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1.2 PREFACE

The major goal of the engineering functional sgecification 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 & whole as
well as the functions of the individual components, The
specification will also describe the motivations and the "whys"
behind the functional design. The components will be described as
functional wunits (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 editoriel
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¢8¢ System Development Plan".
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CHAPTER 2

SYSTEM DESCRIPTION

2.1 OVERVIEW
2.1.1 PRODUCT STRATEGY

The 2080 provides the basic upgrade path for current TOPS-10 and
TOPS-20 customers. The 2088 also will allow 26-bit customers to
coexist with VAX by using the corporate 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). We
will assure that performance is at least 4.¢0 X KL1PE. The
compile times for MRICDl (& COBOL program) and SP1111 (e
FORTRAN program) run under TOPS-206 will be used as the
benchmark to measure logic performance.

3. FORTRAN performance with the APA will be at least 3.5 X
KL1gE. 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 KLI1GE.

4, Lowest possible cost of ownership. This includes the cost
of the 2086, 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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3. All detected errors will be logged in non-volatile storage.

4. Provide remote diagnostic capability greater than that
krovided on the KL1P or KS1g.
2.1.2 CPU CLUSTER BLOCK D1AGKAM
trmm——————— + R + R it +
ARITHMETIC 1 ! ! ! !
! HOT I{======= EECX I<{=======>| IBCX !
! EOX ! ! ! ! !
Fomme e + tomm e + tmmm e +
! - ! A .
! ! ! oo vt
! Fmm——————— F————— e e '--+ DATA BUS
! ! ! ! ! 2CDRESS BUS
! ! !
- t——————— + !
CONNECTIONS TO DIAG ! ! !
LOGIC ON EACH BOCARD ! MEOX ! !
- ! ! !
e ——————— + +—————— +

! ! ! ECL !

! e, ———— 1 TO === coszs===s=s=s===
e + ! ! TITL 1 ! ! ! !
! ! Fomm + t—————— + ! ! ! !
! DIAGNOSTIC ! ! ! - ! ! ! !
! CONSOLE ! ! MEMORY i ! tm————— + ! - + !
! ! ! ! ! ! ICCS P v Y IBM 1
Fomm e + o + ! ! PORT ! ! ! PORT ! !

! ! e ———— R S + !
Fo e e + ! !
! !
+-———t +----t

! !
R + o +
! uBA ) ! MBA !
! ! ! !
t-————— + Rt +

NOTE

Some details (e.g. packet buffers,
bort modules) are omitted for clarity
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CONF IGURATIONS

INITIAL SHIPMENTS - In order to reduce the risk and schedule
2686

system, the configurations are being split into two

First is a

MASSBUS and UNIBUS based system:- to support

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 PACKAGE

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

512K words main memory

Two RH28 MASSBUS adaptors (for disk and tape)

One DU28 UNIBUS adaptor

One RPL6-AA disk pack

One front

end
Cne
One
One
One

with 16
CN20-MA
DN2¢-CC
DN25-EC
DN 25-BA

drive.

Asynchronous lines consisting of:
Front End

Cable Cabinet

Asynchronous expansion cabinet
Asynchronous expansion group

One LA34 and one VT100 console terminal peckage.

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

Initial Support package

mMA28

RH2¢&

RPG6-AA

RFO6-BA

MCS MEMCRY

512K memory expansion kits,

DISK ANC TAPE CCNTRGCLLER

Massbus Controller for disk and tape. This consists of an
I0 port and a MASSBUS adaptor module,.

ADD-ON DISK PACK DRIVES

Single access 4¢ wmillion word add-on disk pack drive.

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

RTP28-EA
RTE2¢6-EC
RTP2¢6~FA
RTP2G~-FD
RP26-AC
kP20~-AE

RP20-CB

TU78~-CB

TU78-AF

TXU2~-EE

TU72-EC
TX03-EE
TXu3-FB

TX85-EC

LP20-AA

LP2¢-AC

LP20-BA

9-JUL-80
Page 2-4

RP£6 dual access kit.

RP20 DISK SUBSYSTEMS
Single channel 967Mb master TOPS-10.
Dual channel 967Mb master 10PS-10.
Single channel 929Mb master TOPS-20.
Dual channel 92¢Mb master TOPS-20
Add-on single channel 1TOPS-1p disk.
Add-on single channel TOPS-20 disk.

