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PREFACE

This manual describes the M9301 Booistrap,/ Terminator module and its various versions, Complete
understunding of the manual requires that the user have o general knowledge of digital circwitey and &
basic nnderstanding of PURP-11 computers, The following related documents may be valuable as
references,

FDP-11 Penpherals Handbook

PDP-11 Processor Handbooks

PDF-11/34, 1104 Tser’s Manual

PLP-11/70 Systems Manual

Drawing Directory B-DrY MA301-0 (for BOM listings)

in






{CHAPTER 1
INTRODLUCTION

1.1 GENERAL DESCRIFTIOMN

The MY30] contains a complete set of Unibus termination resistors along with 512 words of read-only
memory which can be used for hootstrap programs, diagnostic routines, and the cansole emulatar
routine. The module also pravides vircuitry for initiating bootstrep programa either on power-upy ar
from an exlecnal vr logic bevel switch closure. See Figure 1-1 for a photo of the module.

1.2 FEATURLS

Available fcatures depend on the variation used.

The MP30I combines Unibus termination and Booptstrap capability on one dauble height
ttodule.

Can be used in PDP-11 machines which can handle an excended length coodule in the terma-
falor slete, (The MO30L-YC can be used oaly in a PDP-11/70 system.)

Bootstrap progeams may be initiated by (he following means:

Direct program jumps ta the memory spuce opcupied by the bootstrap,
Progeammer's condgole load address and slari sequence,

Power restatts (Puragraph 2.3

[ixternal boot awitch closure.

halb

Frovides cupabilily of enabling or disabling bools on power reslariy.

Provides 312 words of user memary space which can be programmed hy the user ar pur-
chased with standard patterns provided by DEC,

The first pan chapters of this manval deseribe features of the M9 which apply o ali versons.
Chapters 3, 4, and 5 do not pertain Lo the -5C and -YT1 vecsions.

The remaining chaplers desl with the programming imfortation and sperific functions for each ver-
sion, One chaprer is develed entirely Lo each version, so that the reader need not search theough
ircclevant information to find what he needs.

1.3 PHYSICAL DESCRIFTION
The M0 15 a double height extended, 21.6 X 14 cm (B-152 % 5-1/2 ) Flip-Chip madule which
plugs o e A and B lerminator slols oo the PDI-11 back plane.

1-1
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L.d ELECTRICAL SPECIFICATIONS
Power Consumption +3 ¥do - 2.0 A typical

Flectrical Interfaces

The Unibvs inteeface iz standard using E837 and 8640 receivers and 3481
drivery,

L.4.1 Exteroal Electrical Interfaces
The external imlerfuce cunststs of three Faston wbs (TP, TF2, and TF3) provided ut the hundle end of
e module. The following loading and wasege constraints spply.

TPI]

rl

)

Represents one standard TTL load with a LK obm pull-up. Input should be stable
during u power-up, Refer (o Paragraph 2.4 for TP usage.

Beprasents two stindard TTL loads with a 1 kilohm pull-up resistor, Inpuot signals
shonld e Lumnited to a 100 ns minimum pulse width with all switch beunce noise
restricted to & 5 ms maximom duracion. WNote thatl triggering is initated upon
releass of an input low (logic 0 pulse, On all power-ups, triggering is disabled
until approximately 100 ms afeer power rewwrns (Paiagraph 2.7), assuming that +5
Yde will be avwlable from the power supply within 20 ms. 1t is also importane to
realize thel this input hus no high voltage protection capability and adequate
fillering must be provided when lacating this input outside the standard DEC
computer enclosure, Reter Lo Paragraph 2.5 Jor TP usage,

Should be used as a ground return for external switches attached 1o TPI and TR2.
Mate that there is no protection for large voltage spikes on Lhis inpul so proper
filters should be eaternally installed (o guarantee adequate isclation,

1.4.2 Elevicleal Prerequisites

Refer to Chapter 6

Prwer and Groeund

and following for systern vumstruints on the specific version being wsed,

Pinouts { Hefer to Tahle 1.1 for pin assignments.)

+5 ¥do: Pins AA2. BAZ
Crbv 12 Pims ACT2, AT, BO2, AT

1.4} Timing

Figure |-2 showys impartant fiming constraints for the M%301. Values shown wre typical.

144 Operating Environmenta] 5pecifications

Temperature Rangre

Relative Humidicy

59 C Lo 50° C

2% to B35 (withoul condensation)

LS INSTALLATION

Az a uiversul bootstrap terminatar module, the M9301 in its various versions, cun be udapted by the
user 10 meet a variely of boat requirements and system configurations. Mujor Tuctors that must be
cansidered during installalion cencern the address offset microswitches and the external oot swdateh,
Figure 1-3 shows the relationship between the switches and the lower nine bus address bils.



Table 1.3 M9311 Modifled Uinibus Pin Assigements

Fin

MnAl
AAZ
ABi
AB?
Al
AL
Al
AD7
AE1
AEZ
AFI
AF2
AHI
AHZ
Al
Al2
AK
AK2
ALl
ALZ
AMI
AM2
AN
AN
AP
AP2
ARI
AR2
AT
A2
ATI
AT
Al
ALT?
AW
AY32

Stgnal Fin ignal
BUSIMNIT L BAl SPARE
FOWER (+35Y) BAZ FOWER (+5 %)
BRUSINTR L BRI SFARHE
TEST POINT R TEST POINT
BUS Dol L BCt BUSBR AL
CROUND BC2 CROUND
BUSDO2 L Brx1 BAT BACKUP +5 ¥
BUS DOL L B0 BR 4L

BLiE DM L BEL IMWT B5Y M
RLIS 1303 1. BE2 FAR DET
BUSDOs L BFI BUSACELO L
BUSDOSL BF2 BLISDOCLO )
BUSDOEL BH! BUS ADI L
BUIS DOT L BH2 BUSANL
BUSDIGL BIl BUS ADF L.
ALNS D9 L BI2 BLUIS Al L
BUS D121, BK1 BUS AN L
BLISTI) L BKZ BUS Al L
BLUSTI4 L BLI BUS ADTL
BIISTDI3L BL2 BUS Al L
BUSPAL BM BUS AL
BLSTISL BM2 BUSADML
Pl BN BLSALLL
BUSFBL BN 2 BLS AL
P} Bl BUSAIIL
RL:E RBSY 1. BE:2 BUSAILZL
BAT BACKUF +15 ¥ BR1 BUSAILZL
BLSSACK L BR2 BLUSAL4L
BAT BACKUP -15 ¥ Bs1 BUS A1TL
BUS NPE L BS2 BLS A6 1.
CROUNEY BTI GROLND
BUS BR 7 1. BT2 BUSCI L
+20 Y BITI BUSSSYNL
BUSBR AL a2 BUS O
+20Y A¥1 BLIE M3YXN [
+20¥% Bz -5¥

1-4
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1.51 Fower-1!ip Rehont Engble

Axtomatic booting on all power-ups can be enehled or disshled wsing the POWER UP REBOOT
EhvalR switch (51-20 I this dip switch is set to the OFF position, the processer ill power up nor-
nally, vbtawining a new PC from memory bocation 24; snd 8 new PSW from location 26, When Lhe
swilch 15 im e O position Juting o puswer-up, the processor will oblain 18 sew PC and PSW from

locateans L7304 and 173026 respectively, The addreis of BOOT SELECT switches S1-2throupgh 51-10
15 1730024,

The funclion perlormed by the REBOOT ENABLE switch (81-2% ean be contralled hy an cxternal
switch using e Fuston lubs on the M930]1 module. This external switch closure should be made to
ground {enabling boor] using Faston twh TP as e ground retum. In the PDP-11704 und M, when
MOS momary is present with batlery backup, a4 balleey status indication signel s reneraled by (he
et supply, This signal should be attacked ro the POWER U REBDOT ENAR inpul {TPL) on Lhe
MSI0L. L thas status rignal goes low, it indicates that the contents of the MOS8 menioey are no longes
vialid amd miusl be relvaded, usually from seme mass storage devips, The M230I, sensing the status of
the memary, forces v hoot oo power-un, allowinge new dats ta be written into memare. Mot that
grounding TP will cvercide 56-2 1T the switch 1% ofl

If the buitery status input 8 high {lagic 1), the M83H will not automaticully baat on power-up, and
executivn will begin at the sddress specified by location 24,
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1.5.2 Low ROM Enable
This dip switch (81-1), when set (o the OFF positien, prevents the M9301 from responding to the

Unibus address range 765000 through 765777, See address mapa for the apecific verzions to see how
each version is alfected by S1-1.

1.5 PBout Switch Selection

I oreder o select bootsiraps Lo be fun on power-Ups and external baoat enables, eight dip switches (81-3
through S1-10) are provided an the M9301. Tablés in Chapler T and following chapters show switch
configurations for the various options supplied by each version.

1.54 Extermal Boot Switch

A device cun be eaternally booted wsinp the EXTERNAL BOOT input on Taston tub TPZ, Ti this
input 15 brought Lo ground, BUS AC LO L will be uctivaled ceusing the pricessar te perfonm a
POWEER FAIL. Upon relurning 1o a logic 1, this inpul will deactivale BUS AC LO L initiarting a
power-up sequernce in the CPU. Fasion tab TIP3 should be used a5 a ground eretuen for he exlernal
kool switch, Note that the power-down trap vestors to locations 24e and 26,
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CHAPTER 2
HARDWARLE DESCRIPTION

2.1 GENERAL
All versions af the M230L are physically and electrically idediica] with the eiception of 1he ROMs 1hat
are Used; and the bardwarce descriplion which follows applies to each of them. Yarious porticns of the

ciccwiley will be analyzed separately for clarity, MM9301 circuit schematics (8 MP301-0-17 will be
rederenced throughout the description,

1.1 DEFINTTION OF TERMS

Boolslrup Progrem

A boolstrap program is any program % hick losds snother (usually larger) program into computer
metiory from a peripheral devics.

Bootstrap
Hootstrap and boatstrap program are used interchangeably,

Buot
Buor is u vech which means to imitiate exeeution of 3 bootstrap program.

NOTE
Some processors have a feature which cnables thwetn
to seleet power Fuil vechors. A rectar of 24, will be
used 10 1his discession Ter the suke of simpliciiy.

13 POWER-LFP SEQUENCE

Typicully all PDYP- 11 computers perform a power-up sequence cach time power is applied to their CPU
moduleis). This vequence iz a5 Mollows:

+3 Ve comes true

BUS DT LO L unasseried hy power supply

BLIS INIT asserted

BU'S AC 1O L releascd by power supply

Processor aceesses memory location 24y for new PC
Prucsssor ucessses memory location 26y for new PSW
Processor bemns rurning progrum at new PC conients,

e BT S

With an KM930] Bootsirap Tenninater in the POP-11 pomputer system, on power-ups the user cah
optionally farce the processar to read ils new PC from o ROM memary logation {Linibus lacation
T7AI24,) and offser swirch bank on the MS30E on power-up. Switch $1-2 on the MY30] can enable or
disable this festure, A new PEW will also be read from o lovetion (Unibus logation 773026,) in the
M3I0E memory, This new PC and PSW will then direct the processor i a program (typically s bogt-
slrap) in the M9301 ROM (Unibus memory locations 773000 theough 773776,



If switch 51-2 is turmed ofFf, disabling power-up booes, an eaternal swilch or logic level can be used 10
fores the processor (0 execute 2 boot program.

24 POWER-LF BOOTING LOGIC

The status of the PDP-11 posrer supply is described by the two Unibus concrol lines BUS ACLOL
and BUS D LO L. The condition of thess two lines in relation ro the +5 ¥ ovtput of the power
supply is defined by Unibus specifications as summarized in Figure 2-1,

POWER DROWTY POWER UP

AL AWER —'t
sl | ]I_'

b LO

|

! 1
3 1
! 1

EFC FEFAER | m

1 1
I I
1 1
| |

Cry TRAPE CPU Thaks
11-i070

Figure 2-1 Power Fail Sequence

2.4.1 Power-LUp aod Power Down

On the MP301, power-up sequences are detected by the circwitey shown in Figure 2-2. When +5 ¥ first
becomes lrue, bolh BUS AC LO and BUS DT LO are asserted low. Assuming the POWER UP
EEBCOT ENABLE switch {51.2) is ¢losed on, flip-flop E29 will then be set. When BUS DC LO L
s high followed by BUS AC L L, this flip-flop i3 then cleared, generaling o low-lo-high Lransilion
on the cutput of K20 (pin 13), This transitian triggers the ong-shal E2] which asserts Unibus address
lines BLIS ADY 1., BL'S Al L, and BUS Ai2 L through BUS AT L for up to 300 ms.

24.2 Pracessor Reads Mew Progrum Counler

Lruring the 3043 ms time—put of E2L, the central processor will e perflorming its power-up ségquence.
When the processor altettipts o read a new program counter [PC) address from memaory location 24,
the adilress bits enabled by the ane-shot are logically ORed to generale 1he address 773024y, This
lycalion huppens to be an address in the M9301 ROM spuce which contains the starting address of a
specific boot couting,

243 Processor Reads New Seatus Word

Hawving obtained a new PC froln location 773024y, the pracessor then aliempis (o redd 8 new prooessor
status word (PSW) Trom memory location 26y, The address bits enabled by ane-shot E21 are togically
ORed to penerule the address 773026, which iz alsa in the M9301 ROM address space, Once this
trunsler is completed, the removal of MSYW from the bus will gencrae an ARDR CLR L signal
which clears Lhe one-shat (k21) time-gut, removing address bits BLIS A%, BL)S A0, and BUS A2
Lkreugh BUS A17, The 300 ms fime-put length of B21 was chosen to guatantes enough ume for apy
FPDP-11 processor (0 complete the two memory transfers described hefore releasing the address lines.
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Figure 2-2  Power-Lp Baot Lagic

144 Power-Up Rebant Enable Switch

The POWER TP REBOOT ENABLE swilch (§1-21 can be usad 1o disable the logic shown in Figure
X2 With this wwitch open, the clear inpul 1o flip-Nop E?® will always be low, preventing it from ever
heine sel on puver restarls. Faston b TP i3 provided o allow switch 51-2 to be remotely controlled.
Mule thul when un external switch is used, 51-2 must be lefl in the OFF position,

25 EXTERMNAL BOOT CTIRCUIT

The processor can be exlernally acuvaled by proundicg LThe Faston tab TP2 input, as shown in Figure
2.3, This low inpul 2213 flip-flop E13 which 1then genecates a BUS AC LO L signal an the Unibus,
Upon seeing this sigaal the PDP-11 processor will begin a power-down routing, antigipating a real
power failure, Afier completing this routine. the processor will wait for the release of BUJS AC LO 1
at which time it will perform a paveer-up sequenee through logutions 24, and 26,.

