent for &s lnng e< this kit is true.
5 1TeC ¢ 1x Eit Count: € - % bLits (or less), 1 - 7 bits,

6 TesC ] 2 - 5 kits, 2 - ¢ Lits per cliecracter,

7 CTR . Cate Terminal Pecdy. Set = CN, Clecr = CII.
vwhIThk KREGISTER 6 Nobt used,

vwR1ITE KECIZYWER 7 pot used,

KEAL KECIS1TER ¥

G KC7. Ex Chereacter Iveileble., Commenly celled Feceive
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SLU - SEKIAL LIRNE UNITS

Cata Aveileble.

1 1F Interrupt Fending. 2vailable only on CIY and LCCLINIT.

Flvays set to ¢ in FEMLIN and LCCLINZ.

2 TBMT Trensmitter buffer ebply.

3 CCD thows the state of LCD signal at time of lest

external interrupt or following execution

of command 2.

4 S5/h Not used in 202¢,

State indeterminate, must ke ignored.

5 C1s Shows state of CY15 ¢s in I'CI above.

O sC/¢ Not used in 2¢80.

State indeterminate, must be ignorved.

7 L/ & Lreek character detected.

REAL RECISTER 1

9 ALSENT Used for diegnostic purpnses to cetermine that the

Trensmit shift register is cmpty. (TBMT true

coupled with this kit indicetes thet

the Trensmitter is DONF).

1 KRC €

2 RC 1

3 KC 2

4 PL

5 ROE

6 C/ELE

7 ECE

KEAD REGISTER 2

((pore Late will be providcea))

15.22 1CC - TIME CF CENTURY CLOCK

((To be proviued ugpon selectinn of 1TCC chiyp))

15.23 ©SYS1TEM CCNSOLE - I/0 LOCX INTEREACE PRCCKAMMING

The 1/0-ECX interface consists of up to 256 15-bkit registers that can

be read or written by the console processor. 1he actual register

descriptions &ana addresses are described in section 3,85, The J1,0-Box

includes the 2¢80 Diagnostic paths, the consnle to CPU path througl

the I/0 box, the console to TTL-Bus EFORT peath, anc¢ the Eknvironmental

monitoring logic, The interrupt recuest level fpresented to the
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console sub-system from the 1,/0 Enx is:

Level 4 - CPU to Console interrupt reqguest.

15.23.1 ©Systew Console ~ IOECX Transactinn Frntocol

((THE FOLLCWING DATA KEPRESENTS A PRCJIJECTED CCOFTVPFE IMELEMENTATION

O 1HE SUB-FUNCTICNS NECESSARY 1C 7LLOW THE CCNSCLE T0Q CCHMMUNICLTE

WITh ThE EES'1 CF 1THE 2820 SYSTEM. 1HERE ARE WO HAKCWARE FEATURES

-CKOCKE~- THAT1 FRECLUCE THE IMFLEMENTATICN CF 1FE FULL T1L-BUS

PRCTUCCL!I!))

The following is the subset of the basic CCMMAND/ZITCORFSS formets that
Cén be useu by the cystem console (note thet this is prelininary Cate

anu subject to change upon mesticetionn). There is abeolutely no
hardware restriction theat frecludes the cxpension of the following

Frotocol into the full T1L-EUS protocnl definec in the the 2¢20-TTL

bBus specificetion.

CUMMAEND/ ALDRESS EORMAT

Rt TP—— +

! ! !

i TR —— R e R S +

E<U:3> A<l2:25>

CUMMALDS

E<G: 3>

Cebl MEMCORY KEAL ~ ECUR WCRLS

Wbl EFT KEAD -~ FGUR WCKLS

Pl MEMOKY KEALD ~ ONE WCRL

Gbll LEFT KEAD ~ ONE WCKE

16Ut MEMCRY WKITE - FCGUR WORLS

16l EPT WRITE ~ FCUR WCRDS

1l SEMCRY WRKITL - ONE VCRL

1011 EF1T WRITE ~ OKE WCKD

CCMMAND CCLES

FICURE Z

The Z68L I/C bus defines fnur command/eddress functinns., nf thesce
four ftunctions, only twn are suppnrtec by the systeri consnle: EEAD
and WE1TE. 11he KREAD and WRITE functinns heve subfunctinns that ecre
supported by tlie system console: READ one nor fnour worde from remory,

KEAD one or four words EPT, WRITE nne or four words tn mnemnry, “EITF
one or four woras to LEPI. ‘lhese functions zre deteiled below. 1he

KhEALD Lunctions are indicated by the state of bit <¢> of the conmand
function - when Dbit <> is zero, the functinmn is 2 RFAL. The
subfunction is indicated ky the state of bLits <2:23>. Eit <2> set
ingicates an LE1 subfunction while bit <2> cleecr incdicates = nemnry
subfunction. bit <2> clear indicates & four word transfer nperatinn

while bit <2> set indicates a one word transfer nperatinn.,
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SYSTEM CONSCLE - I,0 BCX INTERFACE PROGCRANMING

15.23.1.1 MEMCRY IKKEAD FUNCTICN - Encoded 1nto f<fi;2> as ceer/c010,

the Memory READ function recuests that the M-BCX retricve the 25 bkit

data in the memory location specified by the address given in bits

<12:35> ol the Commend/2ddress word, The M=ECX decndes the cnommand

in bits <P:2> end transfers either one or four words to the 1/C-BCX.

The 1/C~-BCX buffers thie wnrds and transfers them tn the connsnle

device, The nmemnry address specified in bits <12:25> of the

Conmand/Address word stpecifies the starting eddress of a four word

trensfer if & four word functinn has been selected. In the event the

selected address can not be read because of a non-recovercehle dete

error, that is one that can not be corrected, the UKRCCR signel is

sent to the console,

15.23.1.2 EPT REALD FUMCTIUN ~ Encoded into [<K(:3> &s (0gl/0011, the

EPT REAL function requests that the M-BCX retrieve the 26 bit data in

the EFT location specified 1in the address bits <12:25> nf the

Conmlianu/2Address word. Note that bits <12:20> ¢re transleted by the

M-ECX to reflect the current EER contents end thus access the progper

EPT location. The FN~BCX decndes the comraend in bits <fA:3> enc

transfers either one or four worde from the EFT lncatinn specified in

Commend/ Address wnrd tno the I/0-BCX. The T/0-ECX buffers the word

or worus of cdata and then transfers them tn the c¢nnsnle, in the

event of & trensaction error, the F-BCX informs the connsnle thronugh

the assertion of the UNCCR signel line.

15.23.2 WRKITE EUNCTIONS

The WRITE functions are indicaeted by the state of bit <> of the

commend function -~ when bit <0> is a one, the functinn is a WRITF,

The subfunction is indicated by the stete of bits <2:3>, FLEit <2> set

indicates an EPT subfunction while bit <3> clear indicates & memory

subfunction. FEit <2> clear indicates a four word transfer opcraotinn

while bit <2> set incdicates a one word transfer operatinn., The 26

bit gdata plus tarity 1is buffered by the T/0-ECY¥ before it is

transferred to the M-BCX (memory or ept) locetions,

15.23.2.1 MEMOKY WERITE EUNCTICN ~ Encnded into I<(C:3> es 1c00/1c01(,

the newory WRITE function recquests that the M-FECX allow the

subsecuent 36 Lit word nr words to be Jjem transferred from the

console to the memory address specified by the address given in hits

<12:35> of the Command/2ddress word. The I/0-BC¥ buffers the 34 hit

data word or words (elonyg with the parity bits) until the F-Box

yenerates & grent that allows the transfer to take place.
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15.23.2.2 EPT VWKITb FUNCTIUN - Encoded into F<C:2> &s 1¢81/1¢11, the
EPT write function recuests tnet the F-ECX allow the jem transfer of
36 bLit dete from the consnle to the FET locatinn/locatinng srecified
in bits <12:35> of the Coumwend/ 2ddress word. Hote that bits <12:25>
of the Commend/Zddress word are transleted by the ¥-PCX to reflect
the current EbLR contents and thus allow the data to ke written intn
the jproper LPT address,
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KREF EKENCE CHAKIT

15.2¢4 KEFREKENCE ChHART

The following dete attempts to provide & cuick reference for the

auaressing, vector address and interrupt priority of ecech device nn

the internal console subsystem Lus,.

LUb FUNCTICN CCMMCH INTEREUPT INTEFRUPT

ALLREGLS (READ/WRITE) MNENMONIC PRICREITY VECTCE

777 776 PrCCEGECR STATUS WCED

777 774 STACK LIMIT

777 772 PROGRANM INTERRUPT REQUEST

777 77¢ :

} DEC KESLRVED

777 72¢ :

777 717 USER R6 (SF)

777 716 SUPERVISCR R (SP)

777 767 : K7 (PC)

777 766 KERNEL R6 (SP)

777 765 } R5

777 764 } R4

777 763 } GENERAL R3

777 702 } KEGIS1ER |Wi

777 701 } SE1 € K1

777 79¢ } Re

777 656 |

777 654 |

777 652 |

777 65¢ } USER ACTIVE PACE

777 G46 } ADDRESS RECISTEKRS

777 644 |

777 642 |
777 640 |

777 616 |
777 614 |

777 612 |

777 61C } USER 2CTIVE PAGE

777 666 } DESCRIFYOR KECISTERS

777 6¢4 |

777 6062 |

777 €6¢ |

777 576 } S1ATUS RECISTER 2

777 574 } STATUS RECISTER 1

}777 572 STATUS KECISTERK f
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REFERENCE CHAK'

776

776

776

LS

776

776

7176

776

776

776

776

776

776

177G

776

776

772

772

772

772

772

772

772

772

772

772

772

772

772

772

772

172

£36

634

€32

03

526

£22

£16

(14

612

C10

LG

CC4

bk

354

354

352

350

346

344

342

340

316

314

312

31¢

3¢6

364

302

366

777

£77

e

776

S6C

reserved

Eaud kate Cen

Cont/Stat Fegister

Lata kegister

reserved

beud Kate Cen

Cont/Stet Fegister
Date Fegister

reserved

Eauc¢ Kate Cen

Cont/Stat Register

Data Ekegister

reserved

bauu kaete Cen

Cont/Stat FRegister

Datea Reyister

USEK ACT1IVE PACE

FEPCRESE RECISTERS

USER ACTIVE PACE

DESCKIP1ICUE RECISTERS

} bhvironmental
} Monitonr

} Interface

} Control

} Fanel

} Interfece

} rass ctorage
} uUnit

} Interface

boo1/0 bkox
} Interface

} hegisters

ot duplicete

R/¥

F/h

R/W

R/W

K/ W

K/

/I

R/¥

k/V

R/W

E/ I

E/W

K/

E/

R/

LOCLINZ

LCCLIN]

REMLIN

KEMLIN

CTY

Cc1y

ENMO

CFIL

1CE

[$
a]

(
8
]

N

21r

21

32¢

¢-JuL-2¢

Page

(SLU

(SLU

(SLU

(SLU

15~ 2%

Chan

Chan

Chan

Chan

E)

r)

E)

?)
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776 477 } fiine of

: : } Century

770 4¢0 } Interface

77¢ 377 } Non-volatile

s : } Battery-Backed

T77¢ €6 } EAWM

767 776 } 1/C Page

Resident

766 COU } ECM

*
e

o

V
o
t

...... } Power Fail

...... } kus Error

duglicate

R/W TCC

R/ W NVR2M

READ ONLY

READ CNLY

none

nnne

c-JuL-gc

Page 185~26

100

nnne

none

~24

(ea
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CCNSGCLE SCE1TWAFEE

PRCLCUC1 CVERVIEW

16.1.1 Croduct fhstroct

The ZUUU censole subsystern scrves as:

l. 1dhe ojerating systen's contrnlling termin.l (<), Then

tineshering is running, the console jrovicdes the cystem CTY
link, monitors envivonmental conditinns, and Lrovides support
for soft error recovery e¢nd errnr lngging.

2. lhe corputer system's herdware consnle, It can be used fnr
the operation and control of the herdware in the system.

Lunctions include systenm bootstrepping, power fail restart,
system initializetion, and ecting as the lights and switches
nf the machine,

3. The system's diagnostic cnnsonle, It controls lnacing,
scripting and execution of diagnostic programs, &nd serves as
¢ harcéware and software debugging tool.

Thils docunent details tlie functionality of the 202 consnle
subsystem and the éssnciated softwere tasks necessary to

implement that functionality.

The console subsystem software will consist of three
seylients of coue:

l. 1The "harc-core" consonle (RCECM) is blasted in EIRCH,
This Lay be ugp to 1ZKE of memory, elways azveileble. fShis
segrient of software conteins:

* routines to test the basic harc-core herdvare in the
consnlc.
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* routines to load the "lonadakle"TM console or consnle
diagnostics into consnle FAM (see (2) Felow) .

* an ASCII console terminal hendler end command Lerser.,
* routines tn liandle the required KLINIK/ZPT

functionality.

When the "hard-core" ©console is in contreol, the
Fromipt 'ROM>' will be typed on the consnle terminal (s).

ihie "loadable" console (KCCCHN) is the next 228KE of F1)]
Erogrem loadecd into the F11 RAM. This 28KE "lonadeable"
console plus the 12KB of "hara-core" consnle make up whet
is reterred to as the "resident" consnle. This
"loadeble" console provides:

* an extensive set of 2¢fC CPU specific functions,
* a more sophisticated (1TCPS-2¢ like) terminal hendler

and cowmniand parser than the "heard~core" consnle.

* a generel purpose subroutine peckage for use by the
consonle-based cdiagnostics and the Run-time Support
Programn (see (3) belnw).

* routines for bootstrapping of the entire 2020 systen.

The wmemory segments conteining the "lonedekle"
console are mapped &s reed-nonly using the 11 LEmnry
management ortion, Wwhen the “"loadeble" consnle is in

control, the fprompt 'CCN>' will Le typed on the console
terminal(s) .

The Kun-time Suapport Program (XCRSE, celled the RSP
hereafter), 1is 1loaded into & portinn of the rest nf the
eavailable console F2aMm, It forms the topmost (third)
level of software in the console subsystem. 7The FSFE will
recognize all commanés recognized ty the "lsedehle
console plus some additional nnes. 1t will provide the
sane sophisticated terminal hendler and coumend parser as
the "locadeble" consnle. The FEP inplements the
adcitional functions &na communicatinn LErotocnls
necessary to run an operating system or any stand azlone

€LeC moce program. Vvhen the RSP is in contrnl, the

prompt 'RSP>' will be typed on the console terminal(s).