Slave dual port upgrade kit.
to dual channel disks.

Converts RP20~AC or RP2@¢-AE

TU78 SERIES MAGNETIC TAPE DRIVES

Magnetic tape subsystem including controller and one
master tape drive 9-track, 125 inches per second, 1680/6250
bits per inch.

9-track, 125 ips, 1600/625¢ bpi add on tape drive.
PREREQUISITE: TU78-CE.

TU72 SERIES MACNETIC TAPE DRIVES

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

9-track, 125 ips, 16008/625¢ bpi add-on tape drive.
Two channel switch option and DX2¢ channel.

Two channel switch for two TXP2 controllers.

Two control unit tape switch option and TXg2.

LINE PRINTERS

366 LPM, LP@5, 64-character, EDP

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

24¢ LPM, LPE5, 96-character, EDP
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LP2¢~BC
LP2¢-CA
LP2¢-CC
LP20-DA
LP2¢~-DC

LP2u@~BA

CL2e-CA

DNZL~-E2

DNZ2C~-DA

DN2¢~Eb

DN21-DA

DN21-EA

DN21-xx

DN25-EC

DN25-DA

DN25-AA
DN25-Ab

DNZ25-BA

-- Do not duplicate S-JUL-80
Page 2-~5
24¢ LPM, LPO5, 965-character, SCIENTIFIC
9¢¢ LPM, LPl4, 64-character, ELP
9¢y LPM, LPl4, 64-character, SCIENTIFIC
66¥ LPM, LPl4, 96-character, EDP
668 LPM, LPl4, ¢6-character, SCIENTIFIC
LPE¢7 ChHARABAND line printer with LP2¢* control & cable kit,

SPe/12¢6 LPh.

CARLC REALERS

1206 CPM consonle-nondel reasder and control.

SYNCHKGNCUSE LIKE INTERIZCES

Low speec synchironous line controller,

Synchronous expansion drawer, Including one DN2G-BE with
slots for up to 3 additional DN20-~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 55Kb)

DMC-11 based high speed synchronous line interface
1Mb)

(up to

ASYNCLRCNOUS LINE INTERFACES

Asynchronous expansion cabinet and first drawer
one 8~-line multiplexer.

including

Asynchronous expansion drawer,
nultiplexer.

including one 2-1line

§-line asynchronous line multiplexer,
8-line asynchronous multiplexer with distribution panel.

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

Expands the
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2.1.3.2 TARGET SYSTEMS - Here is a picture of a possible dual 208¢
configuration which should give a good idea of the sorts of things
that can be done. There are two 2¢8¢ systems hooked together with
ICCs., Each 2080 has an HSCS50 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
2680's to the various I/0 controllers.

e ————— + o mmm +
! R R e +o !
! ! ! o ———— + ! ! !
! 2080 ! ! ! MERCURY ! ! 1 2080 !
+-=1 ! ! o ————— + ! ! !
(I ! ! Lo ! ! !
e + SN A et +
! ! TERMINALS !
Fmm—————— + m—————— + tm————— +
! MERCURY ! ! LSCS@ ! ! HSC5€ !
! coMm ! o ———— + e +
e ————— + ! - + 1 o +
[ A A ! ! ! 11 ! !
Py +o—m——- ! DISK l---—-- + H-——--- ! TAPE !
TERM INALS ! ! ! ! ! !
! tmm———— + ! fm————— +
! !
! e + !
! ! ! !
o ! DISK !------ +
8! !
o ———— +

2.2 HARCWAKE ORGANIZATION

This section provides a summary of the major blocks in the 208# 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 support, and diagnostics.
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2.2.1.1 BCOTSTRAP - This function turns the machine into something
that the software bootstrap can use to 1load the monitor or
diaynostics. The following actions need to take place:

1. Keset the 2080 and verify that nothing is obviously broken.
2. Load the microcode (IBCX, EEOX, MECX, PORT).

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

2.2.1.2 OPERATOR SUPPORT - This node provides several simple
commands to start and stop the system. It also provides operating
system support for the console terminal so the operator can talk to
the operating system.