When the EXTEENAL BCOT inpul switch 15 released, the one-shot E2] 35 Lriggered, causing ao 8 ms
time-our, and e ¢l inpul 1o flip-flop EL3 is removed {Figure 2-4). At the end of the one-shol time-
aut, flip-tlop K13 is ¢locked low, releasing the BLUS AC L L line and firing the 300 ms one-shot [E21},
The progessor then s foreed to read ics new PO and PSW from location 773024 and 773026
respectively,

28 POWER-1TF TRANMSFEE DETECTION LOGIC

After BUZS AC TO L and BTTS 10 L0 L have performed their power-up seguence, the logic shown in
TFigure 2-3 sounts the Mrst two DATT transfers on the Unibuy and penerates a 75 ns pulse on the CLE
ADDR L line. The two Unihuys trensfens perfarmed will ke to oblyn @ new PC and PSW as previously
described. The CLE ADDR L pulse resulling will Be used 1o clear the one-shot EX1 shown in THeure 2-
2, releasing bus address line BUS A0, BUS ALD, and BUS AL2 theough BUS AL7.
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1.7 POWER-UP CLEAR

The circuil shown i Figuee 2-6 i3 included on the M3301 to guarantee that specific storage elements
on the module are eleared when power is first applied. The PWER CLE L signal will be held low for
approximately 70 ms after the +5 ¥ has returned, assuming that the +5 ¥ supply has a cise time of less
than 20 ms, The exact peried of time for holding PW K CLR L is 2 funetion of the nse time of the +5 Y
pawer supply,

BUELNITL —— +5u
H A11
1 I 4.TH
I'_}f[ A pnan W3 n
L] . 11
+ Bl iy EXC 8881 PRAUPCLAL
o2 —"‘; 12

MuF T H
1
03
Lng4 M-t

Figure 26  Power-Un Clear Logie

2.8 ADDRESS DETECTION LOGIC

241 BMBH Address Space

Figure 2-7 shows the complete Lnibus address detection logic on the M3, The purpase of this
gircuitry is to detect Unibus addresses within the address space of the M93001: 773000, — 773777, and
TosHy - 765777, and to recognize the specific addressgs 773004, and 773026, for the power-up circuit
previausty deseribed.

282 M9 Memory Aceess Consiratots

The circuirey shown in Figure 2-7 derermines when the M9301 ROBM address space is being acccssed,
Upan recciving a recognized Linibus address, and BUS M3Y N, the ROM date outputs are enahled
onte the Unibus dats Iines (BLCS 130 Lo - BUS 5 L), and BUTS 85% W L is cnabled 2000 na later.
Condiiions which must be met before gnahhng the ROM daeta and returning BUS 58YN are as
Tollows:

1. Detection of the Linibus address 763X XX [dependent on position of the L ROM ENABLE
switch Si-1)ar 773X KX,

2. Transfer beinp performed 15 w DATT operulion where BUS C1 L is not esserted.
d. A BUS MSYWN L conrrol sipnal fhas been obiained.

143 Low HOM Epable Switch

The LOW REOM EMNABLL switch (81-1) shown in Figure 2-7 albows the user to disable the M%301
delectivn of Tntbos sddresses 765000 throwgh TEITTT, Disabling the detection of these addresses (81.1
& wel Ly OFF pusitivn] becomes essential when that memory space is being nsed by other peripheral
devices in the system. Foo M9301 modules cootatning standurd DEC programs. users should nate

what proeram fealures will be eliminated by disahling M9301 address locations 765000 through
THETTT.
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284 ROM Address Generation

Logic shown in the lovwer half of Figure 2.7 performs two funetions, First it reczives the nine sddress
inputs for the 9301 ROM memory (765XXXL and A0IH through AORH). Second i detets the
[nibus address 773024 and generates the offack switch enable signal ENAR JUIMF L.

1.9 ADDERESS OFFSET SWITCH BANK

As previously mentioncd, on power-up, the M930L processor oblains its new PC from location
773124, instead of location 24,, When the M9301 address detection logic decodes address 24, it
enahles {¥is ENAB IT.MP L) the address offser switch bank (Figure 2-8). The contents of these switch-
e, combined with the contents of the specified address in M9301 ROM memary, produee a new PC
[or the CPUI. This new PC will point the processor W the starting address of a specific program
(usually a bootsteap routine) in the MY301 memory. Several programs can be included in the M3
memory with any one being user selectable through the address offset switch selection.

Example:
RI1930] ROM address 773024 contains 17300
CMTset switch bank containg 254
Mew PC rcead by CPU 173254

MOYTE
A switch in the 0N position = {0,
& switch in the OFF position = 1.

See Fipure 1-3 for the relationship of the address offsel swilches ta (ke bus address Biks.

210 ROM MEMORY

The heaet of the 19301 &5 the 312-word ROM shown in Figure 2.9, It is composed of four 512- % 4-bit
tristate RO Ms organized in a4 512« % 16-bit configuration. All four units share the same address lines
and produge 16-hit P1XP-11 instructions for cxecution by the processor,

All Tour sete of ROM putputs sre always enabled, sa that any change in address inputs will cesull in 4
change i the Unibus duts hnes when the ENAB DATA signals in Fipure 2-7 arecnahled, For further
informatien on MY9301 compatiblc ROMs, consult Chapter 6,

bI9301 users that program their own FROMS should note the following programming constraines.
I. There is ne address ot data qutput translation required.

2. L'nibus address locations T73000: through TTITTE: are tocated in the Jower 256 words of Lhe
FEOM, These addresses constitule the upper portion of the PROM. as Tur as the rest of the
systom is goneerned. however, Unibus address locations 765000, through 765776, are resi-
dent in the upper 255 words, These addresses consilute the Jower PROM uddresses wilh

relutivn Lo the system, however, and are enabled and disabled by 51-1, the LOW ROM
EMABLE swilch.

& When coding PROM patterns, data bits THN through DOE must always contain the inverse
of the data cequired, lo ¢comnpensate for the extra inversion logic included in the B930]
affser awitch cicowtey.

4. PROM lagation 773024 bits DOI through DOBE must be logical 13 lor the offsst switches o
warh caregetly,
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111 X901 TERMINATOR

The terminator section of the M9301 conwmists of [our resstor pack circuils, cach contaming the
requited pull-up and pull-down resistors for proper Unibus termination. Since PDP-11/04 and PDP-
11/34 computers incotporate HUS GRANT pull-up tewistors on the processor modules, space has
been lefl oo the M9301 for five jumpets (W1 through W5 which allow 1he wser 1o decide whether or

not to include BUS GRANT pull-up redistors, The M2 BUS GRANT jumpers musl be installed oo
tll modules which are used to replace an M930.

Cawtion should be taken when inserting M9301 modules in various PDP-11 computers, 1f the proces-
207 in question does not have BUS GRANT pull-ups on the CPU, jumpers W1l through W3 on the

M®0]1 should be inserted or the M9301 should be positioned at the end of the Unibus furthest from
the CPL.

A good mule of thumb s thul the jumpers should be installed when the M230( is vsed in place of an
M50 ar equivalent.
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CHAPTER 3
THE CONSOLE EMULATOR

3.1 GEMNERAL

The ¢console emulator routine 15 & standard part af the firmware for the M%301-Y A, -YB, -YE, -YT,
and -Y.| options. A& simphhed vperator's Oowcehart s presented im Figuee 3-1 1o give the reader o
wnified picture of the rouline.

A2 SYMBOLS
A st of the svmbaols used follows.

Rectangle: indicates an avtomatic operacion performed by the machine.

Diamond: indicates 8 decision, an sutomatic operation which can take either of two paths
Jepending on how the gueston slated withio 1he diamond s answersd.

Traperaid; indicates operator action. the moving of a switch or the typing of keys.

33 USING THE CONSOEE FMLULATOR

With switches 51-1 through 51-14 set in the ON position the system will exesute 4 normal console
errulintor porwer-up routine when power 15 supplied or the boot switch ia presaed. Diagnaostic tests 1-5
will mo firsl. Ao error will cause the processar to loop. Completion of these disgnostic tests will be
fallowed by the register display routine. RO, B4, Ré, and R3 will be printed out on the teeminal. A §
siggn. will be printed at the beginning of the next line on the termunal, indicating that the console

emululor routine iy waiting for inpat from the aperatar. [n the diseussion that follows, the following
symibols will be used.

(B); Space bar
(R} Carriage requra key

X: Any octul number -7

The four console functions can be exercised by pressing kevs, us follows:

Function Kevboard Strokes

Load Address TLEMX XXX XX (CR}
Examine E(5H)

Drzposil DEHMXX XXX X{CR)
Start S{CRY
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The first digit typed will be the most significant digit. The luat digit typed will be the least significant. [f
un address or data word contains leading zeros, these zevos can be omitted when loading the address or

depositing the data. An example using the load, examine, deposit, and start functions follows. Assume
that 3 vser wishes (o

Turn on power

l.oad gddress 700

Examine location 70
Deposil 777 into logation 7K
Examine location 700

Start at location TOAl.

S b el =

To accomplish this, the follawing procedure must be followed.

Opergtor Inpul Terminal Display
[. TUERNSONPOWER AN AN AN XN
2. L{SB) 700 (CR) SL 700
3. F(5H) $F 000700 XK XX
4, MSByTTNCR) D
3.  E(5B) FE GO0 000777
6 S(CR) 55
NMOTE

The console rmulator routhne will oot wark with odd
addresses. Even numbered addresses must always he
used.

A.3.1 Snccessive Crperations

3.3.1.1 Examine - Successive examine operations are permitted. The addeess is loaded for whe first

examine onlv. Successive exsming oparations cause the address to jacrement and will display con-
seculive addresses along with their contents,

For example, to enamine addresses S00-504:

Operatar Inpat Terminal Display
L(SB) 30 (CR) L 500

E(5E) SE QDS XX XNMK
EiSD) JE 000502 XXXXXX
E{SB) FE GO0O504 KX KX XX
E(SB) $E Q005056 KX XXKX

L30T Deposit — Suceessive deposit operations are permitted. The procedure iz identical to that used
with ¢xaming,

Tor example, e deposit 60 indo locelion 500, 2 inte focetion 502, and 4 inte location S04

Qperalor [oput Terminal Display
LISB) 500 (R} 3L 500

D{5B) 60 (CIY 30 60

M5B 2 [CR) LY R

L SB)y 4 [0RY 304
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1.3.1.3 Alternate Deposit- Examine {)perations
This mode al operation will not ingrement the address. The address will contein he lust data which

way Jdeposiled.

For cxample, 1o load address 500 and deposit 1000, 2000, and 5420 with examine operations afier

every deposit:

Uperator Inpot Terminal Display
L{5H) 500 (CR)Y $L 500

D(SB) 10 {CR} D 1000

E(5B}) SE OOIS00-001 000
D{5B} 200 {CR) 3D 2000

E(SH) $E Q00500 (02000
D(5E) 5420 (CR) 3D 3420

E{SB) BB OO0 Q03420

2304  Alterpate Examine-Deposit Dperations

If an examine is the Grsl instruclion afler 2 load sequence, and is alternately followed by deposits and
examines. the address will not be incremented, and the address will contain the Jast data which was
depusited. The above example applies (o this aperation, and with the exception of the order of examine
and deposit, (he end result is the same.

33.1 Limirs of Cperation
The MY3)] conacle emulater routine can directly menipulale the lower 28K of memory and the 4K

1/03 page. Sex Chapter 5 for ad explanatton of technigues required to access addresses above the lawer
K.

14 BOOTING FROM THE KEYBOARIY .

Cinee the 3 symbol has been displaved in response to system power-up, of pressing of the boot switch,
the system is ready to load a booistrap from the device which the operator selects. The procedure is as
follows,

1,  Hind ihe 2-churacter boot command code in the appropriate chapter that corresponds to the
periphere] Lo be booted.

2. Load paper tape, magtape, disk, etc. inte the peripheral to be booted if required.

Lad
'

Verify that the peripheral indicators signify Lhat the peripheral is ready {if applicahle).
4. I'ype the 2-charucler code obtained from the table,

5. If there is mare than ang unit of & given peripheral. type the unit number to be booted (0-7).
If no number is typed. the default number will be 0.

=

Type (CR); this initistes the boot,
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Bzfore booting, always remember;

l.

[

34.1

The medium (paper tape, disk, maplape, cassette, ete,) must be placed in the peripheral w be
boated proior o booting.

The machine will not be under the control af the console emulitee routine after booting.

The program which is hooted in must:

A, Be self starting or

b, Aliow the user Lo load wnother progeam by using the CONT fungtion or
¢, Bz sturtahle from the console emulator afeer having been hooted in.

Aclualing the boot switch will always ahort the program being run. The contents of the
penerd] repizters (RI=R 7} will be destroyed. There is Ao way te conlinue with the program
which was aborted. Some programs are devigned 1o be restarcable.