Daring hardware debug, or the menufecturing proncess, the LSE
be repleced by a console-kased 2¢0C cdiagnostic. 2ny such

diagnostic would act as the top nost level of the console
software, and coumanc parsing would be the same es described for
the RSP, In general, command parsing shell be congsistent for a11
levels ot commend decoding except for the "hard-core" console.
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The software shall besically be an upgrade of the FLI( front

end KLLCF. Cnde for ncw and different front end cdevices will he

edGea to the progrem,. Code for obsolete end non-wxistent cdevices

will be removed. New functions dealing with the 2080 CPU will be

provided and a now Cowménd persing scheme will be provided, rs

an dpgrece ot KLDCE, the 2£8( Consnle Progrem will be written in

POF1l assemkly lanyuagye and easscmbled nder p2CY11.
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l1€¢.1.2 Procuct Audience

The consnle software will be used by hardware engineers,
fiela service rersonnel, rnenufacturing Lersonnel, system
Frogrammers, cilegnostic (rogrammers, and end-user operatars,
edhinistrators, end progremming personnel, In short, anynne who
uses the ZLOC consonle terminel (s).

PRODLC'YT GOALS

2.1 Performance

1. 1hec consnle processor will drive the 2PT line at 1¢, 2Kb. r

VI1lLe or hardcopy terminal rey be attached to 1¢.2KL lines

(Fax speed, programueble by the consnle), and vwill Le driven
at tiie mexinmum rete whenever possible.

2. The console command languige will be cecy to learn :nd use.
It will conform to the TEC Ctenderd Comrend Languege
guldelines and will implement full recngnition &ng Frompting.,

3. Eystem booling and power-fail restart will o»ccur without
operaetor intcecrvention,

4. The tine to perfnrm the console hardcenre teste will ke Jess
than 30 seconds.

5. 'The console will act ¢s the light and switches of the 2¢gp
system.

e2 Environuents

The console softvere assumes the following consnle hardware
configuretion:

1. A FCONZ1l (F11) with memory reénegenent fov the c¢onsnle
“‘["U [

2. Two consnle terminels - & Lardcopy terminal ( &n L2222,
LAalze: or eculivalent) end & viden tevrminzl (& VTICL or
equivalent ANGII stendard terninegl).,

3. LEkight asynchronnus lines, Cne of these lines nust
Frovide full modem control and variab.le boud retes to ot
least 1¢.2KE in nrcer to neet the KLINIK/2PT
requirenents, Chne of these 1lines nmust implerment ETA
standard k5-422 and the other seven rust implement FIA
standard kS-232-C.
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. 12EKB of ERém.

12KB oif EPRCH.(
@
9

.

6. An EXG4 Floppy LCisk for the «c¢onsnle

ppwering on and off of this cevice

by the console softwarc.

7. A proyrammable event timer,

1n

nus

C

t be

Page 1{-5%

Cevice. The

rrograenmable

. A parity computing network to allow fostcr conputation nf

micrncode prarity.

\
~

.

1C. 255 worde of nmon-volatile read-write

£ 1ime-of-Century clockh with battcry beckuyp.

meEmnry

Lroper power-fail restarts of the system.

to suppnrt

11. & dilagnostic visibility/control niechenisn to suppnrt

microciagnostics.

12. ¢<Cystem clock control - start, s

13. &n 1lf0-charecter &lphanumeric displey on whicl

cen cispley error informetinn =

14, A consnle peanel containing:

l. o power-on switch.

2. a "Cystem Start" switch.

3. & "Console Sttart" switch.

4, @ Console Lnck key switcl..

& herdware lockout of the

must be readeble by the cnonsole

tor, helf-steg

nd other

This switclh must

"Ctart"

snftwere.

£. & [four-position key switch:

by the consnle software.

16.2.2 kelisbility Cnels

1. 1o ellow the operating system tn

console creshes.,

2. lo provide enough hard-core testing

the console FFU can talk to the C1Y

cont

in

ane

two

Eover-onn

Fower-on encble, KLINIK uaser enzbled,

cnebled. The status of this switch must be

inue

PRCp

the

snc

the

and burst.,

the ocnnsnle

functinns,

ranning if

tn

I1nsd

verify

cevico,

Lrovicde

cswitchles and

disable,

YLINTV

readebkle

CTY

the

that
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COALS

Failsoft Cnals -

The 2080 console software shall attempt to recnver from soft
barity errors which occur in ite instruction space.

Tue console shall @lsn handle console subsysten [ rogremnming
errors and operator typein errors in & recsonable fechinn.
Curing timesharing, &ny commends that would cause timesharing
to stop in an unnrderly fashion will recuire confirnmetinn,
This will not stop the melicinus user frop crashing & system,
but 1t will bhelp prevent the clumsy usev from pccidentally
crashing the system. Thevre will be & commend eaveilable to
turn off confirmetion.

The Console Lock switch will Lrrevent a yser from
inacvertently creshing & ruaning system. Vith the switch

enabled, derressing @ consnle switch or typing Control-\
wcuring timesharing will hove no affect.

vystewm operation will continue if »one of the tvn cnnsnle
terminals goes cway.

Non-{Unals

To have the loauakle 20845 consnle software inplerent o VAX
compatible c¢onsole commend lancueye. Eor tlose comniends
which have the exect seme function, persing shell be
consistent,

1o ke capable of accessing the operating system cisk file
structure, except for the code necessary to find = disk
"bootstrap" area. The bootstrap arece shall be & contiguous
number of blocks on the disk, &nd pninted to by én entry in
the disk's home block. 1This scheme is like thet used an the
K51C.

1o suppnrt éeny devices on the console nther than thnse listed
in the "Lnvironments" sectinn.

1o provide the "herd-core" consnle capability to hoot the
"loadebleTM «console from & system disk or tepc. %his irplies
that 1t the console floppy is down, the only recns to bEnnt
the "loedable" cnnsnle is the vie the KLINIK/Z2E7 line.

<
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16.2 [UNCIICNAL DEETINITION

16.3.1 Operationel Cescriptinon

The console software covered by this specif

ol &

"loaueble" consnle (KCCCN) which is loceted in the

anu the Kun-tine Support Frogram (KCRSP) which occupies aK&,

portion

ication consists

"hard-conre" consnle (KCRCH) whichk is blestea in PROM, &

¢ fivet 22¥EF nof

of the rest of the FEAM space. The functinnality

contained in each of these three prograrms ic described briefly in

thie next three scctions. MOTe cdetailed descriptinns of

individual functions ere provided in subsecuent sectinns.,

1¢.3.1.1 "Lard-core" Console -

lhe 12Kb of FRCM spéace conteins the "harc-core" conesnle code

(progrefe nakie KCKOH) whiicli performs those software functinns

vhiich nust be permanently aveileble. Those functions includce:

l. tielaing e¢nd attenpting recovery on conenle menecry jarity

errors,

Fecrforning e console harcware herdcore test.,

Looting the "loadable" consnle from the consnle florry or

downline over the KLIRIK/ADT line.

Pertorming very bkasic terminel henclina and commend

rarsing. No TCES2C style prompting or recognition will

be proviced.

Providing consnle CIT (Octal Febugging Technicue)

functionelity plus comnmands to selcct the bont device and

to bLoot the "loadeble" cnnsonle.

Oriving the KLINIK line &¢s & remote diagnosis port.

Initiating the ttart or Festart precedures ap to the

point where the "loadeble" consonle cen take over,

whien the "hard-corce" consnle is in contrnl, the jrompt

'RGCi>! will bte typed on the console terminal(<).
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16.3.1.2 ‘"Loedable" Console -

The L[irst 3EKE of 1loadeble k&AM is referved to as the
"loudeble" console (progran neme EKCCCH). Together with the

"hard-core" console, it comprises the "resident" cnnsnle. It ics
loaaed by the "herd-core"TM console end provides the followving
functionality:

1. £n extensive set of commends to eccess and conitrnl the

206¢ System hardware.

2. A text editor.,

3. Routines to commwunicate with the pover contrnller and
monitor the environmental conditions.,

4. & more sophisticated terminal handler and commend fperser
then the "herd-core" console, The parecer provicdes a

consistent subset ot TCES2C0~1ike Fromyting and

recognition,

Se £ general purpnse subroutine peckage fnr nse by

consonle~btased diagnostic programns, the RSP, and consnle
utility programs. ‘The routines ana their interfaces are

described in Ppprencix C.

e hkoubines for bootstrepping the 2000 systcu. This
includes loading microceode inte the CPU ¢nd 1/0 Forte

7. An CGLT-like debugyging package.

The menory seyments conteining the "loadalble"TM c¢nnsnle are
ligppeu &s read-only using the P11l memory wenegement optinn, This

Frotecte agyainst higher level consonle programs overwriting jarts
ol the "loadable" consnle.

khen the "loadeble" console is in control, thke prompt 'Copd>!
will be typed on the console terwinel ().
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16.3.1.2 kuan-time Suppsrt Frogram (LSF) -

The hun-tine Support Progren is 1o

“¢-JuL-2n

Fage 15-0

acded snonevhere in the
remeining console RAM which is not occupied by the "vesident®
console, The only tine thet the FSP will

consnle-based cdlognostics nv util

Trace/Debugyging Packege) eve heing ry

provideu by the KEP includes:

1. Lxecuting its jpert of the Stervt o

2. Suapporting USER MCIE KLINIK betwe

thie 2080 Progren.o

transfers, ihis features will b

developnent and release ¢njineeri

W
S

o Communiceting with & Z{00 program

nnt be in E2M ice when

ities (<uch &< the

n. The functionality

¥y Fostert secuaence,

en the KLINTK USPFT and

Se Cupporting 2086 Prograw to/from Consnle flojppy cata

€ sl only for softvere

"G.

(Gperaeting fystem or
alaegnostic nonitnr) . Ttils includes routing message
rackets bietveen the 2097 Lrogron

-~ -

Proviuing wodule callout for the
crror detectinn herdware detect

(
@
2

[

- N . \ . S =zna tle console devices,

CFU cluster when tlie CPU

< @ feult., This ¢scunes

that cuequate error scan-out logic is provige to dn this

isnleatinn, Approximetely 7Jy-£€7
errovrs should he isnlatible tn th

6. Provicing error logging fnr soft

7. Providing routines to initiete in

263 CPU harcware error.,

. Cafpability to run two tasks in

Lnde . This will be used to dn

CPU error detectinn end r.icrocnde

Wiien the KEP is in control, the prom
on the console terminal (s).

© of the fpnssible CFU

e mndule,

(ru errorg,

struction retry after &

a foregrnund/kackground

fault insertinn to test

retry ~lunrithme,

pt 'PET>Y vwill be typed
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16.3.1.4 Software Configurations -

There are severeal possible configurations of software
running in the console and the 2688 CBPU. Obviously, the
"hard-core" console is always present., The "lnadable" consnle is
always present except when a console diagnostic is being run or &
console hard-core hardware Lroblem exists which gprevents its
being loaded. Normally, when a program is running in the 2g°0¢
CPU, the RSP program must be running in the consnle. Ctherwise,
the RSP may be replaced by console-besed 208¢ ciagnostics or
other console wutility progrems. The table bkelow 1lists the
possible configqurations,

Consnle software 2¢86 CPU software
S S A . . n n —a MEn . — —

1. KCRCM * -

2. Console Liag * -

KCROM

3. KCCCN * -

KCROM

4., Utility Program * -

KCCON

KCROM

5. Consnle-based 2£280 Diag * -

KCLCSP

KCCON

KCROM

€. KCRSP * -

KCCCN

KCROM

7. KCRSP * Orerating System *
KCCCN

KCKOM

8. KCRSF *

KCCCN

KCRCM

Diagnostic Fonitnr (DOEMCN) *#

* = program in control

In configurations 1-6 no gprogram is running in the 2080 CPU.

1. 1In configuration 1, the user is at 'ROM>' prompt level
talking to the basic "hard-core" console command gerser,
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In contiguration 2, the user is running & diegnostic of the

console itself. These diagnostics will be revinrks of

standard PDP1l1 CPU diagnostics. Prompting and dialogue is

under control of the diagnostic.

In configuration 3, the wuser is at 'CON>' ©prompt level

talking to the TOPS-2¢ like command parser.

In configuration 4, the user is running a consnle utility

program (such as the 1Trece Package) as e third level of

software in addition to KCROM and KCCCN. The functionality

of KCCON is eveileble to the utility as subroutines.

Prompting and dialogue are under control of the utility.

In configuration 5, the user is running a consnle-besed 2¢80

diagnostic as a fourth level of software in addition to

KCROM, KCCON and KCDSP. KCDSF is the Diagnostic Sugpport

Package which runs transparent to the user as a third level

of software. It provides test <cdispatching &and <subroutines

for the diagnostic. Promgting and dielogue are under control

of the diagnostic and KCDSP.

In configuration 5, the user is running the Run-time Support

Program as & third level of software in additinn to KCROM and

KCCCN. 17The functionality of KCCCN is availecble to ESP as

subroutines., Prompting and diealogue are under contrnl of the

RSP. '

In contiguration 7, the user is running &n ojevating system

in the 2@80. The RSP 1is actively communicating with the

operating system. CT1Y input and output are under control of

the operating system, with the RSP merely serving as a

buffer.

In configuretion 8§, the user is running 20°0~based

diagnostics under <control of the 2020 Diagnostic Monitor

(DEOMCN). The EKSP is actively communicating with DerMCN,

CTY 1input and output are under control of CERMCN, with the

RSP merely serving as a buffer,.

Note that when & console-based 2¢€f Cciagnostic 1is running

(configuration 5), no program can run in the 2¢80 since the

diegnostic will be manipulating the 2¢8¢ hardware at the

microcode level.
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16.3.1.5 Console 1lerminal Handling -

16.3.1.5.1 17Terminal Modes -

The two contexts in which the console terminals operzte are
"Console Mode"TM and "System Mode". In “Consnle Mode", the
controlling console program handles all terminal input and

output. The console program's types it prompt (e.g., "CON>') &nd

all characters typed at the terminal are interpretec as ingput for
the c¢onsole program. "System Mode" is the normal mode when a

rrogram is running in the 2¢8¢ CPU and the RSP is running in the
console. The RSP program 1is transparent to the user and acts
nmainly as an intelligent terminal buffer. 211 fprompting and
character echoing must be fprovided Ly the 200 progren.
Characters typed at the terminal are passed directly to the 2¢ep
program, Up to 128 1ingput characters will be buffered. If an

overflow occurs in "Console Mode", the character is thrown away
(not echoed) and a bell 1is given. In "System Mode", the

character is written into the input buffer over the previous last

character received. When this overflow character is finally

passed to the 2¢8¢ program it is accompanied by an error status.