2.2.1.3 DIACNCSTIC SUPPORT - The console can control the hardware
and monitor outputs to enable programs to execute in the consnle and
diagynose the machine.

2.2.2 1IBGX SUMMARY

The part of the Zu80 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 EBECX (or execution
unit) will have & steady stream of instructions to execute.

The IBUX attempts to gather up to 16 instructions and operands ahead
of the EBOX, so as to smooth the flow between the memory system and
the EBCX, both of which have considerable wvariation 1in their
operation 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 streams,
agepending on the branching characteristics of the program fragment
being pursued. Associated with each of the 16 slots 1in the
instruction buffer are one or two 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 words straight. The
tag consists of the buffer identifier (instruction, first or second
operand) and the slot number. Each reqguest to the MBCX 1is
accompanied by a tag, which is returned by the MBOX 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). 1If 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 1loops to
run without fetching instructions from the MBOX.

A three stage delay pipe 1is employed to &allow the tags of the
possible 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 rage
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 EBOX. 1In 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 passing instructions and data to the FBOCX.
Although the EBOX microcode engine takes two cycles per
microinstruction, the IBOX supplies the first microinstruction from
its own fast RAMs, allowing many instructions to pess thru the EBCX
in one cycle. If two microinstructions are regquired 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 EBUX, 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
tyre selects one of the two to be presented to the EBCX. If the
rFrevious 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 IBOX. 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 1in 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 instructions 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.

Wwhen 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 is "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 IBOCX
buffers.

Should any watches 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 outstanding
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 wunconditional Jjumps (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 fpass over
the JRST, and be ready to feed the successor instruction to the EBOCX,
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 EEOX does all of the "real" computation in the 2¢8¢. The EBCX
has a wide microcode word which directly controls &sll of the logic in
the EBOQOX.

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 PROCESSINC ACCELERATCR SUMMARY

The 2680 AFA monitors the 1IBCX and EBCX and speeds up selected
orerations. These include single and double precision floating point
add, subtract, multiply and divide and single precision integer
multiply and divide.

The following classes of instructions will be processed in the 2PA:
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1. Single Precision Floating Point
2. Single Precision Integer
3. Double 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¢89 system. It contains the
cache memory and all of the hardware required ton do paging end to
read and write physical memory.

The MEOX has a microprocessor which handles many of the complex MROX
functions (like a cache refill). Simgple 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 IO processor called a “PORT". The
port performs several common functions for all 2¢8¢ 10 interfaces:

l. Interface to the 208¢ TTL bus}

2. Data repacking. In particular, conversion of 36 bit words
into 8 bit byte streams in any one of several formats.

3. Command grocessing. fThe port maintains several queues of
outstanding commands and schedules data transfers.

4. Processing channel command lists and buffer descriptors.
5. Interrugt processing.

There are up to eight ports in the 2¢8¢. Each port can control any
one of four types of IC interface:

1. ICCS link -~ ~connection to other processors, HSC5¢ and
MERCURY.

2. MASSBUS ~ Connection to current disks and tepes (e.g. RP#5,
RP2¢, TU78).

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

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

2.3 DIFFERENCES FROM THE KL1¢

2.3.1 SUMMARY OF MAJOR DIFFERENCES

l. Lower transfer cost than a KL1@,.
2, Smaller in size,
3. Much faster than a KL1l@.

4. Both T0PS~1¢ and 17T0PS-20 paging available under fprogram
control.
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2.3.2 EXEC AND USER INSTRUCTIONS

2.3.2.1 NEW EXkEC 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 DISCONTINUED EXEC AND USEK INSTRUCTIONS - UFA, DFN, FADL,
FSBL, IMPL and EDVL are not available on the 2¢08¢. They all trap as
MUUOs .

These instructions are considered obsonlete.