Hanting the High-Speed Reader Using the Console Emulator

To load the CPU disgrostiv for ua 1134 computer system with a high-speed reader, perlarm the
falluwing procedurs.

l.
1

Place the HALT/CONT switch in the CONT position,

Obluin 2 F by etther Lurnine on svsten power or aclualing the boor, (RO, R4, 51 and old Pi
will be printed prior 1o Lhe 5.)

Place Lthe absolute loader paper tape {coded leader section) in the high-speed reader.

Tyvpe: TR (CR)
The absolute [pader tapg will he loaded, and the machine will halt.

Femove the uhsolule Joader and place the leader of Lhe program, in this case 2 CPL diag-
nslic. 1 the Teader.

Move the HALT JCONT switch to HALT and then return it o CONT. The disgnostic will
b Toradded und the muchime will hell {normal for this progrm; non-diggnostic progroms may
ar may nol be selfsiacting).

If pragram is not self-starting, activate the BOCYT,/ INIT switch. Thas will restart the consale
EmLulatar reutine.

Uzing the conscle emulatar, deposil desired fanctions inta the soflware switch regislar {a
memory Address) location. (See the diagnostic for the software switch regisier's actual loca-
tion and signiftcance.)

Lising the consale emulator, load the starting address, and start the program as deseribed
earilier i this section.
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3.4.2 Booting a Disk Liging the Console FEoulabor

To boot the system’s RK 11 disk, which cootaing the CPU diagnostic that you want to run, perform the
fnllawing pracedure,

1. Vernfy (ko the HALT/CONT switeh is in the CONT position and the wrte lock switch on
the RK11 penpheral is in the ON position.

2. Turn on system power of press the vonsole bool swilch. The svslem terminal displuys RO,
E4, 31 and old PC which are octal numbers, foblowed by a & on 1he next line.

3, Place the disk pack in drive 0,
4. When the RKG load Light uppeary, the sysiem iy ready o be booted.
5. Type DK {CR)
This causes the loading of the bootsirap routine inte memorny and the sxecution of that
Touting,
fi.  The pragram should identify itself and initiate o dialogue (which will pot be discusaed here).
35 RECOVERING FROM ERRORS IN THE ('ODNSOLE EMULATOR ROUTINE
Tahle 3-1 desuribes the elTects of entering infocmation incorrectly (0 the console emulator routing, The
following symbals wee nsed in the table.
{9 — Represents 4 non-ocial number (§ or 9)
(%) - Represents:

I, Al keys (other than humerics) which are unknown

2. Kevs which are konown but do not constifute a valid code in the conteat which they ace
cntered,

Reler to previous sections for a discussion of the correct method operating the consele emulator
rouiine.

Escape Roule

ITan entey has nat been compleced and the wser realizes that an ingorrect or unwanted characier has
been entered, press the rub out ar delete key, This action will void the entice entry end allow 1he user Lo
try again.



Table 3-1 Deposit Errors: Usefel Examples

Error Rcsult Remedy Opceator Termiml
L wus followed by a Perrnmal display will Try azuin 14457 3L
key ulber ¢l (5B imincdiately roturm a 5
te signiiv an unkmaws
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Table 3-1

Deposit Errors: seful Examples | Cont)

Lrror Hesult Hemedy Operarar Terminal
Losed wddress and number Machinoe will wait Twpe (CR) LISE XWX XM PL XXM ME
e enlered cerpeclly, [CRY] indelinitely ler (CR]. [CR) PN NCR
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otier than pace. |r|'.r|1u-:li.31.=!}' raluen o § b
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sl e K
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Teezatsom wltizh & kiglie et
than the hizheel seailable
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Tgahle 3-1

Deposit Yrrers: lseflul Examples {Coni)
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CHAI'TER 4
BOOTSTRAPPING - M9M1-YA, -¥B, -YE, -YF, -YJ

The routines to bootsicap a device typically read in the first sectar, hlock, or 512 words from the device
e location 0 through 317 of memaory. The exception to this tule is the puper tupe bool. The paper
tapc boot 15 unigue in that it cen do oo error checking and the 2econdary boolsirap (the absolue
loader, [or exampled 35 reud inle the upper pact of memocy. The aclual locations loaded by the paper
tape bootl are partiaily Lelermined by the secondary bootsteap itsell’ and by the size routinge which
delermines the highest available memory address within the first 28K, The flexible disk {or foppy?
reads sector | oon teack | inwe consecwtive locations starting at 0. The magnetic tape boots read the
second Block into consecutive locations starting at (0. 1f no errora are detected in the device, the bowot-
strups normally transfer contral to locatian ©in order (o execute the seconduary bootstrap just Joaded.
The only exceplion o this starting wddress concerns Lhe paper tape boots. They transfer contral (o
lpcaiion XX X374, where XXX is determined initially by the size rowtine to be ar the 1op of memory,
This s where the absalule loader has jusl been loaded.

Ii o dewvice ecrot is detecred. a reset will be execuced 4nd the bootstrap will tey again, The bootstrap will
be reteicd indefinitchy until it sucezeds withaut emror unless the user (operatar) intervenes. The advan-
tage of ceirving the hoat is ¢hat if a particular devies heing booted is nod an-hine or not eaded, perhaps
because of a power failure, the hoot will give the devics u chunee e power up (for disks this 2
essen Lial).

A magnetic tape transpart, however, will ot sutomatically celowd ilsell afler o power fuilure and
testart. This situation requices wser intervenbion. The usee must eload the maptape acd bring it back
an-line, a1 which time the maplaps baalslrap, which will have been comtinually attempeing to oot the
Lapts. will succesd.

Note thar the only way to boorsteap & device deive (unit or transport) other than drive 4 is by entering

the consale emulator to spegify the drive number desired. Ctherwise the hootstraps will defaolt te drive
1l, This meuns that anly drive 0 al @ devics can be hootstrapped without gperator mterventioen.
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CHAFPTER 3
EXTENDED ADDRESSING

2.1 GENERAL

This chapter apphes to use of the MY30I-Y A, -Y R, -YE, -¥F, and =¥ in PDP-11 systems which have
ni consale. When the memary of g PIIP-11 system is gxtended beyond 28K, the processor is able to
peeess upper memary Lhrough the memory management system, However, the console emulator nor-
madly akbows the user Lo access only Lhe lower 25K of memary. This chapter pravides an explanation of
the methed by which the vear can gain access Lo upper memary o arder Lo cead or modily the contents

of any tocation, The reader shoutd he fareiliar with the concepz ol memeey manasernent in the KO-
E processor.

22 ¥IRTLU AL AND PIINSICAL ADDRESSES

Addresses gencrated in the processor ace called virtual uddresses, and will e 16 bits in lengih. Physical
addsesses refer to aciual lecations in memory, They are assected on the Unibus and may be up 1o 18
bils in lenpth (for 124K memories),

3 ADDRESS MAPPING WITHOUT MEMORY MANAGEMENT

With memery teanegement disabled (s b5 the case following depression of the boot switch), & simple
hardware mapping schems converts virtual addresses 10 physical addresses. Yirlual addresses in the 0
to 2WK range are mapped dizectly mto physicul addresses I the range from Q1o 28K, Virtewa] add resses
om the 10 page, in the range fcom 23K 10 12K [ [80000=177776}, arc mapped into physical addoesses
in the range from 124K to 128K,

5.4_ ADDRESS MAPPING WTIH MEMORY MANAGERMENT
Wilh memory management enabled, s different mapping scheme iz used, In this scheme, 4 relacation
cohstent is added to the victual address to creme a physical or “relocated™ address.

Virtual address space consisls af eight 4K banks where each bank can be relocuted by the relacation
comstant associated with that kank. The procedure specified in this section sllows the vser to:

[, Create a wirtpal address 1o eype into the Joud gddress command.

!:-_'l

Deterimne the relocation constane required we relecate the calenlared vietual address inwe the
desited physical address,

1. Enablc ar disable the memory managemens hardware.
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55 CREATION OF A YIRTUAL ADDNIRESS

The easiesl way Lo create o virtual address is 1o divide the [#-bit physical address into twa separate
fields - a virtual address and a phyvsical bank aumber, The virtual address iz represented by the lowes
|3 bits and e physical bank by the wpper 5 bits. The lower 3 bitz of the physical bank number (bits 13,
(4, 15) represent the virtus] bank number (Table 5-1), Thos if bita 13, {4, and 15 are all 3s, the virwal
bank selected is 0L The user shoukd calewlate the relocation constant according to Table 5-2. He can
then deposit this eanstant in the relocution register associated with virtual bank {1 (Tyhle 5-17.

Table 5«1 Undibus Address Assignmients

¥irtwal Relication | Deseriplor
Virtual Address Baok Repister Hegister
1600 L TTITE T 172356 172314
TN 15T 76 fi 172354 172314
120HK)-E377 76 5 | 72352 172312
[000)-3177760 4 172350 172310
Oa00D0-0T 7 T8 3 172346 172206
MO0O0-057T78 2 71344 | 7230
Q20000037776 3 £72342 173302
QOO 0L 7778 L 72340 172300

Table &2 Relocation {onstunis

Fhysical Kelocation Physical Relocation
Bank Mumber | Conslant Rank Mumher |(Canstant
n DTS00 17 (03600
15 (74100 i (13400
15 [X172IK) 15 LIEW{E Y
3 AN Y 14 TR}
11 O0G60] 13 CHITACH)
32 0G40 12 (2400
3l L L1 (3022060
30 LT t0 LA LY
27 CHSH0HD T M ]a00
26 R & M 40)
13 {H520H) 5 (YK 208}
24 (K500 4 CO0H O
23 00 S0HD 3 Q0G0
22 EASELLY 2 T
2] (X200 | (KMI24H)
20 (KNI | (KWHN0

One celocation register exivty for sach of the eight virtual banks. In sddilion we the relocation regiaters,
each bank has its nwn descripter register which provides infommation regarding the types of access
allowed (read only, read or write, of A0 IECEES),
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The memory management logic also provides various forms of protection againgt unawhorized acoess,
The earrespanding descriptor register milst be s up along with the relocation register to allow access
anvwhere within the 4K bank.

For example, assobe o User wishes to access location 533720, The normal acesss capability of the
congele is 0 to 28K, This address (3337200 iz betwesn the 28K limit and the 1/0 pape (T60000-TTTTT6),
and consequently must be ageessed a5 a relocated virtual sddress, with memory matapemenl enabled.
The virtual addeess is 13720 in physical bank 25 wnd in dercived as Follos.

AN lopations in bank 2% may be uocessed theough the virtual addresses DODOD)-017776, The relocation
and desceiplor reristers in (he processor are still accessible since their addresses are within the 10
page. (Mote than aswess to the 1,0 page is not sutomatically relocated with memory menagement,
while sccess to the 150 page is automatically relocated when memory management s not used.)

The relocation vonstant Jor physical back 25 i J03200. This constanr i3 added in the relocation unit 10
the viewal oddeess, as shown, vielding 533720,

HaTn Virteal address
SFHK) Helacated constant [Tahle 5-2)

533720 Physical address

The Unibus addresses of the ralocarion regisiers and the descriptor registers are given in Table 5-1. The
relocation constant to be loadad imo 1he eelocation register for each 4K bank is provided in Table 5-2.
The datp o be loaded in the descripior cegister to provide read,/ write access 10 the full 4K s always
L7 7,

The Unibuz address of the control register te enable memory mengement 35 177572, Thas register iy
loaded wich the value BX0E 1 enable memory management, end loaded with O 1o disable 1.

T eamplete the example previously deseribed (accessing location 5337200, the eansole routine would
b as Tollows:

51. 172340 £ Agcess eelocation register for virtual bank
%02 SN # 1Jepasit gode for physical bank 25,

£L 172356 £ Avcess relocution register for virtual bank 7,
D TEdN SDepasit code For the T/0 page.,

iL 172300 S Accmss descnptor regisier, wirtoal Bank .
5D T SDeposit code for read Swrile locess lo 4K
FL 172314 £ A peess descriplor repister, virtnal bank 7.
§L3 T14IM S Deposit code for read fwrite acoess to 4K,
5L 177572 S A coesa comtrol register.

5D L SEnuhle memory management.

5L EITI0 SLowd virtual address of locetion desiced.
SE SExamineg the duta in locatien 533720

SData will be displayed.

56 CONSTRAINTS

Luwding a new relecation constant inle the relocation regiater for virteal bank € will cause wirmal
addresses OOMN-017776 o access 1he new physical hank. A second hank can be made accessible by
losding the relocation sonstant and deseriplor dela inke the celocatinn and deseriptor registers for
vittual bank 1 and azecssing the location throuph virtwal wddeess Q20000-037774. Seven banks are
aeeessihle n this manner, by loading the proper conslants, setling up (he deseriptor data, and selecting
the proper virtual address, Bank 7 (570 page) must remain relocaled 1o physical bank 37 ay iL i
accessed by the CPU to execute the console emulator routine.
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Memory management is disabled by clearing (loading with 0a) the contral register 177572 [t should
always be disabled prior to typing 4 oot command.

The start comimund aulomatically disables memory managemet and the CPL) beginy executing al the
physical address corresponding to the address specified by the previous load nddress command. Press-
ing the hoot switch avtomatically disables memory management. The contents of the relocation regis-

ters are not modified.

The HALT/CONT ywilch has no effect on memaory olanagement.
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CHAPTER &
MY30n1-0

]l GENERAL

The MY -0 has been created 49 4 universul hootstran device which allows the user b program amid
imatall customized 5172- X 4-hit PROMs. This module version comes with foore 16-pin TC (interraied
emcuit) seckets in place of the ROMs normally inserted on other moduole versiens. When contiguring
FROM bit patterns (or the M9301-0, care should be taken 1o armanpee them oo meet the addreess and
st autput pineuls on the moedule {Parageaph 210

The switches far this version are hardwired in the same way as the swiiches for the other versions
{Paragraphs 2.4, 2.8, and 1.W). However, the wser will have to determine how he wants to set the
switches, depending an the programs he hlasts mta the FROMs and the program starting locations he
sebects.