The capability will be provided for the 2088 program tn recuest
the flushing of the console input buffer.

There will be commands provided to switch the console
context. To change context from "Cystem Mode" to "Console Mode",

the user must type a CCNTROL-BACKSLASH("\). This is the one
character which 1is not rpassed to the 2C2f program in "System"
node. If a single Control Backslash is typed, the mode switch
will occur after all the preceding characters in the input buffer
have been sent to the 2680 prongram or after & timeout has
occurred. Two Control Eackslashes cause immediate transfer tn

"Console" mode. All characters in the input buffer are flushed.
This is analogous to the operation of Control-C in TCPS-2¢. This
mode switch will result in the 'RSF>' prompt being typed and the

console entering 1into a foreground/background mode. At this
point, the terminal input is processed by the RSP program. The
RSP will continue to maintain keep-alive ané other essential
communication with the 2080 program. 2 command to change the
escape character will be provided. To return to "System Mode",

the user must type the command 'QUIT' to the RSP (see Appendix
E) . Any command to the RSP which executes a 208¢ instructinn or
starts a 2080 program will &automatically cause a switch to

"System M ode".

NOTE:If the Console Lock switch is in the 1lock position,
typing a Control-\ will have no affect.
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16.3.1.5.2 7lerminal Usage -

The 2¢8¢ will have both a hardcopy and a video terminal

attached to the console at all times. The use of these termineals

ana how they are controlled by the «ccnsole software vearies

depending on the situation.

The “hard-core" console will t

igentically. 2All output will be sent to b

will be accepted from both terminals. &Als

key switch is in the KLINIK CTY position,

treated the same as the two terminals.,

reat both terminals

oth terminels and input

o, if the console panel

the KLINIK line will be

The "loadable" consnle and the consnle utilities treat the

terminals differently.

-~ Input from the hardcopy terminal will be echned at Loth

terminals and all output resulting from the execution of

a commanad &t the hardcory terminal will be sent to LEkoth

terminals., 1If the KLINIK line is being accessed, it will

also receive echn and commend execution output.

- Input from the video terminel will echo »on the video

terminal a&and on the KLINIK line if it is being eccessed.

Commenu execution output elso gocs to the viden terminal

and the KLINIK line. Eclo and commend execution output

will be sent to the hardcopy terminal only if it is

enabled as & logging device. There will be & commaends to

enable and disable this feature.

~ Input from the KLINIK line will echo on the KLINIK 1line

and at both terminals., Command execution output will

also be sent to &ll three lines. Ey command, the KLINIK

user can inhibit all typein on the consnle terminals.

The local operatnr can override this by ?2?2?.

The console~based 2#8¢ cdiagnostics will treat the three

lines the same as the "loadable" console does except that the

hardcopy terminal will &always ke enabled as a logging device.

If no program is running in the 2£2¢ CPU, the RSP Lrects the

thiree lines the same as the "loadable" consnle does. If there is

a 2680 program running, the RSP and the 268 program work

together to fprovide the following functionality. The video

terminal is operated in a split screen mode. The first fnur

lines are used for a hardware real-time display contronlled by the

REP. The remeining twenty lines e&ere used for the operator's

terminal under the contrnl of the 2¢8¢ program. The hardcory

terminal is wused &s & 1logging cdevice for important system

messages and information which mey or mey not be glsn displavyec

on the operator's terminal. The nutput to each is determined by

the 2080 program. A Control-\ typed at the video terminal will

put both the video and hardcopy terminals into "Console Mnde" at
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KSP pronpt level. P Control-\ typed &t the hardcory terminal
will put the hardcopy terminal into "Consnle Mode" but will not
affect the viden terminel. £ Control-\ tyjp.ed nver the KLINTK
line (&assuming that KLINIK CTY is enabled) will ut the KLINIK
line and the hardcopy terminal into "Consonle MocGe" but will not
aftect the viceo terminal.

16.3.1.6 ‘rensitions Letween Frompt Levels -

The table below cescribes the actions necessary to rove
between commend levels:

trom Level To Level Actinn Recuired

KCK> CCN> tyre 'R KCCCL.xxx'

RG> KSFE> not directly possibkle

cCn> RG> depress 'Console Start' swvitch on

console panel

CC> RSP tyre 'RUN ESP'

KSE> KON cepress 'Consnle Stert' switch nn

cecnsnle penel

KSE> CCN> tyre 'QUIT!

user Lrog CCN> tyre 'QUIN!

PIOMEL
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le.3.1.7

The

"Hard-conre" Console Commands -

"hard-core" consnle will implement commands to perform
the following functions,

1. Examine and depnsit console memory and general [arpose
registers.

Examine and deposit the consnle Processor Status “ord

Start & console program at a specified lncetinn.

Proceed from the locatinn specified in the consnle PC
(R7).

Change the default Enot device.

Loau console RAM from the cdefault FEont device or the
KLINIK/APT line.

Set one non-deleting breakpnint.

Change USART line speeds fnr the hardcopy terminel and
thhe KLINIK/AET line.

NCTE: Those commends which reference memory are
restricted to Kernel Virtual addresses {-32K.

16.3.1.¢

The

"Loadable"TM Console Commends -

"loadeble" console will implement commands to rerform
the following functions:

l. bxemine and deposit console memory &nd cenerel puarrnse
registers,

Loaa, verify, start and run in programs the console.

Dump the contents of console memory onto the consnle
flopry. Dump file will be in binary format (.EIN).

Take e directory of the cnnsnle floppy contents.

Pelete or rename ¢ file nn the console florry.

bdit & commend file. For a descrigptinn of the editnr
functionality, see the section '"Consnle Editnr'.
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7.

1¢.

11.

Execute the contents of & conmand file from the consnle

flopiry as if the informetinn were being typed ot the CTY.

This is similer tn & Eatch contrnl file nn TCPFE-27.,

Enable enc disable eclioing during executinon of commend

files.

Perform a hardware reset non the entivre 2¢¢2 system onr on

selective sections of it, the TTL Bus, NMECX, etc.

Examine and degponsit I1/0 Fort nicroconce.

Load and verify Port microcode from the coneonle florpy »r

the KLINIK/AFT line.

Examine end depnsit 2¢E0 MCS menory, uasing rphysical

aduressing.

Exemine and deposit Z€80 CFU accunulators (ell AC

blocks).

Read and Write 208¢ CPU internel registers,

Examine anc deposit 2¢20 CPU microcode contrnl ER2Ms and

lonkugp EAMS.

Load &and verify 2{3¢ CPU microcnde from the cnonsnle

floppy or the KLINIK/ZFT line.

Exanine and deposit Next oné Previnus 1locetions, on

commancés where aprlicable (console memory, FHCE menmory,

I,C Port microcode).

Hepeat commeénc.

Pertorm clock contrnl commnends -~ Lurst, cycle, clock

start, clock stop, select clock rates end margin the

clocks.

Ssingle Step the 2€€L CPU micromechine,

breekpoint the micromachine (1f the feature is

iriplemented in the hercdwere).

Load &nd stert the system or ciagnostic "pre-EBoot"

rrograms from the consnle floppy or the KLINIK/AFT line

into 2£8¢ memory.

Load the system. This inclucdes all microcode.

oot the system. 1his includes lnading ell microcade é&nd
performing a cold start, warm start, or soft stert, es

sprecified by the commeénc.
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-®
~
)

[

Zero p0OS memory, elther by direct depnsit 1into the

memory, or by the qguiet executinon of the appropriate 2000

instruction.

Cefine & logical cemmenc. This will ke used for the

situation where & secuence of console couneands is used

frequently. 1This comméand will allow the user tn specify

a sequence of comménds which can ke exccuted by typing

the logical commena neme as e commend oY as the e&argument

top & "REFEALT" coumend. There will be either 4 or ©

logical commands which can ke cefined. The user will

also be able to define a sequence tn be executed uran

hitting specifiea terminal keys,

Set parameters to be usec by the consele for input/outyput

to the four asynchronous lines nr as defaults in certain

situations. Some of these peremeters will be meintecined

in non-voletile ERAM and thevefore will remcin in effect

untill chengec by enother commend. (Sce the section

'Non-voletile kiMoo Contents! for a conplete list.) Sone

currently envisioned pevameters are:

1. Terininel charactueristice:

(¢) Page length

(b) Line width

(¢) Terminel tyre

(d) Line speed

() Tabs

(£) XON/XCEE enatclea

2. Confirmetion (if wynu would 1like "fetal teo 2¢0C
program" commands confirmed)

3. Auto boot device (which device should be used in

stert and restert situations)

e . DSuUppress leocing zeroes (Softwave jpeonple prefer

leading zernes we stL*oesed. Herdware end service

teople prefer full printout. This option will ke in

cffect only tor resgponses to consonle commende.

Console-based ciegnostice will ignore this gpereweter

for error printouts ).

5. Autn Eeload. Wwhen this pavameter is set, the cn nqo]e

will attempt to autometically bont ond start the 2060

after Keep-Alive feilure.

6. KLINIK password

7. Letault loac cevice. 1his will be used tn specify

that either the consnle flopry or the KLINIK/ZFT Jine

be used by the consonle Curing normel operation, Enr
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16.3.1.¢

The

example, it specifics the l1loed device to be used when

a program vunning in the 2¢8¢ recuests & read or

write of the default load device. Nnte that this may
be different from the 2uto-koot lnad cevice oand is

not meintained in non-voletile nemory.

Selt voltage mergins,

Get informatinn akout verious paranecters snd stetus.

Enter Lhe console (CT raockage, (see sectinn 'Consale

CCT' for details.)

Terminate a KLINIK access.

Use the hardcopy terminal as a line printer.

RSP Comniénus -

RSF will inplement commends to perform the following

functions:

1.

o

P
y
l

Entcr "System Pode". This will be use mostly in

conjunction with the Control-Eeckslesh to facilitate

traensferring between "System Mode" and "Consonle bdode",

4
\S

Change the escare character used to transfer from "System-

Foce" to "Consonle podGe". The Cdefaenlt s Cnntrol

tackslesthi,

telect nne nr koth of the consnle terminegle tn e the CTY
tor operating system cnmmunicetinns,

Shutdsown the 2¢80 Program. This comniand +111 do the

equivelent of whet is done for the ESIC Shutdnown conmend,

namely degnsit a2 =1 into memnry lncation 20,

(ontinue the 2(0C¢ progrem,

Halt the 282( CPU. TM

Ctert the 2080 a«t a specified address. This will slways
be an LXEC mode start with no RESE1 done.

Resync the RSP with the 2080 gprogram. This will
re—establish communication and Keep-alive.

bxecute a specified 2¢80 instructinn in the 2000 CFPU.
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18. Single instruct the 20280 CPU.

1l1. All commaends supported at the "loadable" consnle command
level will also be aveilable at Rep command level,
Commeands which cause the PSE to be overwritten, such &s
RUN and LOALC CCNSOLE, will recuire confirmatinn,

16.3.1.16 Console Memory Parity Errors -

The console will attempt to recover fronm parity errnors in
its RAM space, The consnle RAM cnde will be divided intn 255
word segments. For each segment, the “"hard-cnre" console will
keep the total XOR of all locatinns within that segment. It will
elso keep a mep of which segments contain instructinns and which
contein date buffers. It there is a RAM parity error, the
acdress of the faulty word is latched in a special hardware
register and & hardware trap to a "bard-core" cnnsnle recovery
routine occurs. 1lhe routine turns off all interrupts,

It the error occurred within & data segment, recovery is not
Lossible. The “herd-core" consnle types an error message on the
C1Y and in the panel display and logs the crrvor information in
the non-volatile RAM. It then does a consnle jinit and restarts
the "loadable" console. 

'

If the error occurred in an instruction segment, the
recovery routine computes the total XOR of all locations within
that segrient and compares the result to the "kert" XOR wvelue.
This comparison will identify the bad bit. The contents of the
latched address is read, the bed bit |is complemented, éend the
result is written back to the address. The contents are read
back to insure that the Lit got corrected, If the error is
non-recoverable and the Consnle Lock switch is nnt enebled, the
console goes to prompt level ('"RCM>'") &and waits for input. If
the Console Lock switch is enabled, terminal input is ignored.If the operating system was running at the time of ervror, it will
time~out the console keep~alive and poke its electronic finger at
tiic console. This will cause the console ton rebnot and resyncwith the opereting system. The loyged error informetion will
then be passed to the operating system for SPEAR repnrting,

During this recovery period all communicatinn, including
keep~-alive, with the 2¢8p program is suspenced. Thus the
keevp~alive period must be defined to be at least twice the
€Xpected recovery time.
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16.3.1.11 Console Hardcore lest -

when the console is powered up or the 'System Start' switch

is depressed, a console hardcore test is performed. Testing

includes a basic PDP-11 instruction test, a checksum of the ROM

code, a complete console RAM test, a UART loop-bkack test and a

DMA controller lonop-back test. As it progresses through this

test sequence, 1t prints an incremental message in the consnle

alphanumeric display, on the console hardcoypy and video

terminals, and over the KLINIK/APT line. Shonuld the connsole fail

anywhere in its self-test, the displayed code will indicete

exactly how far along in the secuence it got. This

corresgpondence will be documented and available to the user,

This techniqgue will &aid the wuser in distinguishing between

hardcore console failures and failures in the consnle terminal in

the case where nothing gets typed on the terminal after power-up.

If pnssible, the program will enter an error loop. To escape the

loop and enter "hard-core" console CDT level, the user must type

a Control-C,

For complete details see the "2¢8¢ System Console PRCM

Program®" functional specification by Tony Eerardi.

16.3.1.12 Terminal Handler And Command Parser -

The console terminal handler and command parser will be

implemented 1in the “loadable" console. It will contain the

following features:

1. The fields of a command can be given 1in abbreviated,

recognition, or full input mode. Recognitinn is the

completion of a pertially typed field when the user types

an ESCAPE.

2. Input can be edited using a CELETE, Control-U, Control-w,

and Control-R.