2.3.2.4 OTHEK EXEC AND USER CHANGES -

2.3.2.4.1 PUBLIC MODE - Public mode is not implemented on the 2£8¢.
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 CNLY INSTRUCTIONS

2.3.3.1 NEwW EXEC MCDE ONLY INSTRUCTICNS ~ [[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 ELDITION]]

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

2.3.3.4 OTHER EXEC MCDE CONLY CHANGES - [[THIS SECTION WILL BE
COMPLETEL IN A FUTURE EDITION]]
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2.3.3.4.1 OVERFLOW FLAG - In the 2¢8Q the overflow flag comes back
as PC flag bit €. In the KL1C 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

Both 10PS-1¢ &end TOPS-20 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 INTRODUCTION

This document describes the operation of the Exec Mode and 1/0
instructions on the KCld. All I/0 instructions are ordinary
instructions with the same format as normal instructions (opcode, AC
and effective address). The opcodes are in the range 70¢ thru 777.

Any operation code in the range 76¢ thru 777, AC number, 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 700 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
rroposal for new instructions for manipulating gueues and physical
memory.
***NOTE***

Items still to be added to this document:

1. Interrupt protocol description.

2. Address break facility description (if any) .

3. ©System timers and accounting facilities.
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700
710
720
730
740
750
760
770

o
g1
B2
03
04
85
06
87
19
11
12
13
14
15
16
17

0
APRY
RNGB
INSQHI

INSQUE

1

APR1
RNG BW
INSCTI

REMQUE

New

document
and approval

are

still
by Software

duplicate

OPCCDE Assignment Map
2 3 4 5 6
APR2 - PMOVE PMOVEM -~
SNBSY - - - -
REMCHI  REMQTI -~ - -
AC Field Assignments
701 702
- RDSPB
RDUBR RDCSE
CLRPT RDPUR
WRUBR RDCSTM
WREBR RDTIM
RDEBR RDINT
WRIOP UPDTIM
RDIOP -
SWPIA WRCSE
SWEVA WRPUR
SWPUA WRCSTM
SWPPT WRTIM
- WRINT
NOTE
instructions proposed in this

subject to review

Engineering

and the Architecture Committee.

9~-JuL-89
Page 3-2
7
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3.2 INTERNAL I/O0 INSTRUCTIONS

These instructions control the CFU. They transfer
the outside world and the CPU or memory.

no

cata

9~-JUL~-8¢
Page 3-3

between
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APRID
APRID
pmmmm————— s T T +
! 700 ! 9@ 1@! XR ! Y !
tmmmm————— i e e B e e e +

This instruction returns the microcode version number, the CPU serial
nuaber, and processor options. This date is stored at F and E+1 in
the followiny formeat:

E:

L-€ keserved for microcode options,

¢-17 Lardware options (These are all zero at present)
18-35 Processor serial number

E+1l:

0-35 Microcode version number (in Standaré format)
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WRAPR
WRA PR
fmm——————— s e L +
! 760 ! @4 1@! XR ! Y !
fm—m—————- e e +

l1his immediate mode instruction decodes its effective address to

control the processor. The effective &address bits 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.

2¢ 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
RDAPR
e m———— e s st
! 700 ! 95 1@! XR ! Y
e e et S Fom e

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

P6~-13 Flags enabled to interrupt (tbd)
13 Cache sweep done

19 Cache sweep busy

24-31 Flags, cause of interrupt (tbd)
31 Cache sweep done

32 Interrupt requested

33-35 PIA

addressed

°-JuL-8¢
Page 3-6
by E.
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WKPI
WRPI
$rmmm————— e e e B e e et +
! 700 ! 14 !1@! XR ! Y !
pmmmm———— R e e B +

18-29
22
23
24

25

This immediate mocde instruction decodes 1its effective address to
control
are used as follows:

priority interrupt system. The effective address bits

Processor erroy insertion (to be cdefined).

Turn off program reqguests on selected levels (bits 29-35)
Clear FI system,

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

Turn on selected levels (Lkits 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

This instruction store the PI status in the word addressed by E.