6.2 PROM FROGRAMMMING PROCEDTRE

The PROM 3 manufactuved with logic leve]l Os in all stocage locations. 1n order 10 progratn 2 e
lzecl 1 at a specified bit, the ROM programmer must electrically alter a bit at logic bevel Dta logic level
1. There are 2045 buts wiich are organized as 512 words of 4 hits gach, Figure -1 shows a PROM pin
diapram. Tigure £-2 15 8 Block diagrum showing the logic imternal ta the PROM.

TAF YHEW

o S

ADOARESS &G| 1 1% | Voo 8U PPLY VIPLTAGE

ADOAREBS mBE 18| &7 BDCRERE

[z
ADDOHEES lﬁ.d-F 3 14| an ADDRETE

BDORESE AZ] o Ct L{HIF ENABLE

(rlle] 2] [51 5]

AOURESS mE 1| @1 JUTRUF
ADDRESE A1 E E G2 OLUTFUT
LODFEFS R E E 03 auTPUT
GrD [I 3 4 DOUTPUT

L

Figure 6-1 PROBM Pin Connection Dhisgoam
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Figure 6:2  PROM Internal Logic

6.2



CHAPTER 7
M9301-YA

.1 INTROLNICTEIN

The MY301-Y 4 5 designed specifically for POOP-1] /04 and PDP-11;34 OEM systems. The ROM

ruutines include basic CPL and memory CGO-NO GO diagnostics, a console cmulator program. and a
specific set of hoolstrap proerams.

The anby phvsieal difference between the M930L-YA and the MP3000 module 32 (hal specielly preo-
grammed ristate 312- x 3-bit ROMS are inseried in the 16-pin dip sockels of the M9301-0. Fipure 7-]
it a mrogram memory map of the M3300.Y A module, and it lists the naiure of each diagnostic test in
the R{¥ds. A program listing for the ROMs may be found in the M930] engineering drawings.

173777
NS GLE EMULATOR
kil BAJTETRAF
HIds DM RPF11 aUSTSTRAR
1611 BOGTETRAF
™ 1 EOOTETMAR
oLii BEOOTSTAAP
PG BOOTSTRAP
AT
166777
OlAGNOSTIES
' TR EOCTSTRAF
LW RSM AX11 BODTETRAP
195000

11063

Fipure 7-1  Program Memuory Mup for the MO301-YA

7.2 BOOTSTRAP PFROGRAMS

'|'|'|_t:l cx:llmmands- which ven be used to cull the bootsiTap progeams frem the console emuolator wre listed
in Fakle 7-1



Table T-1 Bosirap Routine Codes for the M9301-Y A

Drerice Description Command
RK1] Disk Cartridge Ok
RP1E R MR 03 Disk Pack bDF
TCLI IZECtapc DT
THILL A bpi Magtape M1
TAll Mupnetic Cassetle CT
RXLL Diskelle DX
DL ASE-33Telelvpe TT
PC1 Paper Tape PE

An esplanslion of the functions performed by the various botstrap programs follows,

RX11 Imskette Bootstrap - Loads che first 64 wcerds (200 bytesd of dala from track ene, secior one

intoo memary locations D-1T6 beginning at location O, §F location O does nol conlain M0, the boat is
restarted. Restarts will occar 2000 times before the machine is halted automadically.

TA11 Cussette Bontsirap — This beotstrap is identical to that of the RXL1 except thar data is loaded
[racn Lhe cusselle bemioning of the second block.

PCLT Paper Tape Reader Bootstrup - Loads un whselete loader lormatied tepe intn the opper memaory
locations XX X740 qo0 XXXTTY (XXX is dependent on inemory size). Onee loading s eompleted, the
hoot tranefers operation ta a roucine heginning ar locadon XXXT32, In svslems containing an M5301.
¥ A which is set up not Lo run diagnostic test | through cest 5, XXX will become 017, nor the upper
parl of memory.

Disk and DHECeape Boolstraps {excluding BRX11) - Load 1000y sords | 2000 hytes) of data Tromn the
device iy memery Iocationsg 0-17 Ty,

Maprtape Boolsleaps
TMLL - Loads second record (2000 bytes maximum sizeh from the mageape into memory loca-
tirn =177 M.

T3 MICROSWITCH SETVINGS

A see of ten microsweeches 15 located on the M930]1 medule, They determing which RO roulings are
selecled on power-up und give the user automatic ageess to any functien, %witch 31-1 should be on for
nurimi aperation in order Lo allow wecess to the low ROM sddresses (TS000-765777). The primary
activaling proogeses JTor e M9Y30I-Y A are Lhe power-up seyuenoe and the enabhng of the console
bool switch, Seirely 8 1-2 must be i the O position in urdet o enable aviivation o the M9301-Y¥ 4 on
A power-yp. IFswiteh 51-2 15 off, ten the processor will trap 1o logation 24 {a: nocmal) 1o execude Lhe
WACT power-up routing. When swdteh 51-2 iz QM. the other switches, 51-3 through 51-10, determine
what actian the MU301-Y A will take on power-up,

[T the sestern includes s cimsols boat switch, then any bme thal switch s preseed the MYI00-Y 4 will fe
activaled. Note thal some processars will have Lo be halted for Lhis swilch w have any effecy. Enabling
e congule bool swilch causes Lhe processor 1o edler a BOM routine by ceealing a fake power-
down fpover-up sequence. The wser should aote that the position of switch 81.2 is ireelevant whan the
console boot switch s used.



Pushing Lhe conswle boot switch thus results in a normal power-up sequenge in the processor. Privr Lo
the power-up sequence, the MO30L-YA azsects 773K on the Upibug address lines. This causes the
new PC o be taken from BOM location 77324 instead of location (0024, The new PC will be the
logicatl 2R of the contents of RO location 773024 and the eghl micraswitches vn the MY301-Y 4
madule, & switch in the ON position is read as o 0, while a swilch in the QF F position is a 1, In shis
way all the M9I0E-Y A program oplions are accessible.

Each program oplivn s given a different starling address. Mose that migrogwitch 81-10 is ORed with
bit | of the data in ROM Jocation 773024, 5i-9 19 OHed with bit 2, ete. No swilch 5 provided for
cambination with bit 0, because an odd address could result when going through the trap ssquence.
Figure 7-2 shows the relationship of the switches ta the bus address bals.
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Figure 7-2  Oitset Swilches and Corresponding Bus Address Bits

Td PHOGEAM CONTROL THROUGH THE MICROSWITUHES

The micrswitches on the M9301-¥ A4 gnable the user either to start 1 baatstrap operation or to enler
e console emulalor. simply by pressing the boot switch, hote thal a mementury power failure wall
Tnave the samie eflect ae pushing lhe bowel switch, The user shouwld also oote that he can selecl any
function with or withour diagnostice. Adding 2 to the appropriate octal code in the swilches will
disuhle the disgnostics.

Figure 7-3 showe a program Qowcharl Jor the M9301-Y A, Nouee that the choiee and seguence of
rowtines 8 entirghy dependent on the offset switeh settings.

Tuble 7-2 shows the options with their correspanding switch scetingg and octal codes,

T5 DMNAGNISTLIC PEDGRAMS
An gxplanation of the cight CPU and memory diagnostic tesis follows, Theee Lypes of tlests are includ-
ed in the MY301-¥ A diagnostics:

. Primury CPL tests (1-3)

2. Secondury CPL tests (6, 73
Y Memorey west (BY
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Table 7-2  Optiong and Correspording Switch Settings

Chetal
kunctian 53 R4 i) =h 57 S5 =0 S10 | Conle
CPLU Daagnostics with
Console Emudator N N OM ON | ON | ON | O O [XI0
L P [hag. Yector
throuph location 24 ON |ON ON | ON | ON ON | ON | OFF | 002
Consale Bmulatoe
weithoul Diag. ON |ON | ON | ON | OFFY OFF | ON | OM | 030
CPL[Dag, Hoot KK 11 OFF |ON | ON JOFF | ON | OGN | ON | ON | dd)
Bl RE1] (without Dheg.) OFF JON | ON § QFF JON | OM | ON | QFF |a42
CPU Diag. Bool RPLL OFF | ON | ON | QTF | OFF| ON | OFT | OFT | 466
Boot BPLE (withouwt Diag) OFF |ON | ON | QFF | OFF| OFF| ON | ON | 4T
CPL) Ding, Boot TCH] OFF |ON | OFF | O JON | ONM | OFF | OFF | 306
Boot 1O {rithout 1i4g,) OQFF | OM | OFF | ON | ON | OFFY ON | ON [ 510
CPU Dhag. Boot TM L QFF | QN OFF | O | QOFF ] ON | OFE | ON | 524
Boor TR L pwilhoul Dhag.) OFF | ON | OFF| ON | OFF] ON | OFF | OFF | 525
CPL. Diag. Boot TATL OFF | OFF 1 ON | ON | OFF O | OFF | 104 | 624
Boot TAT] [without iag,) OFF |OFF | O | O | OFF] ON | OTT | OFT 626
CTU Dae. Buot RX 1L OFF | OFF | ON | ON | OFF | OFF | OFF | OFF | 836
Baol BX L (willhoul DHig.) QTF | OFF | ON | OFF JON | ON | ON | ON | 640
P Dnap. Boot 131,17 OFF | GFF | ON | OFF | ON | OFF y ON | ON [ 850
Baal 13111 {without [hag.) OFF | OFF | O | OFF | ON | OFF | ON | OFF | 652
UL Biag, Baot POCLL OFTF | OFF | O | OFF | OTFF | O ON | O | A6
Bawot PLOILY (wnthoist [iag.) OFF JOFF | OM | QT JOFF| ON | ON | OFF | a6k

Muale: BN = Logic 0, OFF = Logic |

5L Primary CPU Tests

The primary TP lesls enercise all unery and dooble operand mstructions with all sourge modes,
These 1ests Ao nol meadify memory. T a filure 15 detected, o brunch-sell (BE ) will be gxecuted. The
run lght will stay an, becausa e peocessor will hang in a loop, but there will be no ceeisler display.
The user musl use the halt switch to exic from the loop. 16 o failure s detecled In lests 1-5, the
processor will emerpe from the last test and enrer the repister display routine porlion vl the coneule

emulalur program.

TEST 1 - SINGLE (PERAND TEST

This test executes all single operand msiructions wsing destinaticon mods b The havie objective 35 o
veerily that all single operand instruciions operale; it also provides a cursoey check on the aperation of
edrh instruction, whilz cngoring that the CPD decode each instruction in the cotrest manmer,
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Tesl | Llesls the desiination register in its thres possible states: xero, negalive, and positive. Each
mslruclion operates on the register contents in one of Jour wuys:

1. Tlata will be chunged vig o direcd apecation, 1€, increment, clear, decrement, ete.

1. Tard will be chanped via un indivect operation. i, arithmetig shifts, udd carry, and subtract
catry.

. Ddata will be unchanged but operated wpon via a direct opecalion, 1e., <lear 4 regisier
already contrining zeros,

4, I2gta will be unchunged but examined via 2 non-modifying instrection {TLEST).

NOTE

When operating upon daia in anindirect Madner, e
data i modified by the state of the appropHare con-
dition code. Arithmetic shift wlll pove the C it intn
or put of the destinztion. This ovperaron, when per-
formied corcectly, implies thar the © bit was set cor-
rectly by the prevlons Iestroction, Fhers are no
chevks on the data inceprity priar o the end of Lhe
test. However, 2 check is mude on the end resuli of
the data manipulation. A eorrecl resalt Jmplles thar
all instructivns mapipulated che data in the correct
way. IT the duls is incotrect, the program will hang in
g program loop uath the machine is hatred.

TEST 2 - BOUBLE GPERAND, ALl SOURCE MODES

This lest verifics all davble operand, general, and logice] instruciions, each in one of the seven address-
itg ttodes (excludes mads Q). Thus, pen operations are checked: the correce decnding of euch double
operand instruction. and the correet operation of each wddressing mode far the souree operand.

Each instruction in the test must aperate correctly in order for the neat instruction to wperage. This
interdependence is careied Lhrough Lo the last instructian (hiL testy where, only through the cormecl
exccution of ull previous instructions, a dara field is examined for a specific bit configuration. Thus,
each insleuction peioe 1o the |ast serves 1o set up the pointer Lo che fest duta.

Twa checks an instructien operstion are made in test 2. (ne check, o branch on condition, is made
{ollowing the compure instruction, whils the second is made uy the lust insteuction in the rest sequence.

Since the GO-NO GO est resides in a ROM memury, ull dala manipulation (madilcation) must be
nerformed in destinaticn mode O {pegister eontuins dula). The daiz and sddressing constonds used by
tesl 2 wre conlaimed within the ROM,

It is important to note that twa dilferent tpes of operations must execete cocrectly in order for this
resl Lo operate:

1. Those inslruclions that participate in computing the final address of the duty musk for the
hinal bit lest instruction,

| )

Those instructions that manipulate the Lesd data within the repister 10 gencrate the expected
bil pateern,

Thetectinn af un arror wilhin this Lest results in 2 progran loop.
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TEST 3 - AUMP TEST MODES 1, 2, AND 3 _ _ o
The purpase af thiy test 15 e ensare corcect operation of the jump instruction. This test is consiructed
g0 that enly a jump to the expected inseruction will provide the correct pamler for the next instmction,

There are two possible Galure modes Lhat can oecur in this test:

L.  The jump addressing ciccuitry will wlfunclion cansing 2 transfer of execotion tu an
incarrect instruclion seyuence ot Den-existent MEmocy.