~ Typing a DELETE will delete the last charecter in the

current commend line. This may be either the last

character tygped by the user or the last character

rrinted by the parser in response to an ESCAPE. On a

hardcopy terminal the deleted <character(s) will be

printed enclosed by EACKSLASHs. On e viden terminal

the cursor is backed-up to the deleted character's

position and the character is blanked. For a TAB,

the cursor 1s backed-up tn the first position

following the previous character and the rest of the

line is blanked.

- Typing a Control-U will delete the entire commend

line back to the prompt. On a hardcopy terminal a

space fnllowed by XXX is printed on the current
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comniand line. Then & CER-LF end & new prompt is

rrintec. Cn a video terminal the cursor is uoved

back to the first position z2fter the prompt and the

current commaondc line 1s hléenkec.,

~ 1yping & (ontrol-h deletes the last field in the

current commnanc line. On & herdcory terminel an

UNCERECCRE 1s gprinted. Cn ¢ wvicen termine] the

cursor 1s moved beck to thic first position of the

ueleted [i1led and the field is klanked

- Tyring a Control-R retypes the current conmmand line.

Cn ¢ hardcopy terminel the conmmeand lirf is retyped on

the next line. Cn & viden termingl the command line

1s retyped on the same line,

3. Certain fields of certein connmende con be Cefeulted if eon

ESCAFE 1s tyged &t the beginning of the lield nr if the

field 1s omitted entirely. (see cdeteils of the LXAMTNE

commend in Pppendix E.)

4. A nelyp message 1s printed 1f e question mark (?) i< typed

at the beginning of any field.

5. dhc¢ correct portion of the last cowmend line (i.c¢., ap to

the point where an error was detectzd) will he retyped if

thie next connend line begins with & Control-ti. The user

can continue typing from thet point.

Ao Comients mey be appeer on a command line., In exclemetinng

werk (1) or a semi-conlon (;) signals the heginnina of &

comment [iela, 211 input frowm that point until tre end

of the line is considered & comrent and is not parsed.

7. 4 minus sign (=) can be typed preceding an number fielc

to 1nput & negetive numbker., itfl tno's comtlement of the

nuimker will ke generetec c¢s pregram inpat,

e OLpaCes and labs are field delimiters &nd ¢s such »2re

thirown away during persing.

9. FParsing 1s not done until en break clevacter ie tyj.ed

cithier & Ck, an ESC2PEE, or ¢ 272.

1. Wo ¢xecutinn 1s performed nn the comréanag mtil the Ol 1s

tyred,

bhere cppliceble,

renge of vealues,

(:). For exanmiple,

vwith

EXAlF INE

the

10

numeric arguments can be tyyed s ¢

vaelues scperated by & cnlon

CeelrreT.,
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12. mMmultiple argunents of the same class can be typed on the

same comnand line sepavated by comnnes. Eor exemple,

DELETE foo,dum,didcle,

13. 2 parse EMT is provided for user programs wishing to

receive &nd parse input. Unlike the CCMND JSYS, e single

EM1 call parses the entire command line. Since the

parser is teble driven, this recuires the user to provide

conmplete parsing tables for all implemented commencds.

Programs running as a third (nr higher) 1level of console

software can implement their own set of commends plus retein

those of lower levels. This is done by passing paremeters tno the
parser telling it to use multiple levels of parsing taebles.

16.3.1.13 Console CDT -

70 facilitate the debugging of c¢onsole~-based (rrograms, an

octal LCebugging ‘Technicue (CDT) jrackage will ke provided. It

will reside in the "lnadable" consnle and as such will nnt heove

to be loaded with or linked to user programs. The functionality

is based on the K1-11 ODT package. Some of the features are:

1. Print the contents of zny 1location for exemination or

alteration. 1his includes the genersl purpnse registers

and the right half of the processor status worvd.

2. Data printouts are user controlled. Addresses can be

either absolute or relative to a relocation register.
The contents of words are printable in ktase 2, &, nr 10.

The contents of a 1location opened in byte node are

printeble as ascil or octel.

3. ‘'the movement between locatinns is acconplished with the
fonllowing commends:

(a) <cr> - close & location with or withonut modificatinn,

(L) <1lf> - same &s <cr>, and then oren next lnceticn,
(c) <°> - same as <cr>, end then open previous location.

(¢) <@> or tab - close the curvent locatinn, using 1its

contents as the adcdress of the next loceticn to open.

(e) <K/> - open the specified locatinn as a wordc.

(E) <\> - open the sprecified locatinn as a byte.

(4) < > =- open the specified locatinn as & 29 bit word.

4. KResume execution of the frogrem at s&ny point, after

exiting a breakpoint trep. This includes single step

mode of program execution and the alkility to byress =

breakpoint an arbitrery number of times before control is
returned to the user.
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5.

w
0

10.

16.3.1.14

rutomatic celculation of nffsets (for Eranch-type

instructions) will be groviaed.

Establish the priority level et which debug is to ofperate

while in command mode. if set at '4', for instance, the

real-time clock could continue tn operate without 1losing

time.

Typing & Control-C will exit the CDT package and return

thhe user to the jprevious commend level. ODT will be

re-enterable to allow debugging to continue.

The CDT persing will understand +, -, anc . (current

location) opercators.

Memory managenent support - to be supplied.

Eight non-deleting breakpoints.

Consnle Fditor -

A text eciting program will Lbe invoked from the console

flogpy when the user types ECIT. The ecditor to bhe used is

EDIT/S0S.

16.3.1.15 Power Contrnl And Environmental pMonitoring -

In the 2€8¢ system, the consnle has the capebility to

monitor environmental «c¢onditions and contrnl system pnwer. The

console can reed the status of:

1. each of the system's thermal sensors - normel or over

temperature

2. the voltage level from each nof the power supply's modules

~ nornel, over tolerance or under tolerance

3. bettery backup ~ velid or not

4., the 2C and IDC low signels - true or false

5. the ground fault detector - current {lowing or not

There are five environmental conditions which reciaire

inmediate cnnsnle actionn:
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FUNCTICNAL DEFINITION

l. Over temperature. OCne or more thermal sensnors detects &

temperature rise above accepteble limits.

2., Voltage over tolerance. Circuitry in the jpower supply

aetects that the vonltage from one or nnre power supply

modules is above the acceptable threshnld.

3. Voltage under tolerance. Circuitry in the rpower supply
detects that the voltage from one or more power supply

modules is below the acceptaeble thresholc.

4. AC low. Circuitry in the pnwer supgply detects that the

AC voltage 1into the system 1is below the acceptable

threshold.

5. Ground fault. Circuitry in the power supply detects thet

current is flowing in system ground.

All of the above conditions will procuce a Level 5 interrupt

to the consonle. The "loadable" console will field the intervupt

and determine which condition caused it.

If the interrupt was caused by AC 1low, the connsonle will

store the Time-of-Century and environmental status. 2n interrupt

to the 20€0 CPU will also occur so thet the orerating system (if

running) can shutdown before power is lost.

If the interrupt was caused by an over temrerature condition

or a ground fault, the console will print a warning message on

the CTY and in the console display. If e 2£8C pgprogream is

running, the FESF will generate an interrupt to the 2£8¢ CPU and

pass the warning information tn the 2€8C prongram.

If the interrupt was caused Lty a vnltage over or under

tolerence, the console will print a warning messaage on the C1Y

and in the console display and will turn off ECL power to the

system., If & 2C8€ progrem is running, the ESF will generate an

interrupt to the 2¢8C CPU and pass an ZECRT comméné to the 2080

program.

There will be "loezdable" console commands to turn ECL power

on and off., However, these comniands will not be executeble from

the KLINIK line.
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16.2.1.16 nNon-voletile RAM Contents -

The 28586 words of non-voletile EAM vwill e

S-JuL-°%

Page 165-25

used tn store

information which nust be maintained over powered down fperinds,

This intformation currently includes:

1. The time-of-century of last power down.

lines,

3. 7The baud reates for 7 of the 8 consnle

excluding the video terminal line.

4, The KLINIK peasswora.

5. 1The environmentel conditions before power

oY whenever an abnormal gnvironmental

detected.

1. The names &nd versions nf CPU microcod

on autolonead.

2. 1Tne terminel characteristics for the consnle terminal

USART 1lines,

down (£C 1low)

cnnditinon 1is

. OSystem conflguration informetion. 1his includes:

€ tn be loacded

2. which type of microcode to load into each I/0 Pport.

3. Which 2680 pre-boot progrem is to bke lneded during

auto reload - systen or diegnostic preboot or none,

4. The prongram neme to be ressed to the Enot progrem,

This will bLe @ limited charecter, complete filesgec

which 1is settabkle by ceciamand or by the

itself.

Eont program

5. Z2LEC memory confiquration, including Cecte.

7. Default paremeters, such as:

1. the autobonot load cevice.

2. the putoreload flag.

8. Error loggyging information.
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FUNCTICNAL DEFINITICHN

16.2.1.17 Consnle EFloppy Control -

In order to increase the perceived reliability of the

consnle floppy disk, it will not ke made available to timesharing

users. Instead, it will be powered down by the console software

whenever the floppy is idle for 5 minutes. This should increase

thhe mean time between failure nf the floppy drive.

16.3.1.1& &Start/Restart Procedures -

There are four ways that the consnle can be started:

1. Power-up, This c¢an be a c¢old start 1initieted by

cepressing the consonle panel ©power on switck »or e

power-fail restart,

2. LDepressing the console panel "Consonle Start" switch.

3. Depressing the console panel "System Start" switch.

4, The 2¢8¢ CPU asserting its electronic finger to the
console,

These stimuli, together with the perameters stored in the

non-voleatile memory, determine the exact start or restert

sequence to be performed.

16.3.1.18.1 Cold Start Cr Power-fail RKestert -

The "hard-core" consonle is powered ug.

The "hard-core" console performs its haerdcore test. If &n

error is detected, the power-on and bootstrapping procedures

will be aborted. 1o successfully gpower-up the user must

reralr or replace the consnle module,

The "hard-core" console prints its name and versinn.

The "hard-core" consnle checks non-volatile memory for the

default boot 1load device, This may be either the consnle

floppy or the KLINIK/AET line.

If the "hard-core" consnle cannot &access the specified 1nad

device, the automatic boot process is eborted. The connsnle

prints an error message on hardcoypy. It then prints 1its

rrompt and waits for a command.
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6.

9.

lu.

11.

13.

1f the "hard-core" console is successful 1in accessing the

boot load device, it begins bnotstraprping itself by

transferring the "loadable" consnle from the device intn its

RaM.

The "hard-core" console transfers control tn the "lonadable"

consonle, passing it perameters relating to the bonot frocess.

The "loadeble" console prints its name and version,

The "loadable" console then checks environmental conditions.

1f not CK, & nrmessage will be rrinted on herdcopry. The

power-on and bootstrapping procedures will be ebortecd and the

prompt "CON>' will be typed.

If environmental concitions asre CK, & message to that cffect

will be displayed 1in the console cdispley. The "loacable"

console turns power on to the rest of the 2(8f system vie the

power controller then executes ¢ 2£8¢ CPU init.

The "lnadable" console reads the status onof battery hackug.

If backug 1is velid, then the consnle will print a message

telling the user that it is beginning & power-fail restart,

Otherwise, it prints & message telling the user that it is

starting the Autometic FEoot process, In either ca<se &

Control-C will abort the process. 1If aborted, the "lnadeable"

console prints its rrompt andéd waits for a commanc.

If the console is performing a cnld stert, then it checks =&

parameter in non~volatile memory which specifies whether the

208( operating system, the 208f Diagnostic Monitor or neither

of the two 1is supposed tno be booted. If neithker, then the

"loadable" consnle prints its prompt and waits for a commend.

The "loauable" console next reads the I/C PFPnrt microcodes

from the cnnsole boont lonad device and lonads the Fnrte vie the
diagnostic scan path. Wwhich type of nicrocode tn 1loed into

each Port is determined by the configuration informatinn in

the non-volatile RAM. If én error is detected it will be

reported on both console terminals and the "lnadeble" console

will go to prompt level.

If the console is to koot the operating system or the 208°C

Diagnostic Monitor or if it 1is vperforming & power-foil

restart, it loads the RSP program from the boot load device.

It then loads in all CPU microcodes &nd lookup EANM date from

the boot load cevice. Eefore the rniicroncode and céte eve

loaded, an address test of the RAMs being lneded 1is
performed. The loading process includes typing the version

nuiber of eech microcode as it is lnaded and aleso verifying

each location as it is loaded. If an error is dJdetected it

will be regortec on both console terminals and the "loedable"

consnle will go to prompt level.
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14.

16.

17.

18.

If the console is to boot the operating system or the 2¢80

Diagnostic Monitor, it zeros &ll of 298¢ memory and performs

& double-bit error scan., The resulting map is later passed

to the pre-Boont program for use by the Eoot program.

If a power-fail restart is being done, the "loadeble" consnle

turns control over to the RSP which rprints it name and

version and restarts the 208¢ program at physical locatinn

76¢. The RSP then switches to "System Mode". It enters a

timing loop waiting for the operating system keeg-alive to

become active. If keep-elive does nnt become active in 15

seconds, an error message 1is printed on the consnle

terminals. If the Auto-reload parameter is set, a cnld start

is initiateqd.

If a cola start is being dnne, the "lnadable" consnle loads a

console~based diagnostic which tests the 20808 CPU error

detection logic. If an fault is detected, an error message

is jprinted and the boont process is aborted. The "loadable"

consnle types it prompt, 'CON>'.

If the diagnostic passes, the "loadable" consnle reads in the

appropriate pre~boot program, either for the operating system

or the 2(8¢ Ciagnostic Monitonr, from the bnot load device.

The "loadable" console passes control to the Run-time Suppnrt

Program which frints 1its name and version. The RSP starts

the pre-koot program and switches to "System Mode". It

enters a timing 1loop waiting for the ofperating system

keep~ealive to become active. 1If keep-&live does not Lkecome

active 1in 15 seconds, an error message is printed on the

console terminals. The RSP types 1its prompt and enters

"Console pMocde",

16.3.1.18.2 Console &ttart Switch -

goes

When the "Console Start" switch is depressed, the console

directly to the PRCHM commencd level, RCOM>. VNo testing or

bootstrapping is done.

16.3.1.18.23 ©System Start Switch -

When the "System Start" switch 1is depressed, the consnle

vectors to the FROM start cocde and performs the ecuivelent of e

cold start of the operating system.
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16.3.1.1t.4 Electronic Fingcer -

When the Z02¢ CPU esserts its electronic finger, the cnnenle

vectors to the PRCm stort coce. It proceecds tno run the herdcore

test, boot the "loaceble" console snd the ESP, &and cttempts to

resync itself with the 2030 progrem.