RDPI
$mmm e i T +
! 760 ! 15 t@e! XR ! Y !
T — T o T T . +

status is a follows:

11-17
18-2¢
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,

©-JuUL-80
Page 3-8

The
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WRUBKR
WRUBR
mmm————— e R et e e +
! 701 ! g3 1@! XR ! Y !
fmmmm————— e R T +

1his instruction loads user process context with the words at E and

E+l1. The format of the first word (E) is:

g
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
3p-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 €, ugdate the user accounts.
Load bits 1€-35 of E into the User Lase Kegister

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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RDUBK
RDUBK
o s ST TR . +
! 701 I 81 1@! XR 1 Y !
tmmmmm———— R S T R +

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 WRUBR
instruction, bits ¢ thru 2 are set to 1 and bits 3 and 4 are set to @
in E.
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CLRPT
CLRPT
fomm—————— e S +
! 7¢1 ! 62 '@! XR ! Y !
tm——————— ot m e +

This immediate mode instruction clears 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
pmmm e R mmmmpmm o +
! 701 ! 04 1€! XR ! Y !
$mmmm et T Tt mmmmm e +

9-JUL-8¢
Page 3-12

This instruction loads the exec mode context from the word at E. The

format of the word is:

6-1 Cache enable (Look and Load).

2 KL10 compatible paging (TOPS-20 see sec 3.5)

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

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

4 Trap and paging enable.

1€-35 Physical page number of EPT,.

3 will
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RCEBR
RDEBR
e i e +
! 7¢1 ! g5 t@! XR ! Y !
e e e T e bt +

This instruction returns the value given to WREBR and stores it in
the word addressed by E.
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WKIOP
WRIOP
b ——— $ommm—tmfmmmmpmmmmm—— e — - +
! 701 ! g6 te! XR ! Y !
fmm e T 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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ROIOF
RDIGP
fmmmmmm——— e s Rt T R
! 7¢1 ! 907 1@! XR ! Y
Fmmmmm———— R e e T .

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

-

9-JuL-8p
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stores

it in
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SWFIA
SWPIA
Frmm—————— $mmm—tofmm——d o mmmm————m——— o= +
! 7¢1 f 11 1@! XR ! Y !
fmmmm————— $=m ettt mmmmmmm———m— o — +

Sweep Cache, Invalidate All Pages

Set Sweep Busy and clear the valid and written state in all cache
entries. At the completion of the sweep, clear Sweep Busy and set
Sweep Done, reguesting an interrupt on the level assigned tno the
Lrocessor,
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SWEVA
SWPVA
Fmmmmm——— $ommmtmdmmm e m e — e +
! 701 ! 12 1@t XR ! Y !
e e T T e e +

Sweep Cache, Vvalidate R1l1l 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 EBusy and set Sweep Done,
reqgquesting an interrupt on the level assigned to the processor.
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SwPUA
SWPUA
et e St T e +
! 701 1 13 1@! XR ! Y !
$mmm e T T T T +

Sweep Cache, Unlnad All Pages

Set Sweep Lusy and write into storage all cache entries that are
the written state. Invalidate all entries (i.e. clear valid
written state). At the completion of the sweel, clear Sweep Busy
set SweeL [one, requesting an interrupt on the level assigned to
processor.

in
and
and
the
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SWPPT
SWPPT
pmmmmm Fmmm—d e m et mmm e o +
! 7¢1 ! 14 ¢! XR ! Y !
$mmmm————— s S T T T +

Sweep Page Table

Interpret the EA of this instruction as a physical 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 & WRUBk followed by the
Fager refill cycles caused by clearing
all of the hardware page taeble entries,
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WRSPB

WRS PR
pmm i e +
! 702 ! 10 t@! XR ! Y !
Fmmmm———— s St ST S P +

wWrite SPT Base Register

Load the word at E into the SPT base register.

BASE REGISTER FCRMAT

All base registers are 1loaded with a
rhiysical 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-JUuL-8¢
Page 3-20
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KDSFB

kDS PB
fommm————— R e T T +
! 762 ! ge t@! XR ! Y !
e ——— e o T S e +

Read SPT Base Register

Store the SPT base register at E.

9-JUL-8¢
Page 3-21
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EXEC
WRCSB

WRCSB
dmm - e p————t
762 t 11 1@! XR ! Y !
o ———— L T +

Write Core Status Table Ease Register

Load the CST base register with the word at E.

BASE 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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ROCSE
RDCSB
$omm e ———— e e T e +
! 7€2 ! 81 t@! XR ! Y !
tmmm—————- et B e e e +

Read Conre Status Table kase Register

Store the CST base register at E.

9~-JUL-8¢
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WRPUR
WRPUR
pmmm e —— i S b T . +
! 702 ! 12 1@! XR ! Y !
o ——— e R i TP . +

Write Process Use Register

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