2. Thejump addeessing circuitry will malfunction in such & way as 1o cause the CPU 1o loap.

The lattes case is a lagical erear indicatar, The former, however, mav manifest itself as an after-the-fact
error, For cxample, if the jump causes contral wo be given 1o pther contines within the M930L, the
interdependent instruction sequences would probably cause failure 10 eventually occur. Tnoany cuse,
the Tailing of the jump instruction will eventually cadse an owt of sequence or dlogeal event te oecur.
This in dell s o meaninglul indicator of 2 malfunstioning CPLL

Thas test containg a jump mode 2 instruction, which is not compatible across the PDP-11 Enc, How-
aver, it will aperate on any PI3P-11 within this test, due Lo the unique programming of the instruction
within test 3. Refore illustrating the operation, it is impoctant Lo undecstand the differenses of the jump
mole 2 hetwesn machines.

Qn the FLIE-11:20, 11705, 11715 and 11,10 processors. for the jump mode 2 P PRI, the register
(R1is incremented by 3 prior o execulion of the jump. On the PDP-17 /08, 11734, 17,735, 11740, 11745,
LS00 11735, and LIS, IRY s used as the jump address and meremented hy 2 u:'ln:r ereculion of 1w
JUImp.

In arder tr deal with this incompatibility, TMP (R)+ iz progeammed with (R pointing back on the
jump itsell, Om U260, 1105, 117148, and 11715 processoes, execution of the instrustion wauld CRUsE
(R ke incremented W poinl 1o the following insteuction, sffectively continuing a nermal sxecution
sodJLRNaE,

Qo POP-11;04, LA TLAAS, L1A400 11245, 11730, LL255, and L1770 processors, the use of the initial
vaiag of (R will caose .I1:}ump ta Inn:ﬁ hack an aell. However, correct operation of the autoinere-
ment will mose K1t ooint o ke oext instouction fallowing Lhe |r1|udk_|1.1mp T]‘]'E-lel:t'lj.'l will then be
extculed axam, TTowever, the destinglion address will be the next insireesion in sgquence,

TEST 4 - SINGLE OPERAND, NOMN-MODIFYING BYTE TEST
This Lesl Tocuses un s uniyue single operand instroction, the TST. TST 15 a special case in the CPL
saeculivn Dow since iU s 1 non-modibvme aperation. Test 4 also 1503 the byre cperation of this instme-

tian, The TETB instruction »ill be execuled in mode 1 (repister deferred) and mode 2 [repister
deferred, antoincrement],

The TSTD s pragrammed to operate on data which has a nepabive value most sygmbeant bete and o
Zeco [hel oegatived least sipmficanl bele

[n arder for this test to operate properly, the TSTH an the low bute most Firss be abbe to aocess the oven
addressed bytz and then ser the proper condition codes. The TSTH 15 then reesccuted with the
autiincrement facility. Alter che sutoingrement, the addressinge remater should be pmnting Lo the gh
Tyee of Lhe texl data, Anolher TSTH 15 gaecwied on whal shoudd Be the iph byle, The W hat of the
candition vades should be sel by this aperation.

Liorecgt exceution of the ast TSTB implies that (he autoinceement recopnizad thal 1 byle operstion

wis requested, thereby cnly inerementing the addeess in the regisier by cne, cather than twa, I Lhe
corregl condition code hias nol been sel by the associated TSTH instructian. the program will laop.
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TEST 5 - DOUBLE-OPERAND, RON-MODIFYING TEST
Twa aon-modifying, double-operand instructions are used in this test - the compate (CMT) and bit

test (BIT), These two instructicns operate on best data in spurge modes | and 4. and destination modes
2 and 4.

The BIT and CMP instructions will operate on data conmsting of all ones (177777). Two separale fglds

of anes are used in order 1o utilize the compare instructions, dnd o provide a feld large enough o
handle the autoingrementing of the addressing register.

Since Lthe compare instruelion s execuled on v fields containing the sume data, the expeeied resull is
a tewe £ bil, indicaling equality,

The BIT mstruction will use s mask argument ol all ones agains another field af all ones. The expected
result 15 & non-zero condition {Z).

M il fuiluees will result in 2 one mswwctdon loop,

Om successiul completion of test 3, the register displuy reutine 1= enabled, provided the cansole cmula-
tor hay been selecied in the microswitches. This rowlice pricts eur 1he octal contencs of the CPL
registers RO, R4, SP, and old PO en the console terminal. This sequence wilt be followed by 4 prommt
churacter {3} on (he next ling.

An examnle ol a typice] printout follows.

XEXEXX EXEXNXN KEXKXX ERNNKEX
b
Prompt R R4 K R.5 _
Churacter (Seack 10ld P
Fointer}
NOTES:

. Where X signifies an ovclal number (Q-7)

2. Whenever (here 6 @ power-up roufine or the boot switch is released on PIXP-117M and
PDP-i] /34 machines, the PC at this time will be stored in R The contents of B3 are then
prizied us the old PC shown in the sammple.

3. Theprampting churacter string indicares that diagnastics have been run and the proeessor is
apecTaking.

.52 Secondary CTL aod Memnory Tests

The secondary CPU 1ests modify memaory and involve the use of the stack pointer. The IME and 1SR
instruclions and all destination modes are tested. B a tailure is deteeted, thess tests, nolike she primary
tests, will execute & halt.

Secondary CPU and memary dipgnostics ure tun immediately afler test 3 when they have been eveked
by means sther than the sansole emulzlor, provided that the correct microswitches have becn ser, It
the cunsole cmuwlatar has been entered ot the compiction of tesc 5, the secondary CIU and memory
diagnostics will be run when the sppropetate boot command 1 given.
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Mute thut Lhe user van eaccute the sceondacy CPU and memery disgnostics without runming a hoot-
sLrap proeraet. A false bool command {an invalid devies code followed by a carmiage return ) will cause
eaecutinn ol tests 6, 7, and & helore the attempt o hoot is made, |F these tesrs are sxecuted sugesssiully,
Lhe devive will be culled bul nal found. The processor will trap o lacation 4, which has heen set up by
the BI930L-Y A. A new PC is ablained at location 4, causing ¢antral to retumm to the consals emulwetor.
The readings far the four registers are now available, and the old PC bk Lhe highest localion i memary.
A Tailure in one of the tests will, of course, cawse a hale.

TEST 4 - DOUBLE OPLRAND, MODIFYING BYTE TESIY _ _ )
The ohjective of this test is to verify that the double-pperand, modifyving instructions will aperate in the
hyte mode. Vst 0 contains three suhtests:

Test souree made 3, destination mode 1, odd and even byes
Test seurce mmde 3, destination mode 2
Test suurce mode {3, destination mode 3, even byre,

Irp |nd —

The mows byie (MOY B, Dit clear byee (BICH). and bit set byte (BIEH) are used within test & to werify
the aperation of the modifving double-operand funstions.

Sirce medifyiog instcuctions ate under test, memeary ciiusl De used as a destination for the lesl duala.
Test 6 uses locatoon 300 as w destinulion wddresys. Latee, in est 7 and the memory tazl, lacalion 50 s
uscd as the first available storage for the stack.

Note Lhat since test & is a hyte test, location 300 implies that bath 500 and 501 are wsed for the byte
Lesls {even and vdd. cespectively). Thus, in the ward of datu sl 500, add and even bytes uee cavsed to be
all 05 and then all 15 allernately throughaut the test. Fach byre is modided mdependent]y af the other.

TEST 7 - J8R TEST

The ISKE 15 the Nt test in the GO-MNO GO sequence thar utiizes the stack, The jump subroutine
coltirmand (JSR) 12 executed in modes 1 and 6. Aficr the JSR 15 exeouted, the subronting which was
given vontral will sxamine che sack to ensure tha; the correct date was placed in the correct stack

lecation 42000, The routine will also ensure chat the line hack regisier points to the gotreet address, Any
eroary detecied in this fost will eesull in a hall

TEST ¥ - MEMORY TEST
Althaugh Lhis lest s intended ta test hoth core and MOS memories, the dats patierns wsed arg
designed o cxercise the mosl laxing pperation for MOS. Before the details of Lthe tes ere deseribed,

would be apprapriate Lo discuss the assumpliens placed vpon the f@ilure moedes of the MOS
techrology.

This test it inlemded Lo check Tor two types of problems chut may arise in the meomory.

. Slid ¢lemen or sense amp failures

2. Addressing maltunetions exiernal 1o the chip,

i he simyplest taitare 1o detect is & solid read ar woite problem. I a cell Tails co hold the appropriace
dala, it is expected that the memory lest will easily detect this problem. In addition, the program
dllerdpls W saluralg @ chip in such a way as W couse marginal sense anp opecation to manifest itseif as
A Jues ur pck-up of uncxpected date. The 4K- % 1chip vsed in the memory consists of a 54 # 64-
matris uf MO slotape elements, Bach -t secdivn is tied 1o a comtmon sense amplifier, The ohjee-
twz of Lhe program is t saturate che seetion with, at fiest all 0s and ane [-pit. This 1-bit is then Moatod
through the chip. AL the #nd, the data is complemenced, and the rest repeated.

'\TJ
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For external addressing lailures, it is assumed that if two or more [pcations are selecled at the same
lime, and @ write sccurs, it is likely that both locutions will assume the correet slale. Thus, prior to
wriling any test duly, e background data is checked to ensure thul there was no crosstalk betwesn
any twe locations. All failures will result in 2 progrom halt as do Failures in 1ests 6 and 7,

NOTE
If the expecied and received data are Lhe same, il is
highly probable that an intermittent Failure has been
detecied (i.e., timisg or margin problem), The reason
the expected and received data can be identical is
that the test program rereads ihe failing address
after the inlfal non-compare ls detected. Thus, 2
fallure at CPU speed is detected, and indicated by
the reading of the lailing address on a single refer-
ance {not at speed) operation

7.6 TROLBLESHOOTING THROUGH REGISTER DMSPLAY
When & halt ocours, the user should reboot the system by pressing the BOOT/INIT switch. The
registers K, R4, R6, and RS will be displayed on the terminal in thal order.

KD Expected dats

td Received data

R Tailing address {SF)
K3 Old PC

The dingnostic program in the MY300-¥ A will cause e processar Lo jump to one of Four addeesses:
163314, 165346, L6530, ar 165534, The user should consule the diagnostic program hsting Lo fnd Lhe
fwiling test und begia troubleshooting. Possible causes of the failure include s errars, & bad 930
mardwle, and a had CPL.
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CHAPTER 8
MOIL-¥B

Nl INTROBDLCTION

The M930L-YB is designed specifically for PDP-11,04 and PDP-11/34 end user syslems. The ROM
rautimgs inglude hasic CPU and memery GO-N0 GO diagnostics, a console emulator prograrm, aind a
specilic set of hoowerap programs, Figurs -1 38 a program memary map Tor the M930I-YR.

173777
COWSOLE EMULATOR
DIAGNOBTICE
179004
GOMBOLE EMULATSR arn
DIAGHNOETICS
HOOTETICA
PRNGA.LMS 1 B0
RRIE C R

Figure §-1  Progrum Memary Map for the M9301.Y B

£2 BOOTSTRAP PROGEAMS
The commands used ta eall the bootstrap pragrams from the console emulator are ligted in Table Ha]

An explanation of the functions performed by the various bootstrap programs follows,

RX1| Duzketle Bootstrap — Loads the frest o2 words (200, byvtes) ol dula from track one, sector ang
inLo meiory fovalions O- 1 76 begrinning at location Al e loaded the content ol Tocatinn 0 s checked,
It it contains 240, operation is lransferred Lo Lhe routine beginuing in location 0. I Tacatinn O does not
cantain 2, the booe 35 restacted, Reslartz will acour 20000 times befoce e machine is habeed

mutomatizally.

’_FAH Cassctte Boorstirap - This bootstrap 15 identical to that of the RX1 | except that dala s Tuaded
from the casscrte bepinning &1 the second block.
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Table B=-1  Bootsirap Rouwtine Cedes for the M930H-YE

Derice Deseriprion Comimand
RK11 125k Cartridge DK
EP1 R Pix2 /413 [Jisk Pack Dr
TCL1 DECtane 1¥r
Ta1] 80 bpi Mugtape MT
TAIL Mugnetic Casyette CT
Rxl] Diskelie DX
L]l ASE-31 Telatype T
P Paper Tape 'R
RJ501 /04 Fixed Head Dizk D5
RiMM Misk Pack [OH
T A Magnetic Tape M

P11 Paper Tape Keader and 12011 Bootstraps - Load an abaolute loader formeatted tape inoe the
epper memary locations XX XT40 o XX XTT7 (XXX o5 dependent an memory aizg). Oace loading is
coeepleled, these bools trensfer operation to 4 routine bepinning at focation XXXT52,

Mgk and DRCrape Bootstraps (excluding RX11Y - Load 1000y wards (2000, byrest of data feom the
devigs into memaory lagations 0-1776,

b aprrupe Hontstraps
T L - Londs seennd rggard (20600 bytes maximum size) from the magtape into memary laga-
Frain 1=1771,.

TING = Eosad seeond record (2000, bytes maxvimum aiee] (mm magtope nlo memory localions
O-1778. (Mole that the Mirst record conteins Lhe maglape dicectory.)

£3 MHEOSWITOCH 5K 1TINGS
A st of ten migroswitches 15 located an the M9301 modele. They determing which ROM roolimes are
selectod and give the vser autamatic access to any functinm.