16.3.1.1€.5 208C Proygran Keep-alive Feilure -

If e progran running in the 208¢ fails tn mnaintain its

keep-clive counter, the console will repnrt the failure nn the

CiY. A non-interfering haraware snapshot is taken and stored.

It will thoen check the PAateo-reload pavemeter in non-voleotile

Lenory. 1f not set, the console will simply wait at RSP prompt

level. It Auto-rcloau is set, the consnle will initiate a systen

restart procedure. 1t executes lncatinn 71 in EXEC mnde and

walts f[or an ccknowledgement that the 2080 is alive., T1f no

cCknowledgernent comes, first & system reset is , then the

chbpropriate jpre-boot progrew is loaded &nd sterted in 2077

melinr'ye.

16.3.1.18.6 nNon-Autonetic Start -

On applying power to the consnle, &autometic bootstrepring will

not be jperformec if a contrel-C is typed or if the 2uto-relned

parameter is not set in the non-voléatile nemory. It these

instances, the power—up prncess stops at "herd-core" promrt level

("KCri>'). A system koot can then be performed bty first typing e

'Loagu' command, which will ceuse only the "loedeble" consnle to

be loaued. When the loac 1is complete, the operator will Le

talking to the "resident" consnle commend perser. Fe may then

type & 'Eoot Etystem' cecmmend to boot the system,
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16.3.1.19.1 KLINIK Access -

hccess to the 2080 system over the KLINIK line is cnntrolled

by the key switch on the console panel and the KLIMNIK passwnrd,

With the key switch in the KLINIK User or KLINIK C1TY gositions, a

remote user is allowed access to the system with the capabilities

descrived below. With the key switch in any other pnsitinn, no

reniote access 1is allowved, Once & user is allowed access, the

state of the key switch is polled. If a KLINIK CTY access is in

progress and the switch is moved to the KLINIK User position, nn

status changye 1s made. However, if the switch is wmoved to the

POWEL LNALLE or DISAELE tositinons, the KLINIK connection is

broken (line hung up). The same will happen to a KLINIK User

access, There will also be & commend to the "loadaeble" consnle

to terminate a KLINIK access.

~ The CCNSCLE LOCK switch will not affect the functionality of

Control-Racksléesh when typed on the KLINIK line.

When LCata Set Feady (DSE) and carrier are detected on the

KLINIK 1line and remote eccess is allnwed, the user will be asked

for the KLINIK password with the prompt 'password:'. If he types

the incorrect password, the message '7FInvelid’ is typed ond &

reprompt is given. ‘lThe user is given three tries tn provide the

correct password. After the third incorrect try, the line is

hiung ugp.

The password is set using the 'Set KLINIK Passwonrcd' consnle
command &and is stored in the non-volétile memory. It recy be up

to six alphanumeric characters.,

A person using the KLINIK line can be in any o»one of threce

modes, depending on the panel switch settingse and previnus

actions. ZAppendix [ contains diagrams 1llustreting the three

niondes described below.

KLINIK Console Mode - All KLINIK input is CF'ed with CTY ingput

and processed by the console software as CTY input. Catput

to the CTY is also sent nver the KLINIK line,

KLINIK System Mode - All KLINIK input is CR'ed with the CTY ingput
and sent to the 2€80 program vie the lerminal Input wnrd for
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the C1Y. Cutput fron the 208¢ progrem vie the CTY Terminel

Output korc is sent to both the C1Y anc the KLINIV line.

KLINIK User Mode — 211 KLINIK input is sent to the Z€7( proaram

via the KLINIK Input wkord in the reserved communicetion rage

in 2680 memory. All 2¢2( program output to the KLINIK line

is sent via the KLIMIK Cutput Borcd in the communicatinn pace.
The ZE3¢ program can reguest heng-ap of the FKLINIK line ¢t

any time by scnding the cppropriete code in the KLINIK Mitpat

Worag. If KLINIK connection 1is broken (see hkelnv Mndem

Contrnl for details), the 2080 progrem is notified vie the

KLINIK Input hord,

16.3.1.1¢.4 KLINIK Situatinns -

The followiny list <cdescribed the gpossible <ituations in

which the user coulc ettempt to geain remote access &éncd the

resulting actions by the consnle softuvare.

Key switch in & positinn other then KLINIF Usev or KLINIFK

cly.

Situation - State of 2u&y software is & "oon't cere”. User

is not allowed access.

Action - No péssviora prompting is uone. 1Instead, the ressage

"KLINIK access c¢ttempted - switch disabled" is returned

over the KLINIK line and al<n typed on the CTY. This

informs the user thet his KLINIK connection i< nkoy hut

the khey switch is nnt p»sitioned correctly. It elso

signals the 1local operetor that ¢ remote access vas

attempted. The nrerator cen then turn the key switch to

one of the enable pnsitione 1f KLINIK access wés

scheduled tn bec allowed. I1f the switch i< enabled, then

the user will be grouptec for pessword end nne of the

scenérins described belnw will nccur,

Key switch is in the KLIKIK Uscr pnsitinn:

Situation - No progrem is running in 2007 CFU end the consnle

is in "Consnle" niode,

Action - ffter pessword vevification, the message "DFCEycstem

ot running® is returned. Any input received from the

user is thrown avey until somenne &t the CTY sterts a

proaren running in the 2¢g¢. Pthen the 2020 program-REP

conmunication is esteblished, the 20&(¢ LYoarer 1<

notifiea thet the KLINIK Jine i€ active. The user is

then 1n KLINIK User pode. £ messeyge thet ¢ FLINIK User

access was mede is typed on the hardcorpy ternminal.

Situation - A progrem is running in 2007 CEU 2nd the cnnsnle

is in "Consnle" nr "Systen" mode.
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Action - After passworc verification, the 2(20 yprogram |is

notified thet the KLINIK 1line 1is ective and the user

enters KLINIK User PFode. A message that @ KLINIK User

access was made 1is typed on the hardcopy terminel.,

Key switch is in the KLINIK CTY positinn,

Situatinon ~ No program is running in the 208¢C CPU and the

console is in “Consnle" mode.

Action - After password verification, the user enters KLINIK

Console Mode. A program Control-C is executed to abort

any "Consolce" mode activity which mey be in rprogress.

The following messaye is typed on the CTY and sent to the

KLINIK line:

[KLINIK activeted - Consnle MNode]

[To continue aborted activity, type CCONTINUE]

'prompt'>

the 'promgpt' will be based on which censnle level the CTY

was 1in when the KLINIK user dialed in.

Situation - A progrem is ruaning in the 20£8¢C CFU &nd the

console is in "ConsoleTM mode.

Action - After passwonrd verificatinn, the user is pleced inte

KLINIK User PMode. By typing & Control-\, the user can

enter KLINIK Cnnsole Fode. P2t thet time the seme actinn

is teken &s described in the previous situation,

Situatinn - A programn is running in the 2080 Cru en¢ the

console is in "CSystem" mode.

Action - After passwnrd verificatinn, the user is placed intn

KLINIK User Mode. Fy tyiiing a Control-\, the user can

enter KLINIK System Mode., At thaet time the fonllowing

nessagye is typed on the CTY and sent tn the KLINIK line:

[KLINIK activeted - Systew bodc]

Ey typing & Control-\ while in KLINIK System Iode,

the user can enter KLINIK Consnle Fnde. Phen in VYLINIW

Console Mode, if the user tyres a command, such as

'Continue', he will reenter KLINIK System MocCe.

16.3.1.1%.5 Mondem (Cnntrnl -

The console contronl of the KLINIK Modem will conform tn the

rending standard written by A. Kent (see Eiblincrephy). The

important aspects of that contrnl are:
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1. The KLINIK UAKRT will be progremmed tn produce even perity on

KLINIK duata.

The presence of Late Set LReauy (DEE) will indicate the

existence nof ¢ connection.

£ Corrier loss for morc than ?? seconds will cause & hengqup.

The absence of DSR for more than ?2? nilliscconde vwill c:ioase

& hangup.
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16.2.,1.2€0 20&EC bkrrors -

Certein herdware crror concitinns recuire the consnle to

intervene and provide feult isolatinn, foult deta cnllection and

retry. The clesses of errors and the actinns to be taken by the

consnle will be jrovided at a later cdete.



CCHMFANY CONL ICENTIAL -- Do nnt duplicste ¢-JuL-°cr
CUNSCLE SCEFTwW/AKE Page 1A-13%

CCIEATIEILITY

16.4 COUmEPATIEILITY

.

z L el. DBMocen control will conforwm to the standeard J ed 1n the
"Creretinnel hequirements for Zsynchronnus, Fuall Caplex,
Serial Termingls and Cystem Interfaces Cpevating as D7Es
Connected to EIA KS-222-c or CCIIT V.28 Point-to-pPnint DCEs"
Ly 6. Kent,

2. The crror nessages typed by the consnle software will confarm
to the CLCEC stancerd - % preceding ¢ warning, ? rreceding e
fatal nessage, and square brackets [] enclosing information.

16,5 EXTLRNAL INTEKACTICNS AND IMPACT

16.5.1 2080 systen User To Console Interfece

The user of the Z{2L system will comnunicite to the connsole
(end system) vie & set of Consnle comniends. 1he actiual command
list is loceted in Appendix F of this dJdocument. Fecix of
argunents tor console commands recuiring erguments will be either

octal or decimal wuepending »on context, os cdetailed in the
Appendix b coummena list,

Arguments to conrienus desling with 35-bit date peths will be
in 2 Cctal «aigits (or less), or in helf worcs, ezch helf word
naving 5 Cctal cdigits anc the half worcs sepavated by ¢ pair of
Coullies,

Cn type-oul leading zernes will nnt be suppressed (cefeult
case). dhere will be & commend tn set the suppressinn of leacding
ceroes for users who desire the feature, and for ninirizing the
chareacter treffic &nu character transleétion of zevoes for the 2PT
énG perheals FLINIK environments,

Frguments to comméands involving the depociting of rnicrecnde
will be in strings of octel cigits. ‘lthe number of nctel Gicits
requirec will cdejeny on the number of nicrococe Lbits. Leading
ceroes ey be left off for these comnmends. [ield brezk-cdown in
thic typeout of ricrococes will be left to the remnte hnst Frogremn
anu console utilities,

Cn tyie-in to the above commends, a "="(rinus) sign mey be
useG and the twon's complement of the nunber will be generated as
the argument to the comnmanc.
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16.5.2 28t Prograw 1o LSP Interfeace

khen & progrem is running in the 2¢8¢ CPU, the cnnsnle <écts

&S en intelligent subsystem controller with the fnllowing devices

anu pscuan~cevices attachec:

1. 1The KLINIK/ZPT line.

2. £ tlopry cisk drive,

3. &n environmental nonitor,

4. I pseudo-TTY.

5. & pseudo~Error device.

6. 1wo asynchronous terminel lines.

7. Cne esynchronous multi-gonint line connected tno CI nodes.

'‘he ESP buffers and controls communicetion ketwecn these

cevices and the 2(C8C progrem, The conmunicetinon sclheme is

similer to that used between the I1,/0 Ports ond the 2{¢0¢ CpU. Tt

involves a reserved coumunication area 1n 2¢00 remory and

donrbell interrupts. VWhen the 2¢8¢ progrem wishes tn send cate

to a console aevice, it puts that deta into the rescrved aree and

interrupts the console. The RSFE processes the interrupt end the

assncliated data. Wwhen deta from & device becomes evcileble, the

KSP puts it into the reserved area end interrupts the 20°0¢

proyrem, The formet of the reserved arec is defined in Zprencdix

A.

16.5.2.1 Generawl Characteristics -

Some of the features of the ESP=-2090 progren interfece are:

1. 1he LSFE shall exchenge KEEP ALIVE conunte with the 2000

Program. If the 20&¢ Prograem shnulcd not upcdete its KEFT
ALIVE counter for & perioc of 222 scconds, the nperating

system will be he&lted, and the instructinon in physical

location 227 will ke executec. The 272 Program vill

then be continued.

2. ‘1he KEP itselt shall ke reloecceckle by the 2000 Procram.

In the case where the consnle has not updetec its lkeer

alive count for & ferionc of 272 seconas, the 2rop

program will first recuest & vrelnad usinag the 2p8r

program-RSFE grolncnl., If the KSFE dones 1ot resumwc its

keer-alive after a specified tirie (tn be cetermined

later), the 2¢8€ program will then 1initiate e cnnsnle

reload directly by asscrting the consnle relncd signal
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vie the I/0 LEox,. This will vector <directly tn the

R .

"hardg~core" consnle which will initicete cnnsnle bont
procedure,

The RSP shall issue ¢ warning and recuire confirmetion of
eény console commanc that woulc abort or crash ¢ running

2eCli Program,

ine Console will buffer input f{rom cny of thec consnle
input devices up to 120 characters, In "Cyetem Mnde",
When all ClY input is meant fnr the 262 program, the

Console will not echo characters as they are jnpat., Tt

will be the responsibility of the running 2020¢ program to
ectin typein. The 20&8¢ progren will heave the ebility to
reqguest the flushing of the consnle input or output

buffers. Also, the FSF will handle XOM/XCEF from the
consnle cevices,

The 20¢H Program shall be able to execute just about any
consnle commend by sendiny 2SCII strings rejresenting the

coimmeands to the KSFEF pseudn-TTY cdevice,

Tiie 208 progran cen request thet the FRESF slceep. This
means that the kIF will meke nn references to 20°C memnry

until the 2060 progrew interrupts it, This will cause

suspension of keep-e¢live. 1his functionelity is needed

for the instances when the 2080 program wishes tn change

the reserved commwvnication areea. Tt must, of course,

notify the FEP of the new loncetion before puttine it tno

Slceg.
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16.5.2.2 268 Progran~RSP Communicetion -

Note: Kefer to Appencix 2 for uncderstending of terms used
in the followiny scctions,

The generel Lrocedure for 280 program initieted

conmnunicatinn is:

1. The 208¢ progran checks the 208(C progrem Contrnl Wword,

If <clear, the ESP is recady to accept enother interrupt.

I£f not, wait.

The 268C¢ program writes the infnrmetionn tn Le sent in the
appropriete Cutput horc.

The 2686 program writes the corresgonding Tnterrupt Code

in the Control kord end interrupts the ECP.