The promary wetivaling processes Tor the MO301-¥F D are the power-up sequence and the enabling of the
ciensale bool swilchl, Switch S1-1 (low ROM enable) must be in the OMN positios in order (o enable
activation of 1he MI30L-YR console emulator or disgnostics. Switch 81-2 (POWER UIP REBOOT
ENABLE) must e on to agtivate the ROM an pawer-up. Hswitch 31-2 15 ofl, then the processor sl
erap 1o locataon 24 (as normal) to eaecule lhe aser power-up rouline. When swawh 5i-2 is on. the other
switches, 31-3 lhooughn 51-10, delerrmine whal aclion the BMII0-Y B will take o power-up,

IT the systemy includes a console baal switch, then any Litng 1hat switcn is pressed the MW Y B will hg
aolivited. ™ol Lhel sotte processocs will have to be halied for this switch to have ary offeet, Bnabling
the console Boal switch causes the processor Lo entcr 4 BOM rowiine by creating a fake pnwer-
down/ power-up sequence. The user should note that the position of switch 51-2 13 irrelevant when the
comsele ool switcl iz wsed,

Pushing Lhe consele boor switgli thus ecsalts in a normal boot an power-un sequence i Lhe processor.
Driee L e power=up sequenss, the MR -Y B aszeres 770 on the Unibus sddress lines. This canses
(e e I 1o e taken fram ROM lacation 773024 instead of locetion O00024. The new PC will be the
lopical QR of the contents nf BOM locetion 773024 and the eighl mucroswilches on the M%30]-Y B
meodnule. & swicch in the O™ posilion is Tead 4% a 0. Likewise, 4 switch in the QFF pesicion isa 1. In this
way atf the MUYAD-Y B oplions are acessible.



Euch aption is given a different address, Mote that miceoswitch $1-10 is ORed with bit 1 of the data in
ROM location 771024, S1.9 (5 OHed with biz & ete, Wa switch 1s provided for combination with bit 0,
because an odd address could resuli when going through the trup seyuence. Figure 3.2 shows the
relationship of the switches ta the bus address bits.

LOW ROMERABGF PROINER UF REEODT ENABLE

b
awitcnes| V| 2 | I| 7|8 feliw
S0 sporess evrs || 2} BRI
gllu;ﬁ;r:r;f'zl-ﬂu § % )% J'lll L
bl ¥ ¥
QY =19
OFF =1 11 4265

Figure £-2  (MFaet Switches and Corresponding Bua Address Rits

The microswitehes an the MOAGL-YB alsa enable the user (o corer the console cmulator, simply by
pressinge Lhe bBoal switch.

Figure B3 ghows a progeam fovwehart for the Y4Y31-Y B, Notice that the choice and sequence of
rontines is cnjircly dependent an the affset switch settings.

Fable 8- shows the options and correspondimge switch seltings and pclel codes. The user should noce
that the MYI0-Y B does nol provide [or defaull booting feom o peripheral.

Tuble B-2  Diplivny and Cocrespuinding Swileh Sertings

Chetal
Funsdion S1-1 7 -2 =1 - K = -7 -3 -9 -1 1 wle
Tt Posger=mp
Yeclor shrough
[Lowatiom 24, - DT - - - - - - - - -
Cill-Mef 4301
Counsol;
Fmulalar (1 1 0 1Y Y O™ O O [ 30 (EA]E

Cal-50) Cpdy
Veclot throuph (O QXN [ os | o [ O | N | O | b | Ol ] OFF | 002
Locoiion 24,

Consals

Fralarar by O I QOFF | QN o OTFF | O~ DT Of10] 224

“OTE
The abore tunclions arée the samme tor a ool nitiabed
hy the hoar switch except that S1-2 mny be QN or
L] [ [
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4 DHAGNOSTICS
An explanation of the gight CPL and memary disgnostic tests loflaws. Threes types of tests wre imclud-
et in the MUMN-Y B diagnostics:

Priary CPL 1eses {1-5)
Secotdory TPU feses (6. T)
Memory 1est {3)

[y P

¥4.1 Primary CPL Tests

The primary CPL) fests exercise all unary and double operand mstructions with all source maodes,
These tests do not mandify memory, 1F 2 failure is detected, o branch-sell {BR.Y will be gxecuted. The
tun hight will stay vn, hecanse the procsssor will bang in 4 loap, but there will be no regoter dasplay.
The uzer must use the halt swileh w eail Trom Lhe Teop, T no fuilure iy delecwes] 1o wests -5, the
processor will emerae from che last 1est and encer the regisler display routine (console smulator}.

TEST | - SIMNGLE OPERAND TEST

Thus teat exccuics all single operand instructions using destination mode 0, The basic objestive i5 to
veri[y that all single operand mstructions aperate; it alsa provides a cursory check on the eperation of
each instruction, while ensucing thut the CP1J decodes each instruction in the corregt manner.

Tesl 1 1ests the destinatico cepister in its three possible stales: zeco, siegalive, and posilive. Boch
istruction operarcs o the repister contents o one of four ways:

1. IXata wil be changed via a direes operation, e, incremen. clear, deceement. s1c.

2. [uta wall he changed via an indirect operation, L.e.. arithmetiz shifis, add carry, and subteact
CUITY .

1. Dwula will be unchanped, but vperated wpon, vie & direct operation, ie,, clear 4 register
already contuining cecos.

4. Data will be unchanged hut cxamined via a non-modifying instevetion (TEST).

NOTE

When operallng upun data in 4o indirecl manner, the
dara is modified by the state of the appropriace con-
dition code. Arithmetic shift will move the C bit intoe
ar oot of the destination. I'his aperation. when per-
fvrmed correctly, implies that the 7 bir was set cor-
rectly by the previows instroction. There are no
checks vn the datu integrity prior to the end of the
Iest. Howerer, u check is made on the end result of
ihe datin wanipulilion. A corcect result implies that
all ingtructions mandpulafed the dain in the correet
wav. If the data is incorrect, the program will bang in
4 program loop until the maching i@ halped,

TEST 2 - DOLUBLE QPERAND, ALL SOUHCE MODES

This test verifics all double opecand. peneral, and lgical instructions, each in one of the seven address-
g modes (excludes maode B}, Thus 1w operulions are checked: the correet decoading af each double
aperand mslruchion, and the covrect wperalion of each addressing mude for the source aperand,



Lach instruction in the test must operate corcectly in order for the next insteuction 10 operate. This
inlerdependence 15 curried throwgh to the last instruction (bit test) where, only through 1he correcl
execulion of all previous instructions, 1 duta ficld is examined for a specific bit confipuration. Thus,
guch melrucltion privr ta the last serves to set up the pointer to the test data,

Two checks on inslruction operatiaon are made in test 2, Ong checl, a ranch an condition, is made
following the compdre insteuction, while the second is made s the last instruction in the test sequence,

Hingg the GO-MNOY (30 rast resides in ROM memorey, all data manipulultion (madifeulion) musl he
nerformed in destination mode O (register containg data). The data and addressing vonstanls wsed by
test I oare coneained within the RO,

It 35 tnportant to noete that two different types of operations must exgcute enrecetly in arder for this
Lesl Lo operate:

I.  Thoese instracticns Lhat paricipare e campuiinge 1the Iinal addreess of the data mask for the
final hit test instenction.

X "Those tnstructions that manipulate the test data within the cegister to generate the expected
hit patiern.

Dreteclion af an error within thus test results in 3 progrum loon.

TEST } - JUMP TEST MODES 1, 2, 3

The purpose oF Chis 1est s 1o ensare carvect operalion of the jump instrucian. THis test s conslrucled
gugh 1hat anly A jump o the gxpected instruction will provide the correet pointer for the next
mstTustian,

There are Lwa possible failuce rnodes that can occur im this Lesl:

1. The jump addressizng ciccuitey will malfuoction cauging & weansler of execution o an
incoerecl insteuciion sequence of DoN=oXistent memary.

2. Thejump addressing circwitry will malfunction in such a way as to cause the CPU o loap.

The Batter case is @ lopical error indicatee. The Toromer, hoWever, mdy mandesn wseld az an aflee-the-taom
error. For example, iF the jump causes contrel w0 be given o othere raulines within the M9301, the
intzrdependent mstructon seguences would probably cause o Bailure 1o eventoally ocour, [ any case,
the failiog ol the jump inslruction will evenlually cause an ot of sequence of illogical €vend ta pocur,
This b3 imsel? s o meanogbol wodicalor of 2 maltvnstioning T,

This rcst cantaing & jumap mode 2 jnstruction which s not compatible across the PDPE-11 line. Tlow-
cver, it will aperate on any PLP-11 within this test, due Lo the unmiyoe pregramminge of e ustenction
within west 3. Belore illustraling the operation, il is impectant Lo undersland the differences of the jump
made 2 belwesn machines.

Qo the POP-L1720, 1103, 1115, and 117 1) progessors, for the jump mode 2 [IMPCR1+ ] the register
(T is incremertted Dy 2 priar to cxecutian of the jump. On the PDP-01 04, 01704, T35, 1140, 11745,
[LAA0, TLA55, and LLAT0, (R is used #s the jump address and ineremented by 2 ailer sxecution of the
Jump,
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In erder to sveid Lhis incomputabilily, the JMP (B)+ i3 programmed with (R} pointing back on the
jump itself, On 11720, 11705, 11710, and L1015 processars, exeention of the instruction would causc
i)t he incremented Lo paint 1o the following instruction, effectively continuing # normal execution
HoQueEnees.,

Ot the PRIP-11704, L1734, P1A350 10740 1145, 11780, 11755, and 1] /T8 pracessors, the use of the
initial value of (R will cause the jump to loop buck on wsell. However, gorecct operation of the
aurcincrement will mowe (B to poinl 1o the neal imstroction Tollowing che inidal omp, The jumm will
thom he executed arain, However, the destination addeess will be the next instrugtion in seguence.

TEST 4 . SINGLE DPERAND, NONMN-MODIFYING BYTE TEST

This 1est focuzes on one unique single operand instraction, the TST. TET is a special case n the CPLU
execuLion tlow sinec it is a non-modifving aperation, Test 4 ulag tests the byte nperatian of this insirue-
Lian, The TETH instruction will be exgeuted in mode 1 (register delecred) and mode 2 {reguiter
deferred, sutpincrement}.

The TSTH ix progeacimed 1o perate o data which has a negative value most significant byte and &
sere (ol negative) least significant bate,

Tn arder or this tese to operatg properly, the T5TH on the low hyte muoat frae be whle to seeess Lhe gven
addressed byte wnd then set the proper condition codes. The TETB s then reenecuted with the
autminerement facility. Alter the sutomersment, the sddressing register shoold be poantmg Lo Lhe hiph
byie ol Lhe tesl data. Anuther TSTH 1z eaescoted on whal should be (he high Byee. The N Bt ol the
canditian vades should be s21 by this operalion.

{lorrepr exceutinn of the Last TSTH imphies that the autoinerement recognined that 3 hyte operatiom
wik Tequestsd, therehy only incrementing the address in the register by one, rather than vwe. 10 the
cirrrect condition code has oot been sel by the associated TSTB mmslruction, the poogrem will Loop.

TEST 3 - DOUDLE-OPERAND, MOMN-MODIFYING TEST
Two noc-todilving, double-cpecand bstruciions are used i Lhis esl — the comparce [(CBP) and bil
tesl (RTT), These Mwa insteactions aperate an lescdaca in spurge mades | and 4, and destination modes

2 and 4.

The BIT and CBMPE insteuctions will opegate on data consisting of all ones (477777 Twao separate fields
of ones arg used inorder 1o wilize the compare instructions, and to provide & field large cnough tao
hand!c the autoneremgnting af the addressing eegister,

Since the compare matToction i executed on twa fields conteining the seme deta, the expected result i
a Ltue £ hil, indicaling equality.

The BIT insicuction will wse 2 mask arpament of all enes againsgl another Beld of all ones. The expecied
reswly is a nen-zera candition (£h

Mumit lilures will result in u one instrugtion loop,
Ot svecesebon] comipledion of Lest 50 Lhe reaistec display rauline s eeabled, provided Lhe censole emula-
tor has heen sglecred in she migraswitches, This rovine prints ont the octal colenls of the TP

rewisters B, Rd, 5P, and old PO on the conzole terminal. This sequence will be followed by 4 prompt
character (%1 an the nex ling,

T



An example of 4 typical printoul follows,

XXAXXX AN EXRXKX XXKRXEX
3
Frompt RO R Ra RS
Character (Stack {01d PC)
Pointer)
{YIES:

1. Where X significs an octal number (0-7).

2. Whenever there iz a power-up routine or the boot switch is released on PDP-11/04 and
PDP-11/34 machines, the PC at this time will be stored in RS, The contents of RS are thea
prinled as the ald PC shawn in the exumple,

A, Theprompiing characler string indicates thae diagnestics have been run and the processar is
aperating,

4.2 Secondary CCPL and Memory Tests

The secondary CPU tests modify memary and involve the wie af the stack pointer, The IMP and 15K
instructicny and alf destimation modes are tested. 11 @ fuilure is detected, these tests, unlike the primary
Lesli, will eascute a hull.

Secondary CTU and memory diagnostics are run imaediacely alter lesl 5 when chey have besn evaked
by mcans other than the <onsele cimulator, provided that the correct microswilches ave been sel. IT
the console emulator has heen entered at the completion of test 3, the secondary CPU and memory
diggnotics will he run when the appropreate boot eommand is given.

“nte that the user van gaecute the secondary CPU and memary disgnostics sdthout running & hont-
strap nropram. A false hoot caommand (an nvalid device code [ollowed by o currisge retorm] will cause
exccution of lesls &, 7, and § befere the nilempl Lo baot is made, 1F these rests ace executed successtully,
the device will be called bue net found. The processor will tap to location 4, which has been set up by
fhe MOUIDL-Y B, A pew PC s obtained ac location 4, causing contral to refurn to the console crulator.
The readings of the four registers are now availahle, and the ald PC s the highest location in memory.
A farlure inoonec af che tests will, of course, cqusc 3 halt,

TEST & - DODBLE OPERAND, MOGDIFYING BYTE TEST
The srhjeclives of this test is 1w verify 1hal the doeable-operand, modifving instructions will operate in the
byle mode, Tesl 6 conlains Lhres sublests:

1. Test souree made 2, destination mode |, odd and even bytes
2, Tost wource made 3, destination mode 2
1, Test source made O, destination mede 3, even byle.

The move hpete IOV, hit clear byte (BICB), and bil set byle (BISB) are usad within test & fo verify
the aperation of the modilving double-operand functions.

Since modifying instrucriens are nader test, emoary must be used us a destinelion jor the test dala.

Test 6 wsss location 500 as 3 destinagion address. Later, n test 7 wnd the memoery tesl, logadion 30 s
used as the frse available storape Tor the stack.

e



I ot that sinee test 6 is 2 byte test, [ocation S implies thal both 500 and 501 are used far the byte
lests (even and odd, respestively), Thus, in the word of data ar 500, odd and even bytes are cuused to be
all s and then all 1s alternately throvghout the test. Fach byle is moditied independently of the ather.

TEST 7 - )J5R TEST

The J5R is the firsl iest in the GO-NO G0 sequence (hat utilizes the stack. The jurnp subrouline
command (JSR) 15 execuled in modes | and 6, After the J5R 3 executed, the subroubtine which was
given conlrol will examine che stack ¢o enswre that the porrect datu way placed in Lhe corecct stack
lacatian (300). The routing will alse ¢ngure thut the line back repgister poinls te the coreect address, Any
crrars doteeted in this test will resolt 1 oa halt,

TEST § - MEMORY TEST

Althouph this test s mleaded to lesl bolh core and MOS8 memories, the data patterns uvsed are
desipned Lo exercise 1he mosl daxing operdlion for 105, Before the details of the test are desceribed, 11
wopld be appropriale 1o discwss Lhe assumptions placed vpon the failure modes of the MOS
1echnalogy,

Thas test 15 imlended te cheek for iwo types of problems 1bal may erise 0 the memory.

[.  Selid «lement or sense amp fuiluces

2, Addressing malfugetions external 10 the chip.

The simplest farlure (o detect 12 3 solid read ar write problem, If a cell faile to hold the apprapriate
daty. 1115 expected thut the memary test will eusily detect this problem. In gdditinn, the program
gloettpts o saturule o chip im such 4 way us W cause macginal seose amp operation o manifest ilsell as
a loss o pick-up of unexpecled dalu. The 4K- ¥ 1-chip used in the memory consists af o &4- % &4-
matris of MO8 storage elements, Each 64-bir seclicd is ted 1o a common serse amphifiee. The objec-
tive of the program iz co sadurate the saction witk, at first all s and one l-bil. This 1-bil is then floated
through the chip, At the end, the data iz complemented, and the test repeated.

For eaternul addressing Tailures, it 15 assumed thut if two qr more locations gre selected at the same
lome. and o write ogcurs. 15 ikely that both locutions will assume the correct state, Thus, prioc to

writing any test data, the background daca is ¢hecked to cnsure that there was oo cresstalk between
any lwo lecations. All Tailures will regult in 2 pragram halt as do failuces in tests & and 7

MOFCE
If the expeeled and received data are the same, it is
highly probabe that an intermitient faiture has been
detected (1.e.. timlag or margin probled 1. The reason
the expected and received dota can be ldentical Is
thul the test program rereads the failing address
alter the initisl non-compare is derected. Thus, a
fallure at CPU speed in detected, and indicated by
the readiog of the Tailing sddeess on s single refer-
ence (nof 3 speed) operation.

£5 TROUBLLESHOOTING THROLUGH REGISTER DISPLAY

When a halt acours. the user should reboot the system by pressing the BOOT/INIT swilch. The
repisters RO, B4, Ra, and B3 will be displuved on the tenminal in that order.

KL Expected data

R4 Feoocived data

R Failing address (31
RE Oild P

&0



The diagnastic program in the M¥301-¥ B will cause the processor ta jump to one of four addresasa:
165316, 165346, 1633}, or 165334, The user should consult the diagnostic program histing to find the

failing test and begin troubleshooting. Possible cuuses of the fulure include bus errom, 1 bad M9301
module, end & bud CPU.
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CHAPTER 9
M9301-YC

2.1 INTRODUCTIONM

The MOMM-YC 15 used primarily in the PDP-14 /70, It contains basic CPU, cache, and memory diap-

nostics, It can boat from any one of B devices and to any one of the 16 lowest 32K banks of memory
(1-312K).

The PDP-11,70 requires pull-up resistors on the bus grant lines, so W1 through WS most he installed.
Eefer wo BCO MI305-00005 1o delermine 17 WE must be installed.

The ROM routine canses a device code, drive number, and desired bank Lo be oblained feom Lhe
console switeh register after load and staee, If the SWR is 0, then device code and drive number are

obtained Ffrom the M%9301 microswitches (32K bank O js vaed). For instructions on how o start, refer
Lo Paragraph 9.6,

Frgure 9-1 shows o memory rmap lor the M9301-YC ROMa. MAITNDEC-11.[3KEK BH is a listing of the
crde. A copy ol this may be found m the 28801770 Sustems Manual,

CALHE WEWMZRY DlLaGwNeETIes | 17 180T

HUUTSETINAF PIIOGAAM

1R300

YPTREST

L B WAIN BIAGMOETICS

17Te5H0

1142773

Figvee 9-1  Peoyrrum Memory Mun for the M9301-YC
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32 IMAGNOSTIC TEST EXPLANATION

I'he disgnostic portion of the program will test the hasic CPL ingluding the hranches, the registers, all
utddeessinge modes. and mest of the instractiens in the FDP-11 repertoite. Tt will then sct the stack
poinler o keciel D-space PAR 7. I will also turn pn, i requested, memary management and the
Linibus map, and will check memory from virlual address 10 to E5T?T6. A Mer main memory has besn
verified. with the vache off, the cache memory will be tested to verily that hits accur properly, Main
meinory will be scanned again 1o ensure thol the cache 1§ working properly throughauot the 28K of
menoty 10 be used in the boot operation,

If ane af the cache memary tests fails, the aperator can attempe to boot the system anyway by pressing
gontinue, This will ause the program ta ferce misses in both groups of the cache before geing to the
bootsicap section of the program,

A& Dsting al the M9 -YC disgnostic 1ests Tollows.

TEST 1 This tesl verifies Lhe unconditional branch

TEST 2 Test CLR. MODED, and BMI, BYS, BHL. BLOS
TEST 3 Fest DEC, MODE and BPL, REQ, BGE, BGT, BLE
I'EST 4 Test ROR, MODBE 0, and BYC, BHIS, BHI, BME
TLST 5 Test BIIT, BLT, and BLOS

TLST & Test BLE wnd BGT

TEST ° Test cegisler deta path and modes 2, 3.6

TEST 10 Test ROL, BCC, BLT, and MODE &

TEST 11 Tea ADD, [NC, COM, and BCS, BLE

TEST 12 Test ROE, BIS, ADD.and BL.O, BGE

TEST |13 Teat YEC and BLOS, BLT

TEST 14 Test COM, BIC, and RGT, BGE, HLE

TEST 15 Test A0, O MEB BIT, and BNE, BGT, BEQ
TEST 1 Test MOVE SOH CLR, TS and BPL., BNE
TEET 17 Test ASH, ASL

FEST b Test ASIL ANDSWAR

ILST 2] Tesl 1o KERNEL PAR:

TLST 22 Test oand load KIPD R

TEST 23 Test JSR. RTE, RTL and JM P

TEST 24 lLoad and turn gon memory management and the T mbus mep
TESD 25 I'zat main memory Trom sirtoal L) Lo 28K

TEST 24 Test cache data memuory

TTRT 2T Test wirtpal 28K wuh cache on

2.3 DIACMNODSTIC TEST DESCRIFTIONS

TEST 1 - This test rerifies the uncondifional branch. .
The registers and condition sodes are all undefined when this tesl ix enteced and Lhey should remain
thal way upan the campletion of this test.

TEST 2 -- Test CLE, MOHIE 0, and BMI, BYS, BHIL BLOS.
The registers and canditian cades are ull undelined when his 1est is entered, Upon completion ol this
test the SP (R0} should be zeco and only e Z ip-flop will be set,

TEST 3 - Tew DEC. MOQDE b, and BPL, BGE, BGT, BLE.

Upon enlering this teg1 the condition prdesaree N =0, Z= [, ¥ =0, and C = 0,

The regislers s RO = Rl =% K2 =7 R} =7 Rd =7 B3 =7 and 5P = 000
Ulpea completion of this test the condition coles willhe: N = 1, Z =K ¥ = 0, and C =D
The registers affected hy Lhe 1es1 ore: SB = 177077,
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TEST 4 - Test ROR, MODE 0, and BYC, RHIS, BHI, BNF.

Upon enlening this 1251 the condition codes ares M = [, 2 =10,V = l.'fl, and C = 0.
The reeislers are: R0= 1, Rl =" B2 =1, Ri=1L Rd =7, R5 =1, und §P = IT7TYY
Upon cumpletion of (his test the condition codea willhee W =0, L2 =0 % = |, and € = |

The repisters affecied hy the test are; 5F = 077777

TEST 5 - T'est BH1, BLT, and BLOS.

Lipan entering this test the condibion codes wre N =0, £ =0, % = ], and C = 1,

Ihe cegisters ures RO =1 Rl =7 RZ2 =" Ri= 7 R4 m 7 RS =1 and §F = 77777,
Upuan complelion of s test the condition codes willber N= 1, Z=1,¥ =1, and C = 1.
The regristers wre uhaftecred by the test,

TEST 6 - Test BLE and BGT.

L'pon gntering this test the condition codes aree N = |, £ = [,V = ], and C = [,

The remsterz are: RO =7, Rl =T R2 =7 R1 =" Rd =7 R3 =7 and 5 = 077777,
L/pon completion af this tesl Lhe condition codes will be: N = |, Z = [, ¥ = | and © =
The reeisters ure unalfecled by the est,

TEST 7T - Tesi register data path and modes 2, 3, &

When this teel is entered the condition codes are; & = 1, £ = {1, "h“ =1,und C = L.
The pegisters arg KL= T R1 =17 R2 =7 R3 =7 Rd =1 Ri =7 und §F = 077777.
L.pon comnletion of th:ﬁ Lmtth: umdﬂmn codes ate: ™ = D L= | V=0und T =0

The repisters are lelt ux Tollows: RO = 125252 R | = 000000, R2= ]25252 R1= 123132, Rd = 125252,
B3 = 125252 8P = (225252 and M.-*LF].GD = |23252.

TEST I - Test ROL. BOC, BLT, and MODIXE 6,

When this west is catered che candition eodes are: N =0, £ =1, % = and Z = I,

The togisters arc RO = 125252, R 1 = (WHXHX], B2 = (25252, R3 = 125252, R4 = 125252, RS = 125252
RP = 125252, and MAPLO = (23252,

Upuwvn completon of this lest Lhe condilion codes are: N =0, 2 =0, ¥V =, and T = L.

The reemslers ace 12T unchanged excepl [or MAPLK which showld wow egqual 32524,

TEST 11 - Test ADD, INC, COM. and BCS, BLE.

When this test is cntered the condition codes args N =0, A =0, ¥ = 1, and C = 1.

‘I'he registers arg; Rib= 125250 g1 = Q00000 B2 = 1252488, R = 125252, R4 = 125252, RS = 125252,
P = 12525 und MAPLO) = 082524,

Upon cempleticn of this lest Che conditlion vedes are: W =0, 2 =1, YV =0, and C = 0.

The repislers are lell unchanged except for B3 which novw equals 00000, and B which is also OD0000.

TEST 12 - Test ROR, HIN, A1, and K14}, Bi:E,

When this test 1z entered the condigion cndesgres S =0, 2 =1, ¥ =, and { = 1.

The cepisters are: BG = 125232, B 1 = {KHKAK), B2 = 123252, B3 = DAKNK]L, B4 = 125252 R5= 125252,
und SP = (23232,

Upan completion of tis tesl the condition codes aree N =0, L2 =1,V =0 und C =0

The registers are lett uachanged except for B3 which should be moditied back ro 000)0), and B4 which
shauld mow gqual 112525,

TEST 13 - Test DEC and BLOMs, BLT.

When this test iz entered the candition eodes arg WM =0, L= ], ¥ = and C = 0,

Theregisters arg RO = 123232, BRI = 000000, B2 = [23232, B3 = 000000, R4 = D52525, RS = (25252,
unll §P = 133131

Lipun completian ol chis test the condition cadesare: W = b, A =0,V =0, and (= 1),

The rewsters are lsf unchanged except for R 1 which shauld now equal 177777,
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TEST 14 - Test CCOM, BIC, snd BGT, BLE.

When Lhis test is entered the condition codes are: N = 1, Z=0.¥ =0, and ¢ = ),

The repisters are: RO = 125252, B = 177777, B2 = §25252, B3 = 000000, R4 = 52525 RS = 125257,
and SF = 125232,

Lipan complelion of this test the condition codes aree W =0, Z =0, ¥V =1, and (C = 1,

The repislers are left unchanged except for RO which should now egqual 052325, and R1 which should
now equal 052524

TEST 15 - Test ADC, CMT, BIT, and BNE, BGT, BEL).

When this test iv entered the condition codes are: N =0, Z =0, ¥ = 1, and { = 1],

The repisters are: R = Q32525 Rl = 052524, B2 = 125252, R3 = 000000, Rd = 052525, R = 125252,
and 8F = (25352,

Upon completvon of thas test the condition codes aree N =0, Z = |, ¥ =0, gnd € = 0.

The repisiers are now: RO = 052525, R1 = KNKHK), R2 = 125252, R = DOOO00, R4 = 052525 RS =
122535 and 5P = [25257.

TEST ¥ - Test MOYE. 308, CLR, TST and BPL, BNE.