Tne LSP reaeds the Intcecrrupt Cnde from the 207" progrem

Control +tord and clears it. This signels the 2000

program that it is recdy to eccept ennther interrupt.

Eased on the Interrupt C(nde, tle PEP reads the

approgriate Catput vord ond performs the specified

function, If nn 'Done' interruypt is recanired, the

comrmunication is finished. Else, conntinue.

The KSI reads the FESP Status vora. If not clear, weit

for it to «clear. If cleer, the FSP writes the Cevice
Numker, sets the L[one Lit, ang interrupts the 2080

The 20&C program reads the KSE Stetus V¥ord and cleers it.

The ZLEC program processes the 'Cone' interrupt,

The general procedure for kSF initieted coumunicetion is:

1.

2.

1he LEP reads the RSF Stetus vord., If clear, continue.
If not cleer, walt for it tn clecr.

Tne KSFE writes the @appropriete Input Ynrd with the
infornation to be sent.

1he KSP writes the correspnanding Tevice Ninber nY

Interrurt Code in the KEP Status word and intevrupte the

2080 progran,

The 208€ progrem reads the ESE Status wnrc,

Lased on the Levice Namber nr Intervrart Cnde, the D0oor

Lrogram resds the eppropriate Input word end clears it,
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0. lhe 266U progrem clears the RSP Status tnrd to signel the
REP that 1t is ready to accept annther interrupt,
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16.5.2.2.1

l.

16.5.2.2.2

l.

Terminal Input/Output -

2086 progrem interrupts the ESP to output either one

ASCII <character or a string of ASCII chearacters packed &

to a word left-justified. A 'Done' interrupt is returned

by the RSP when the character(s) have been conpied into

the console's 1/0 buffers,

When the KSP receives a character from the terminal UART,
it checks that the corresponding Terminal Input ¥ord is

cleared. 1If it is, then the FRSF stores the wonrd eand

interrugpts the 2080 progrem to input the 2SCII charecter.

There 1is no 'Done' interrugt vreturned by the 2ro¢p

program, Instead, the 2¢80 prongram clears the Terminal

Input Wword, 1indicating that it has processed the

character and 1is ready tn receive enother. If the

Terminal Input word is not clecared, the RSP will buffer

Up to 128 input characters.

The RSP will repnrt UART perity, framing or overrun

errors through the corresponding Terminal Input kord.

when the RSP Input Euffer overflows, the overflow

charecter will be written into the last ponsition in the

buffer, thus overwriting the yprevious last chavacter.

This overwriting will c¢ontinue until the 208C progrem

resumes accepting characters. The 2€8¢ progrem will be

notified of the overflow when the character from the

overwritten buffer position is sent tn it.

The 2080 program can request that e 'bkreak' be executed

by the RSP on the specified terminal line.

KLINIK/2PT Line Input/Output -

2080 program interrupts the RSP tn output either one

ASCII cheracter or a string of ASCII characters pecked &

to a word left-justified. 2 'Done' interrupt is returned

by the KSP when the cheracter(s) have been copied intn

the consonle's I/0 buffers.

.hen the KSP receives & character from the KLINTK/APT
UART, it <checks that the KLINIK/PAFT Ingut Vord is

cleared. 1f it is, then the ESP interrupts the 2rgr

brogram to input the ASCII charaecter. There is no 'Done!

interrupt returned by the 2C€€ progran. Instead, the

2¢80 program clears the KLINIK/APT Input Word, indiceting

that it has fprocessed the character and 1is ready tn

receive another.
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The RSF will report UART rparity, freming or overrun

errors through the corresponding KLINIK/APT Input Vvord.

The KSF will notify the 208¢ program of carrier detect or

carrier lost concditinns on the KLINIK/ZPT line.

when the KSP Input Euffer overflows, the nverflow

character will be written into the last ponsition in the

buffer, thus overwriting the fprevious last charecter.

This overwriting will continue until the 2¢8¢ progrem

resunes accepting characters. The 2¢3¢ gprogrem will be
notified of the overflow when the character from the

overwritten butfer positinn is sent to it.

The 208¢ prograem can reqguest that a 'bkresk' be executed

by the KSP on the KLINIK/Z2PT line.

The 2£80 program can reqguest a 'hang-ugp’ of the
KLINIK/APT line,

1he RSE will notify the 20£(¢ program when the KLIMIF line

is activated or deactivatecd.

The console code will handle ©rproprer <connect/disconnect

proceuures accorging to the availeble U.S./Furorean

specificetions,

Pseudo~-TTY Ingut/Cutput -

2080 progrem interrupts the KSP tn output either one
ASCI1 cheracter or & string of ASCII characters pachked §

to a word left-justified. 2 'Done' interrugt is returned

by the FSP when the character(s) lLave been copied into

tne console's 1,0 buffers,

1he KSF responds to the Pseuco-TTY commends one character

at e time, It first chocks that the Fseucn-TTY Input

Wworc is cleared. If it is, then the REP Interrupts the

208 program to input the ASCII character. There is nn

'Cone' interrupt returned by the 202(¢ program. Instead,

thie 2080 vyprogram clears the Pseudn-T1Y Ingut ¥nrd,

indicating that it has processed the cheracter &nc 1is

reaay to receive another,

The KSP sends c¢rror-logging informetinn to the 7

program either one cherecter at a time or in 2 string o»f

BRSCII characters packed & to a word left-justified.
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Consonle Loaa Device Input/Output -

NOTE: Console load device files will be in 0SS format.

l.

16.5.2.2.5

1.

2.

The 2080 program can reguest the opening of a specified
"filnam.ext' for either reading or writing.

The 2080 proygram interrugts the S with dJdata to be
written onto the Consnle loed cdevice. The request can be

either (1) to write a previously ofpened file or (2) to

write a specified number of words starting et a specified

block. The data cean be & single ASCII character, a

string of ASCII characters packec 5 to & word

left-justified, or 'Packed 11 mode' (deta is packed with

16 bits right adjusted in the right and left halfwords).
The 2¢€8¢ program also specifies the type of Dnne

interrupt it wants returned by the RESP. This is done

using the "Last Transfer EBit". To increase sreed, with

the "Last Transfer Eit" zero, the RSP will interrupt es
snon as it has cnpied the data to be written intn its

output buffer. Wwith the "Last 1ransfer Fit" one, the PSP

will wait until the data hes been written (successfully

or not) before returning & Done interrupt. This mode

would be necessary when writing the last block of & file.

The 2¢8¢ program interrupts the EKSP with a reguest to
read data from the Floppy disk. The recuest can be

either (1) to read & previnusly opened file or (2) to

read « specified number of words starting at & specified

block. 1In both cases the 2080 program mnust sgecify the

starting address in 2020 memory where the data is to be

stored by the kSP. The REF interrupts the 2€08¢ program

with the requested data in one of two formats - & single

ASCII charecter at a time or 'Packed 11 moce' (Cate is

racked with 16 bits right adjusted in the right and left

hal fwnrds) - derending on the whet the 278 progréem

reguested, The 2¢08¢ program can also specify that the

read be done from the default consnle load device, which

night not be the floppy.

Status -~

The 2086 program notifies the RSP when its 'keep-alive!'
becnies active or inactive.

The 2¢8¢ program can reguest that the REP reload the

operating system.

The 2080 program can reguest that the RSP reload itself,
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4.

6.

The 2086 progrem can request that the RSE sleep. This
means thet the RSF will meke no references to 2090 pennry

until the 268€ proyraem interrupts it, This will cause
suspension of keep-elive,

The 2('8¢ progrem cen recguest thet the RSP set the 1ime of
Cay. The k&SP would then write the T.C.L. intn the

assigned communication page location ond interrupt the
2080 prograiu.

The KEP notifies the 2§80 program of &ny envivonmrentzal
Lroblens. There are three levels of nntificetinn -

Caution, Please Stop, and Inmediate 2bort.

lhe KSF notifies the 2080 program when its 'hkecp-olive!
becomes active nr inactive.

In addition to the interrupt notificetion nof stetus
changes, both the 2£8¢ program and FSPE will meintain
current status informetion in the 20£0 progrem Stetus
word end (nnsole Cftatus word, respectively., 1This vill

permit either program to pnll the status of the other.
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16.5.3 Console Subroutine Fackage Interfeace

All "calls" to Lasic (nnsole subroutines vill use the n:

end macro peckaye provided. There will ke a Pscudn~terminel

inplenented internally in the basic Cnnsnle snftvare which

enable any console~based proyram tn "execute” any consnle comnianc

and receive the results of that coommanc. Prgur.ents to

recuiring erguments will be passec on 2 Geta steck pninted

RY. Calls returning informetion will rceturn the informetion on

the daeta steckh.

£11 cells to LM1s and 1h2Fs will be vie a MCEC,

16.5.4 AFT host Systewn 1n 2£°C Consnle Interfacc

an enhanced version of the 2APT protocol used

menufacture of KS1€s will be inplementec for the 2007,
in

cCrns

will

cells

to by

the
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RLLIAEILITY/AVAILAEILITY/SERVICEABTILITY (RZS)

16.6 KELIAEILIYY/ZVAILAEILITY/SERVICEAEILITY (RMS)

16.7 PACKACINC AND S£YSTEM CENERATICHN

16.8 DOCUMLNTATICN

16.¢ KEFEKENCES

"Dolphin Console Subsysten Specificetion", Eob Petty, Marcl,

"2¢8L Consolc Subsystem Fardware Specificetion" Fev 3,
Suith, 3C-Nov-79

"20E€ Engineering Functional Specification" Seccnd Fditinn,
Lewine, 20-Nov-76

"2C€8L System Consnle PROM Frocrem", Tony kerardi

17=2°%

167¢

F.m,

Con

"Cperetionel Requirements for Asynchronous, Full Curlex, Serial
Terminals end System Interfeces C(perating &s DTFS Cnnnected tn
EIA RS5-232-c¢ or CCITT V.22 Point-to-Pnint LCEs", 2. Fent
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GLCSSAKY

16.1¢ GLCSS

APA

APT

Consonle

CFU

C-RAM

CTY

D-RAM

ELCA

EPKCM

k1l

ARY

Lrithmetic Frocessing Accelerator

Aatometic Product 1Test - this is the nenufacturing

[Lrocess which consists of & central hnst computer

controlling the testing of systems or subsystems.

The console-bases subsystem used for dizgnostic and

runtime support. The term refers to the hardware and,

sometimes, the softwere/firnware which runs in the

hardware.

Central Processing Unit

Control KAM, which contains CPU microcnde.

Consnle 1Terminel. Thie mester contrnlling terminegl

connected to ¢ running timeshering systemn.

Dispatch RAM

Execution LECX. The major pnrtinn of the 220 CPU

concerned with instruction execution.

Erasable (by ultraviolet light) Programnieble FLeed Cnly

Ferory

tonz 11 - e three chip PDP-11 microprncessor

hard-core Console

IBUX

That portion of the consnle subsysten softwarc which

resides in the console EFPROM.

Instruction ECX. The major portinn of the 2¢2¢ CPU logic
which is concerned with instructinn fetching anc

decnding.,

2LC8 prograt

I/C

Kb

Kb

KLDCP

& program running in the 2020 CPU.

Input/Catput

Kilobaud - one thousand bits per second.

Kilobytes - one thousend bytes

1ne KL10 Diagnostic Control Program which runs in the

front end.
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GLOSSAKY

KLINIK

The renmote diagnosis technique used by Field Service.

Loacable Consnle

mMACY11

MbOX

1hat portion of the console subsystem software which

resides in the first 38KB of consnle EAM. Tt provides

all the «consonle functionality except thet which is

required to run and communicate with en 2€&¢ prongren.

The PDP-11 assembler.

Mewmory ECX. The mejor portion of the 208 CPU 1logic

concernea with interfacing to mein memory and the I/0

Eus.

MCS Memory

oLT

PRCM

RaM

L volatile memory using PMetel Cx icde Semicenductor

technology.

Octal Debugyging Technique.

Programmable Read Cnly Memory. FEPRCMs are often referred

to as simply PRCMSs,

Random lccess Memory,

Raeasident Console

KEP

SPEAK

VAX

That portion of the «console subsystem snftware which

comprises the hard-core consmle anc the loedeble consnle.

The Kun-time Support Program. This is that ©portion of

the console subsystem software which 1is specific to

running and communicating with en 2¢3¢ prngram.

The system error repnrting program,

Virtual hddress eXtension., The new femily of TEC 22-bit

machines.

16.11 APPENDIX

16.11.,1 2¢88 Program/RSEP Communication Page
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APPENDIX

Communicetion page locatinn definitions:

160 2680 program-to-REP Contronl Vord (208 program writes this word)

le1l 2080 Keep Alive bkord (208¢ program writes this wnrd)

162 Klinik/aPT Output wora (to RSP from 24P program)

13 1erminal 1 Cutput kord (to ESP from 278 program)

14 Terminal 2 Output Word (to RSP from 208 prnaram)

1C5 Terminal 3 Output Word (to ESP from 2(8( program)

106 Pseudn~-TTY/Pseudo~ERR DPevice Cutput kord

(to RSP from 208C progrem)

167 208¢ program Status word

11¢ RSEF Status wora (RSF writes this wiord)

111 KSFP Keep 2live Word (RSP writes this word)

112 Klinik/APT Input Wword (to 2080 program from KSP)

113 Terminal 1 Input Wword (to 20LL program from REP)

114 Terminal 2 Input hord (to 2C8( progreéem from KSF)

115 Terminal 2 Input word (to 2€30 program from RSP)

116 Pseudo~-TTY/Pseudo~ERR LCevice Input word

(to 20€8C program from REP)

117 Consnle Status kord

125 Floppy LCisk Control/Status Word

126 Floppy Disk Control word

132 Time of Day [T.C.L.] (written by RSEF on recuest of 2('&( progrem)
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2Ubk proyram-tno-KSF Control korc korpet (vord 1¢4)

bits (~31

bits 32-35

Zeros

Interrupt Code

kSP reacy to accert nesit contrnl functinn
(alvays set to zero by RSFE)

Gatput for Console Floppy Disk

Catput for Consnle KLINTIK Line

Gutput for Console Terminal 1

Cutput for Consnle Germinal 2

Cutput for Console Terminel 2

Catput for Consonle Lseudo-T1Y
Lheqguest for Consnle tn sct 7.C.LC.

Recuest for Consnle tn Lcloed Monitor

kequest for Consnle tn reload itself

2080 program Keep Alive is Active

2080 progrem Kecp Alive is Inactive

KLINIK/APT Cutput kora tormat (kora 1¢2)

Eits 1-3

gel

¢le

1ue

111

tits G=35

bits 2¢-35

Interrupt Cnde

"1 Byte Mode" ;& single 25CTI Lyte is being sent
break recguest

"T-Eit 78CI1I MoGe" ; Five 7-bit 2SCIT1 cherecters
are packed left-adjusted,.

Hang Up reqguest

"Physical 2dcdres<" ;Used in tonde 17¢ cbove

"ACCIT character" ;Used in Mocde Of1 obLnve
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Terminel 1,2 and 3 Cutput korc Format (vords 103, 104, and 105)

Eits 1-3 Interrupt Code

gol "] Lyte dode" ;a single 7SCII byte is belng <sent

¢10 Ereak recuest

1¢¢ "7-Bpit 2SCII Mncée" ; Five 7-bit 2GCIT cheractrers
are packed left-adjustec.

Lits ¢-35 "physical #ddress" ;Used in Ptoce 10( chnve

bits 2¢~-35 m7cCII charccter" ;Used in toce ({1 above

pscudo-11Y/Pseudo-ERR Device Cutput Vorc lormat (horc 105)

bEits 1-3 Interrupt Code

cel "] pyte bonae" ;e single Z2CCII byte is being sent

160 "7_Lit ZSCII Mode" ; Five 7-bit RSCTI cheracters
ere packcu left-aajustec.

bits -35 "physical Address" ;Used in Mode 107 chove

bLits 2¢-35 wrcC1I character" ;Used in Pode 071 ebnove

20280 2CEL program Status hord Format (Vord 1¢7)

Eit 25 2030 progrem 'Keep-Alive' - 1 = tctive, £ = Inactive
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RUP Status hord koriwat (kWora 11C)

Lit 35 Done f = Status is input ta 2780 proagrem (such as CT
input clar)

1 = Status is respnnse tn previouys 2080 proaren

Cutput Recuest (such &< CTY tyreout)

Eits 31-34 Cevice kumber/Interrupt Code

1 Consnle Floppy Cisk

2 Consnle KLINIK Line

3 Console lerminal 1

4 Consnle lerminal 2

5 Consnle Terminel 3

5 Console Pseudo-TTY

7 Innediate 2bort - Enviranmentel Froblem

1€ Please Stop - Envirconmentael Problenm

11 RSP Keep 2live is Zctive

12 KEF Kecep Alive 1s Inactive

13 Consnle Stetus Chenge

- new statius i1s in Consnle Ttatus v ) i
t

N

KLINIK/2P1 Input Wword Formet (kord 112)

bit 9] Error - error code is in bits 22-2€

bEits 1-3 Interrupt Code

cel "1 Eyte Mode" ;a single ?ECIT byte is heing sent

111 "Status change" ;conde indiceting new status fnund

in bits 2¢-35

Eits 22~2¢ "Error Cnde"; used if bit ¢ is set

£el Input Euffer Overflow

£e2 UAKT Freminy Ervor

Eud UART Parity Error

¢le UART Cverrun Error

Eits 2¢-35 "ARSCII charecter" ;Used in Mdle L1 abnve

bits 29-35 "Ctetus change" ;Used in tnde 111 abnve

Col Cearrier detect

0C2 Carvier loss

pr4 KLINIK active

Cle KLINIK ineactive
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Terminel 1,2 and 3 Input word Format (hord 113, 114 and 115)

Eit 0 Error - error code is in bits 22-2¢

bits 22-28 "Error Conce"; uased if bLit € is set

col Input Buffer Cverflow

LL2 UART Framing Error

cea UZLRT1 Parity Error

10 UART Qverrun Error

bits 2¢-35 "pPSCII character"

Pseuco-T1Y/Pseuco-ERR [Device Input Bnrd (knrc 114)

Lit ¢ 1 it error logging informatinon i< being sent
¢ if pseudn-17TY charecters are being sent

bits 1-3 Interrupt Code

cel "1 Byte Mode"; a single 78CI1I byte is being sent

1¢¢ "7-bit ZSCII Mnde"; five 7-bhit PECTI chavecters

e¢re packed left-edjusted.

Lits ¢-35 Physical 2dcress; used in Mncde 10 zbnve

Lits 2¢-35 ASCII character; used in bFode 7)1 chbove

Consonle Status word Eormet (hord 127)

Lit 35 RSP "Keep-Alive"; 1 = Zctive, ( = Inective

Eit 34 KLINIK stetus; 1 = Active, = Inactive

kit 33 Environmental status; 1 = Caution, { = No ceutinn



COUMPAENY CCNELIDENTIAL =-- Do not duplicete

CCNSCLE SCFTwARE

EFPENLIX

Lloppy Lisk Control/ttatus korcd lormat (word

To be supplied

16.11.2 Console Counands

C-JUL-€[

Pagce 17-53
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"Larc-core" Console Commiands

. - —— W - ————— S R A D S b NS R e e em W W —mm e

() <Ck> - modify the open locatinn with (#) &nc clnse the oren
locatinn,

() <LE> - moaify the open lccation or general purpose register (GFPR)

with (§) &né clnse the open locatinn or CPR. Then ogen

locatinon+2 or CPR+1.

4 "/" - open the lncation specified by } and type nut the 'contents'.E Y YE

"TM § "/" - open the ceneral purpose register sypecified by ¥ &nd type
nut the 'contents'.,

mgw wgw myw _ gren the processor status wovrd (PEW) and type out the

'‘contents'.

(#) """ -~ modify the open locatinn or GPR with ({) énd clonse the open

location or CPR. Then onpen locetion-2 or CFR-1.

(#) "¢" - nodify the open location or CPR with (%) and close the open

location nor CFR. Then open the locetinn pointed to by the

original ‘'contents' of the opened locetinn nr CPR. The "@"

connand will wrap arounc to locetion ¢ if 'contents' was

177777 or to CK¢ if 'contents' was 7.

(4) "<" - nodify the open locatinn or CER with (#) énd close the open

locaticn or CPR. Then oren the releative locatinn pninted to

by the originzl location + 'contents' + 2. This comnend will

not perform the vrelative mocde operetion on CPR or PGV

registers.

# "G" <Ch> - start program execution at memnnry locetinn specified by

k. PSs register is cleared.

# "E" <CK> - set the non-cdeleting breakpnint «t the address specified

by #.

"E" KCk> - list the aduress of the set breakpoint. If breekpnint 1is

not set, CL1T will respond with & 2.

L"E" <CR> - celete the set breakpnint.,

"pP" <Ch> - proceed from set preekponint. If & breakpoint is not <et,

CLT will respond with ¢ 2.

16"8" <Ch> - set default load device to be the consnle floppy c¢isk,.

26" KCR> - set default load cevice to be the KLINIK/ZFT line.

"oenE" <KCK> - type out the current defeault load device.
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"L" "filename.ext" <CR> - 1load consonle ram from the cdefeult device
with filename.ext.

-
~

m < [ (‘
\

’[
\om the defeult"R "ifilcname.ext" <CR> - lnac consnle r o

Frogram.

e f

with fileneme.ext anéd run the loecded

"RULOUT" - celetes the previous inputcu charecter and echns & \
(Lackslash) . "RUBCUT" vill not delete commends <CR>, <LE>,

/.

Synbols:

# = represents last § inputted octel digits < or = 177777. Eor

exainple, 1f 7232CG67%5 is typed in, then 4 = 20575,

(#) - optionel octal nuuber.

" "~ creciflies snwe odt connanad.

‘contents' - octal date pointed to by some octal number.

tilename.cxt - specifies & loacable file from the default cevice. it
is 1k charaucters long, filename=5 chr., &nd ext=3 chr.

2 -~ 1s typed out whenever en invelic comnend is typed on the console
terminal.
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"lonadable" Consnle Conmends
- — . . Wm0 WP R e R NS S mee WD e MR SR D SR e M T o

Guide words are incicated by parentheses anc optional fields by

square brackets,

Sk1 CLCCK NCRMAL

HIGH

LALL

This command Lrovides for the setting of the system

clock rate - normal, margined hiqlb, or one-helf normel rate.

SE1T TeEkMINAL TYPE type

WILTH w

LENCTH 1

SPEEC (INPUT) 1 (QUTPUT) o

this comlands provides for the setting of terminzl

characteristics.

GE1 BEASSWCRLD (FCk KLINIK) fpassword

This command proviacs for the setting of the FKLIMIK

FaSsSwora. The passworc is limited to <ix alyhanumcric

chcracters.

Skl ECO1 (DEVICE TC EE) FLOPPY
KLINIK/AFT

This command provides for the sclecting of the lnad

aevice to ke used for autokooting the consnle &and 202C

systen.

Sk1 LOLL (DEVICE 1C BE) EFLOFPY

KLINIK/AET

1his commenc provices for the selccting of the loed

aevice to be useo in default situaations, For cxérile, when &

user types the commend 'LOALC fileneme, the conenle will 1nnk

for fiiename on the cefault loed device.

SET 1IME (GE CLNTURY) dd-nmnm-yy hh:mm:ss

This command providces for the setting of the time of

Century. ¢ince there is a bettery backec-ur time of century

clock in the hardware, this comnnrend should rarcly be needed.

Contirmation will always be reguired before the compmend will

be executed.

SET [NCO] CCNEIRMATION
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This commanag provides for «e¢nabling or disabling the

recuirement for confirmation on those commandes which ¢ffect o

running 2¢8¢.
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Skt1T [NC] AUTORELCAD

ihis commend proviaes for the enebling or disebling of

the autnneatic reloecing ot the system upon powerug.

SE1T VUOLLPACE (MARGIN) NCRMAL

hIGH

LOW

This command provides for the mergining of the <system

ECL power,

Sk1 LINE n SPEED (INFUT) i (CUTPUT) 0

this commend provides for the setting of thce line speeds

for any of the four asynchronous 1lines c&ttecked tn the

console. Cne use of it will be to select the speeds for the

KLINIK line.

ENAELE bBAKLCCPY (AS LOGGINC DEVICE)

CISAbBLL

1his comniancs enables or disables the harcdcopy es a

logging device for all input and output &t the video terminel

or over the KLINIK line.

KEAD (CkU KECISTEK) CFU

pPC

ViMA

whis cowmmenc provices for the reading of the CFU

registers which éere contained in the ciagnostic scen peths.

Specifying the argument CPU will ccuse the most conmonly read

registers to be read and cdispleyed, such &s the PC anc VMEA,

The coumplete list of readeble registers will be cdcefinea

leter.

“WRITE (CPU KEGIS'ILER) 2707

'his cowr&nc provides for the writing of the CFU

registers which &re contained in the disgnostic scen petls

1The complete list of writeblc registers will ke <defin

later.

T &
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EXAMINE [ adaress—-type ] [ @ddress |

This commands provicdes for the examining of rennry in

all fparts of the 2080 CPU cluster. 1his includes the rein

MOS memory, &ll contrnl KEMS, consonle niemnry and Port FANMs,

'address-type' specifies thie mennry sjpace to be

énd can be any one of:

CCNSOLE EYTE

WCKLD

RECISTEK

AC

FALST-EBGX

SLCW-ELCX

IECX

EPA

MbUX

DIVILE-LOOKUP

EAKLY-DECCLCE

FLU-LCCRUF

POKT n

MAIN=-MEMCRY PHYSICPL

'eadress' cen be any one of:

NEXT

FREVICUS

ec¢r [ (CCUNT) n ]

agarl:aedr2

The NEXT argument will cause exenminetinn nof

exenined

the next

location following the last locatinn referenced in tle laost

EXAMINE conménd executed, The PREVICUS e&argument causes

exemination ot the loceation Lkefore the lest location

refcrenced in thlie last EXAMINE commend executed. Specifying

'adr' will «cause thet single locatinn to be czearined. Ly

auulng the CCUNT field, the user «can exemine the locatinn

'edr' Llus the contents of the next n-1 locetions., Iy

specifying 'adrl:adr2' the user can cxeawine the

locetions between and including 'acrl!' end 'adr2!',

reange of

Eoth the 'eddress—-type' and ‘'eduress' fielcds are

optinnal. The wvelue for each field is saved from the last

executed EXAMINE comnand. Therefore, & user ceéen type

"EXAMINEL <KCR>' to exemine the ssne locatinn in

nemory space thet was exeminea by the las EYAMINE

the <came

comr:and.,

To exanine & cifferent locetinn in the seane riemnry space o<

the last EXAMINE command, the user includes only the

'audress' fielc, e.g., 'EXAMINE NEXT'.
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DLFOSI1 [ ecuress-tyre ] edcress date

1his comriends provides [nr the deponsiting of nremnory in

all parts of the z¢80 CPU cluster. This includes the mein

MCS nienmory, 211 contrnl RAMs, consnle nernry and Fort FMMs,

'adaress~type' specifies the memnry space to be exémined

and cen be &any one of:

CCNSCLE EYTE

WCRD

KEGCIS1TER

AC

FAST-EBOX

SLCW~EECX

IBGCX

FEA

rLOX

PIVILE-LCOKUF

ELRLY-DECCEE

FRU-LCGCKUF

FCKT n

v IN-MEMCRY PhYSTICAL

'eddress' can Lbe any one of:

NEXT

LAST

PREVICUS

acy [ (CCUNT) n ]

adrl:aeur?

The NEXT argument will cause the cepnsiting of thoe next

location following the last locetion referenced in the lést

LEPCSIT comkenu executed. The LAST ergumcnt will cause thne

sepositing of the <cawme locetinn thet was refevenced in the

last LEFOEIT conmand executed., 1he FREVICUE argument couces

the degnsiting of the location before the lest lncetinn

referenced in the last DEFCSIT conmand executed, Srecifying

'asr' will ceuse thet single location tn be depnsited. Ey

auding the CCUNT field, the user cen depnsit the lncation

‘eur' plus the contents of the next n-1 loacetinons., Fy

speclifyinyg 'adrl:acr2' the user cen Ccepnsit thke renge of

locations between and including 'edrl' and 'edr2'.

Thie 'eaodress-type' field is optinnezl. The velue for

that fiela 1is saved from the leost executed LDLPCSIT conriand.

Theretore, & user cen type 'CEBCCIT 1224 ~1<KCE>' to Cepnsit

the wvelue -1 into the locetinn 1234 in the scime memnry space

that wee deposited by the lest DEPCSIT conmamand.
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LCAL menory-spece filensme.ext

CYSTEM

This commwend provides for

Lewnry sipeces with the

console floppy. Specifyling

microcodes to be loaded.

'memory-space' can be

EOX

IBCX

FAST-EECK

SLCW-EBCX

CIVICE-LOCKUP

EAKLY-DECGDL

FIkU-LOCKUF

PCRT n

CONECGLE

PREECCT

VERIEY menory-space filenasme.ext

5YST L

forThis conmend fprovides

conteonts nf @&

SYCTEM

Pace 17-471

the 1lneding of verinus eysten

filce locatea nn the

will ceuse &11 systen

any one of:

the wverifying nf wverinus

system renory spaces agesinst the ceontents of & file located

on the console floppy. Specifying €YSTLM will ceuse &ll

systenm nicrncondes tn be verificd.

'lnemory-space! can be any one of:

MEBECX

IBCX

FAET-EECX

SLOW=-ELCGX

DIVILE-LGCOKUP

EAKLY-CECCDE

FLU-LCGOKUF

POR'T n

CCNECLE

PREECCT

Loing & 'VERIFY SYSTEM' will causc & verification of all

the <systen fwenory Spgeces., In this ce&se, the contents of

'filnem.ext' nust be an ASCII file conteining the neores of

verified.,

the

all the files to be

cause tiie contents of

Coing &

specifiec
'"VEKIFY [RFECCT' vill

file to Lbe verified

ajelinst pege zevro of 2(8¢ nain menory.
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S1ARI

STAKT

10k

CYCLL

EUKLT

SEHCW

RUN

CCNEOLE auLuress

205C~-PRCCEAM

I6CX

SLCW~EbCX

mMbBCX

FEA

fuis conmend provides for the

nicrocodes et specifiec aacresses.,

will default to 2088-PRCGhAN.

CLCCK

PORT n

This command the

port clocks.,

provides for

CLGCK

FOKT n

This comnrrana

Port clocks.

provices for

(CLCCK) cycle-count

This comnmand

clock a specified

provides for the

numker of cycles,.

(CLOCK) phase-count

1his connend

clock & sjpecified
provides for the

nuriter

TERMINAL N

NCN~VUOLATILE RAM

LCGICAL-CCMMAND nanme

DEFAUL1S

1IME-CE~-CENTURY

VELKEIGNS

(#BCGUT)

1his command

about certain consnle anc systen

filenane.ext

starting

the stopring nf the systcen

cycling

bursting

of clnck pheses.

rovides the ability to obtelin

perameters.,

¢ -JUL-QC

Page 17°=-72

sterting progrems or

Typing 'S1ART edcress’

nf tho system or

oY

of the systen

n[ the systen

infonrmetinn

This command grovides the ability to loadé & prnaorem fronm

the consnle default load device into console memory anc stert

it.



CCMEANY CONEIDENTIAL -- Do not duplicate O-JUL=D

CCNSULE SOETWARE Page 16-6"

-

J

APPENDIA

PEEF INE

KEPLA'

REPEAT

(LCGICAL CCMMENL) logical-nane

(type Control-Z to terminate comnenc sccuence)

coniliand

coumeand

T
 

o

eAN~=-~ -con

This commend provides the ability tn cdefine & unicue

logical name to be & specified seqguence of conmancs. fhis

commana sequence can then be executed by using the Ingicel

nane 1n the EBEPEAT command or by tyring the lecgical name

airectly as a commanc. When the <CR> is typed, the user

enters «n 1nput mode in which he cen specify the commend

seqguence to be defined. The format for the secuence 1is one

conméena per line, each followed by & <CE>. ‘The input mnde is

terminated by a Control-7.

[ repeci-count | (CCMAND SECUENCE)

(type Control-Z2 to terminate comrieand secuence)

Conmanu

Conenc

control-z

Ch

[ refeat-count ] logical-nene

This commandg provides the ability tn repectedly execute

a specified secquence of ceomnends. !} rereat count noy Le

specified. If not, the secquence 1is rejeated indefinitely

until & Control-C is typed. 1If & predefined logicel conmend

(¢ee LEFINE command) is specified, it will be e¢xecuted 1In ¢

repect rniode., If & <Cik> is tyred, the user enters an input

moage in which he can specify the c¢ommenc <ecuence tn be

repeatec. The formet for the sccuence is one compeéend per

line, eachi followed by a <CR>. 1he input mede is terminaoted

by & Cnntrol-2Z,.
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KELSE1T SYSTEM

10

IEUX-EBCX

MbCX

ERROK-FLCGPS

MEMCRY~-CCNTRCL

This command provides the ebility to reset the entire

2080 system or selected parts of it.

LEKO (MAIN MEMCRY) DIRECT

INDIRECT

This command provides the ability to zern all of the

2080 maoin menmory. Specifying direct will casuse the zerning

to be done via consnle DMA depnsiting into memnyry.

Specifying INDIRECT will cause the zeroing to be done vie the

execution of a 208( instructinn.

This c¢ommand causes the c¢nnsonle tn enter its

fackage.

0 ) ~
3

ELIT filenamc.ext

This command invokes the c¢onsnle ed¢itnr &and 1nads the

specified file into the editing buffer.

TAKE fillenatie .ChD

This command executes the contents of the specified file

as though it were input coming from the CTY.

ECLC (GE CCmMMAND FILE) ENABLED

DISAELELC

This command enables and disables the echning on the

terminael of the executinn of «a command file (see TIZKE

Coumnand).

CCEY (LILE) filename.ext (TC) filename.ext

This commeand copies a floppy disk file.

TYPE (FILE) filename.ext

This commends types the specified file on the user's

terminal.

DIRECTGRY (CF FILE) [ filename.ext ]
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This commana provides the eebility to teke & full

directory of the consnle flojpry »nr of & specified file.

KRENAME (FILE) filename.ext (TC) filename.ext

This comnand renames & file on the consnle flojpry.
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CELE'IE (FILE) lileneme.ext

This cnumand deletes the specified [ile from the consnle
flopry.

PRINT (FILE) {filncun.ext

This comrend prints the specificd file on the c¢onsnle
hardcopy terminal.

SAVE (CCNSCLE EKAM) edr:adr (TO FILE) filnam.ext

ALL

This commend dumps the contents of & specified range nov
all of consnle FAM ontn the specificd floppy file.

SUARKT SYSTEM CCLLC

WERNM

SORT

This commend will loed and start the 2¢{¢f system in the
specified wenner, 2 CCLD start will cimulete the depressing
of the console panel Cystem Start switch excert for the
booting of the c¢onsnle. A WARM staert will simulete a
power-teil restart procedure except for bnoting af thre

consonle., /. SCE'T start will 272 211 three optinns will ceuse
the automatic loeding and running of the RSP,

TERMINATE (KLINIFKF ACCESS)

Tuis commend will terminate ¢ KLINIK e@ccess which is in
krogress. flhis wmeans sending e warning mescage tn trhe KLINTF
user anu hanging up of the KLINIK connectinn.,

PCOWER Ciy

Gkt

This comrend will turn LCL power on nr off to tle 2¢0¢



COMHEFANY CUNFILENTILL -- Lo not Cupliccte o_JUL-0n
CONBCLE SCETwARKE 

Fage 14-=67
AFFENDI&

ROF Commenus

KCCCN

Thiis commenc leaves ESP and Luts the uaser Lack tn"loadable" console commend level, cCon>. Py tiresharing
Support activity in progress, such es keer-2live, will bhe
gracefully aborted.

CUI1

This commencd put the user back to the last command level
he was in before going tn FSP command level. 1hic may be
cither '"CCN>' pronpt level nr "Cystem Mole" telking tn & 2ren
Lrogram.

HALT (2C80 CEU)

This commend halts the 2080 CFU by fputting the 2rprmicrocodes bech to their icle loogps.

COCNTINUL (2€02¢ PRCCRAM)

This commanu continues o helted 2¢00 program,

START 2080 ~-FRCCREM adCress

Thils counand starts 4 Freviously loaded 209C progrem ot
the specifice address. )

EXECLTE (268¢( INSTRUCTICN) instr

This commend will 1nad end execute the csrecifiedinstruction in the 2¢€f CPU. 2n accepted cbhreviction farthis courena is 'Xcq°'.

ShUTLCCWN (2066 PRCCRAM)

This commend will shutdown the running 2007 progrep by
depnsiting ¢ -1 intn 200¢ remnry locatinn 3¢,

CLANGE (LSCAPE CLAKECTEL 1TC) clur

Tlils comnenc changes the escapc chearecter nsed te gn
from "Cystem Mode" to "Console Moce",

SYSTEM (MCDE)

This commend causes the LS to enter "Cystem hode",This includes cttempting to establish comnunicetion (cou.,Keep-alive) with the 2p8C Program.

SINGLE (INSTKUCY Zgep CPU)



CClPANY CCNFIDENTIAL -- Do not duplicate

CCNSCLE SCETWARE

APPENDIXM

1his conmand will single instruct the 2080

SHCW

1his command will cdisplay the stetus

aveileble ylnbel parencters in use by the FCOP,

16.11.3 EMIs &nda Sabroutines

(to be supplied)

16.11.4 KLINIK hModes

Fage

Cru.

nf

¢c-JuL-¢no

all

15-AF

the



COFFANY CUNFICENTIAL -~ Do not duplicate C-JuL-2o¢
COUNSOLE SCE'IWARE 

P:ge 16-4C
APFERNLIX

| pmmmm———— -——t

I ! CTY Catpuat !
| e iktTP R +

| e

| ' U CLMM PACE
| 1S T T -———
| CiY ----- >+ A tmmmem e + ! CTY Input !
| !' K ! ! ! kord !
| [ | ! R itk R R + tmerm— - +
| +=——t ! ! CTY Outpat ! ! !
| ! ! wnre ! !oo2c00n !
| ! o + ! yrogram |
I +---+ ! ! XLINIK Input ! ! !
I (VI ! ! kord ! ! !
| ! 8§ ! v ee + R +
| KLINIK ==>+ A 4~—-=-eex >+ ! KLINIK Quatput
| line ! RO ! ! kWord !
I 'l ! Lte +
| +-—-=+ \%
| e +

| ! CTY Input !
| e~ +

|
| ...........................................................................

|
| e e T

| ! C1Y Cutput |
| T. +

| +---+ !

I !U ! ! CONMM FACE
I ! s Y L ——————— +
I ClY <-=--- + A +<~-mmme + ! CTY Input !
| ! K ! ! ! hord !
I LT ! Fem e- + Fommm - +
| +~—-=+ ! ! CTY Output ! ! !
l ! ! kord ! !ooren !
I ! e + !' program |
I +--—+ ! ! KLINIK Input ! ! !
I !U ! ! ! kord ! ! !
| ! § 1 ! e + e +
| KLINIK <==+ A +<-—===mun + ! KLINIK Outprut !
I line ! R ! ! hWord !
| P T Fomm e- +
| -t

| L +

| ! CTY Input |
| e +

I

I

I KLINIK Cnonsnle Mrde



CCMEANY CCNEIDENTIAL —-- Do nnt duplicate c-JuUuL-8¢
COUNSCLE SOCETwARE rege 15-7¢

AFPENDI1X

e —————— +

1 CTY Catput !

e m +

+~==+

! U ! cemvy PACE

! € ! bbbli +

cly --—--~ >+ A 4-—mmmm——— P >! C1Y Input 1= --+

! K ! - ! Word ! !

! ! ! e —————— + ! tmm e ———— +

+---+ ! ! CTY Catput ! ! ! !
! ! kord ! ! vooo20en !

! e + +-->! program !

+---+ ! ! KLINIK Input ! ! !

(IS ! Fmmmme — - —————— + = +

KLINIK -=>+ A +-—=>——==—~ + ! KLINIK Catput !

line ! K} ! word !

11! tmmmmm e +

+-=—+

tmmm e ———— +

! LTY Inpaut !}

e ———— +

-——— +

! CTY Oltput !

fmm— e ————— +

+--=+

! U ! CCiam FACE

! 5! o ————————— -+

ClY <--—-- + A +L{~——=———~ + ! C1Y Input !
! k1 ! ! Lorc !

vt ! fmmmm - + tmmmm————— +

+~-=--+ +{=m=-=- ! CTY OQutput 1=~~~ ! !

! ! korda ! 129120 !

! e— + ! progreom !

+-—-—t : ! KLINIK Input ! ! !

! u !l ! ! horc ! ! !

[EESE ! - —m - + e ———— +

KLINIK ==+ A +<{-~——=—~—- + ! KLINIK Quatput 1}

line 1 K} ! kord !

11! pmmmmmmmme mm - t

+---+

fom—————————— +

! C1Y Input !

fmmm e —————— +

KLINIK System PModce



CUMFANY CONFILENTIAL -- Do not duplicate | SI\=JUL-Cr
CCNSOLE SOFTWARE Pege 1r-71
AFPENDIX

5 S g +

| ClY Cutput !
e Sy g +

| +-—=+

| ! U ! CCHMiv PACE
| ! g Fommm e —— e +
I ClY =—-==—-- + A 4+ ! CTY Input !
| ! k! ! kord !
I 1o L et + o ————- +
I +-—-—+ ! C1Y Output ! ! !
| ! knrd ! vooopey !
| Rti + ! program!
| +——=t - >! KLINIK Ingput l-—-——-- > 1 !
I !'uU ! ! ! kord ! ! !
I ! ¢! ! M i L LT + Fommm————— +
| KLINIK ==>+ A 4-——-w-ewe- + ! KLINIK Qutput
| line ! K1 ! word !
I U Rit +
| +—-~+

s Tpu— +

| CTY Ingut !
e Sy g +

I
' ........................................................................

|

N Mgy g U +

I CTY Oltplt !
ey +

| +--=+

I 1 U ! COMiM EACE
I ! ¢! Fmme e +
| ClY ==~--- + A + ! CTY Input !
I ! R ! kora !
| T Fomm e- - + e +
I ==t ! CTY OJL;uL ! ! !
I ! hord ! 1o2ceer !
| R et + +--=1 progran !
| +-~=-+ ! KLINIK Input ! ! ! !
| (VIR ! hord ! ! ! !
| 'S Fommm e e + ! ee +
| KLINIK <-~+ A +<~=m—=mmmmee_ ! KLINIK Cltplt 1<--+
| line ! E ! Word !
| Yool Lt P +
I +———t

e 
+

I Cliy Inpjt !
e Sy S +

|

I

| KLINIK User pmnde
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