When this test in entered the condition codes are- N =0, £ =1, ¥V =0, and C = D,

The registers are: RO = (152525, B1 = 000000, B2 = 125252, B3 = 000000, R4 = 052525, RS = (152525,
and SP = 125252

Upon completion of this test the condition codes are N a & Z = |, ¥ =0, and ¢ = 1.

Eit is decrementsd by an S0OB instruction to WHKE); K1 i cleared and then ingremented aconnd to
CHOCHOCH.,

TEST 17 - Test ASE. ASL.

When thia fest 15 entered the condition codes arer W =0, Z = 1, ¥ =0, und T =0

The registers are: R0 = 125252 R1 = (KHNO0, R2 = 125252, B3 = 000000, B4 = 052525, R5 = 052525,
and 5P = 12525},

Upen completion of this 1est the condition codes arg: B = 0, Z =0, ¥V = 0, and C = [,

The repislars ure left unchanged excenpt for RO which is now equal to GO, R1 which is now OGQ0L,
and B2 which s siow 000000,

TEST 2ih - Tear ASH, and 5 AB.

When thig test is onteced the condition codes are: W =0, Z =0 ¥ =0, and C = 0.

The registers are: RO = DOO000, B 1 = 00001, B2 = Q00000, B3 = DO0000, Bd = 152525, RS = 053525,
and 8P = 125252,

U'pon completion of this test the condition codes aret N = 0. £ = 1. ¥V =0, and C = 1,

The rewisters are left urchanged except lor B 1 which showald now pgual OIRKKH,

TEST 21 - Test 16 KEEMEL PAR:.

When this test is entered the condition codes are: N = 3, £ = |, ¥V = 0, and C = |,

The registers are; Rk = QUIKHE, H§ = DOCHK), B2 = (KHN0, R3 = OO0, R4 = 052525, RS = 153525,
und 8P = 125232,

Upon complelion of 1his Lest the conditon codes are N =0, £ = 1,V =0, and £ = [

The repislers novy egeul: RO = 172400, 1 = Q00000, B2 = 000000, B3 = DOO000, Itd = 052525 R5 =
125252, and 5 = [25252,

All EERMEL PARs = | 25252,

TEST 21 - Lest and load KIFRES,

When this test s entered the condition qodes aree M =0, £ =1, ¥ =0, and . =1L

The regisrers are RO = 1T2HK, R1 = (ONHL, B2 = 0000, BRI = 0K, R4 = 052525, RS = 125252,
and P = 135357,

Upan completian of this test the condition codes pre: W =0, L= 1. ¥ =3 und C = 0.

The regristers thet are modilted wre: RO = 172300, B1 = KK, and B2 = 77406,

AL KERNEL I-SPACT PDEs (172300 - 17231687 = 077406,
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TEST 23 - Test ISR, RTS, RTI, JMP.
This test first sets the stack pointer to KDPART (172376), and then verifies that TSR, RTS, RTI, and
IMP all work properly.

On entey Lo Lhis 1est the stack pointer (5P s inwiabzed o 172376 and i lefi (thal wiy on exit,

TEST 24 - Load aud turn wo memory maoapemedsl and the Unibos mapp.

This test is only execured if the vpper 4 Bits (< 1% 13> of the switch register are non-zero, The tesr will
lnad memory management to relacate to the 32K block number specified. It will alao sct up the Linibus
uddresses correctly. (1 bits <X 15:12% specify blagk number 3, the user should boot inkoe memory from
96K 1o 128K. The KIPARs will he Toeded ws follows: KIPARD = 006000, KIPARD = 006200,
KIPAR? = 000400 KIPAR]T = 006600, KIPARA = 007000, KIPARS = Q0T200, KIPARAG = 007400
KIPAERT will alwavs equal 1776000

The Linibus map registers will 1then be 1 as [ollows: MAPLD = WHKH), MAPHE = 03, MaAPL] =
20U, MATPTHT =03, MAPLE = MK, MAFPH2 = 05, MAPL3 = 060000, MAPTIY = 42, MAPLA
= HKNKNEL MAFPH4 = D3, MAFLS = 120000, MAFHS = 03, MAPLG = (40000, MAPIIG = 03,

TEST 15 - Test main memaory from virieal HHM po 28K,
This test will tesi main memory with the cache disabled, from virtua] address (OI000 to 157776, 1 the
dula does nol compare properly, the test will halt at either 165740 or 165770 1T & parity error poours,

ihe 1esl will nabe ol address 165776, with PC + 2 on the stack which 1% 1in the KERNEL D-SPACE
PAR:,

In this tcst the Tegisters are initialized as follows: RO = D010, Rl = DATA READ, k2 = 067400, R]
= M0, K4 = AKBTHK, K5 = 177746 (control regisier), 8P = 172376,

The fallowing tao tests are cache memaory lests. If either [ails 10 run suceessTully, the prageutn will
come tood hall i the M2301 ROM I vou desite e tey wr boal vour system ot diagnosbic, you can press

cantitg and the peagram will foree misses in Both peoups of the coche wnd $a 1o (he Bostsiran that
hus heen selected,

TEST 26 - Test cache dam memory,

This 1es1 will check the duty rmemoercy in the cache, first group 0 and then group |, It leads 032323 into
a1y address, cotiplements il Iwice und then ceads the data. Tt then checks that address tn ensure the dats
wis d hit. The sequence is repeated on the same addeess with 123232 s the duta. All cuche memory

data locatinne are dgsted in this way, If cither geoup fails and the operator presses conlinue, the pra-
eracn wibk Lty te bont with the cache diszhled,

The registers are milalieed as follows lor this test: RO = ONEX] (addresg), B 1 = K2 [eount), B2
Y {count), BRI = Q1000 {counlh. B4 = 125252 {pattern), B3 = 1776 {contral register], 5P
172374 {flag of zero pushed on stack).

TEST 27 - Test virtual 28K with cache on.

Thiz test chechs virtual memory from M IO through 157774 to ensure thao you can get hics all the way
wp chrovgh main memaory. It sturls with group 1 enehled, then tests group O, and finally checks mamo-.
¥ with hath growvps enabled. I any one of the thres passes fail, the test wall halt at CONT +~ 2, Thenif
the operater presses cantinue, the propem will try te bont with the cuche disahled.

Upam encry the registers will be ser up a3 follows: RO = Q0100 {address), R1 = 0000A3 (pass count),
R = 7400 imemary conater), R3 = 00 00 (Lirst address), R4 = 067400 fmemary counlen), B3 =
77736 (comtral registery, $P = 172374 (pointing o code for contral regisier),

Lmn complelion of 1hs test, main memary feom viewwal address 001000 theough 137776 will contain
ils pwn wirtual address.



9.4 FPDP-11;/70 BUKITSTEAP

The bootstrap portion of the program (beginning at 177730007 Teoks ar the Tower byte of the console
switch register to dererming which one of cight devices and which vne af eyght drives to baaol from.
Switehes <0200 select the drive number (0-7), and switches <(07:032 seleed the devies code (1-117 to
e used, IF the lower byte of the awitch register in fero, the program will read Lhe set ol miccoswitches
on the MI30] o derermine the device and drive number. These switches can be sel Lo seect o defaull
boat devicg [provided the cansale 5W R i ).

If the hootstrap operation Tails s o resall of 8 haedware ereor in the peripheral device, the progran

will do a RESET instruction, [ump back 10 1he 1est that sats op memory management. and will attemp
t bool again.

9.5 MICROSWIT{HES

Switch 51-1 is the low RUOM enshle switch. Tt is used to inhibit (when OFF) the M9301-YO from
respanding to addresses 177ASO-17T457T7T. Switch 51-2 is the power-up reboot cnable swicch. [t
enables the MY3HM-¥C ROM on power-up, Swiwches 81.3 through 51-10 corrcspand ta bus data bits
-1 respectively. They are reud when location 17773024 s aceessed (Figurs ¥-1).

Bddrie bric |31 |&|BE|=|EF}F 2|
Ewinchag £1 1|2 2] = n | & 7 ;] Bl
L Flalzla|v|ala]|r|eo
RO M | -
EMAELE  paoWERLUP —. —. — A
REBOOT .
ERAELE CHEYICE & OAIVE
1 11 1 1 F| L L 1 1
NGTE
On=n i = 1 i

Figure ¥-2  Microswilch Assipnment

Since Lhe external boat switch und hoot oo power-up capahilities are availuble on the MSHH-YO
(EC0 MO30L-O0005, iF all requiced ECOs are included and microswileh 51-2 is O, the PDIP-| II.:"."!'.I
will buel [dependent an console swilch register undyor the microswitches) an a power-up. 1T bocting
on power-up jg nod desired, swieh 51-2 choweld he OFT.

If the aperator wishes Lo load address 17 TES000 und start [or boot an power-up), swilch (-1 shonld he
an. Hawever, soine peripheral devices in the :ysiem may requite bus wldregses in the ranee il
177650 1 7765727, In this case switch 30-1 muost be OFF, With swieh §1-1 OFF, the MY -YC
must be starled al location 1777000 or 40 55Y M timg-out will pocur. Microswitches S E-3 threoeh 51-
10 gre used whencver 177500 wr 17773000 is loaded and the processar is staeted from the censale,
and the console saitches are set eyual 1o 0 (3l OGN} Micreswirches S1-8 through 51-10 corresprond ta
drive numhbers. Microswilches §1-3 theaugh 81-T correspoad to doviee codes. Tar example, the RE O3
drive 1 is seleoted through the following conlipuralion:

a1-1 sl1-2 3]-3 514 5l-5 Bl-f 85-7 51-8 Bl4 %1-I10
ONAOFE ONJOFF ON OFF QFF M OFF 0N Oam o OFT

Nate that enly eight deviees ean he selected (1-3 and 6113 Devive vode 5 is ceserved. Ulse ul this code
will rezull in errovs,

Figure 9-3 shows & program lowchar for the M2I0L-YC, Notiee that 1hn; choce ~_:uf routines js deter-
mined by jumpers and mivroswitch seerings s well us consoie switch regiater sellmgs.
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2.6 STARTING FROCEIM'RE

9.6.1  Consale Bwitch Settings
The liwer byte ul the consale switch regiater shauld be set to hawe the drive number (0=7) in switches
020, and the device code 1-11) in switchey <0703 .

The upper byte of the swilch repister should be set 1o have the hank number of the 32K block of
memory for the bootstrap operation {3-17) in switches < 15122

The memory blocks are as follows:

Physical Memary 0-28K
Physical Memary 32 K-6dk
Physical Memary 64 K-92K
Physical Memory 88K -124K
Pivesce] Memuorcy 128K-138K

o — T

.t 0 Physical Memory 256K -254K

14 Fhysical Memory IR4K-412K
15 Phvsical Memory 4l6K-444K
l& Pliysical Memuory HEEK-478K
I7 Phiysical Memory 480K =304 K

96,1 Smarfdng Addresses

The notmal starting address For the diagnostic and boot routine is 17765000 (microswitch 51-1 must be
O, I the disgnostic portion of this program fails und the operator weants to altempl o bool anyway,
he must follow these stepy:

I, 8ei up memory muanaperment iF booting intg other 1than the ower 28K of memory, HUS
INIT [cunsols starl) inilialides memory management 10 0-28K of main memory,

2a. If the device is on the Massbus, a8t stack pomnter 1 3 vahd sddress and beed thal address
with the memory bank number put into switches <1513,

Zh. 10 Lhe device js o the Unibusg, ser up Unibus map registers € through & to map La the same
Imemecy as memory management, BUS [NIT {oonsole sturt) mitahzes the mop e 0- 128K of
M Memary,

3. Deposil address 173000 inte the PO,
4. %ot the device code und drive number in the lower byte of the switeh register.

5, Press conginue,

Fxamples:
A. RPMH - Sat srack poincer to 060K,
load X0 into address 40004,
lnaed 373000 inter the PCJITTTTTOTL
set BO0ITO into sweilches (RPOG drive 00,
press conlinue.
B, RKD- Loz L7300 inte the PCCITITITR),

scl GO0 into switches (REDS drive O,
Dress cantinue,
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9.6.3 Operator Action
If the diagnastic portian of the ROM routine fails, recand PC of the instructior and reler to the listing
1o find aul which test in the pragram failed,

9,7 ERRDRS
Table §-1 is a list of «erar halrs indexed by the addeess displaved.

Table #-1 Error Halts

Address Displayed Text Mumber and Sabsystem Linder 'T'est

[ITR3004 Test 1, Hranch Test

17 Ta5020 Test ¥, Brunch Teut

LT7a5016 Test 3, Branch Test

LT7a3032 Test 4, Branch Test

L 77430606 Test 3. Branch Test

| T7a3075 Testa, Branch Test

177643134 Tea 7, Register Data Path Test

ITTH41 46 Teat 14k, Branch Test

IT765 166 Test 11, CPU Instruction Test

1776520 Test 112, CPU Instruction Test

1T1a5214 Test |3, CPU [nscruction Test

| 7705212 Test 14, COM Instruction Tesl

17705230 Test 14, CPU [nstruction Test

175 2641 Test L3, CPU [Instewction Test

177h527 g5t 16, Branch Test

1 TT5312 Test 16, CPL Ingtruction Tesg

| 7765346 Test 17, CPU Ingtruction Tesg

L7Tas 3al Tesl 20, CPU Tastruction Test

17 s34 Test 20, CPU Instewction Test

17T 654 50 Test 21 KERMAL PAR Tesl

L7765474 Test 22, KERMNAL PAER Test

LITaE310 Test 23, ISK Test

[ITO5520 Test 23, 18K Tes

17T sa300 Test 23, TS Teg

(AP (S Test 23, RTI Test

| TTERE550 Test 23, IMP Test

LITHAT60 Test 25, Muin Memory [Jata Compare Ercor

b YT i 00 Test 25, Muin Memocy Parity Error
{no recovery possible from this error)

| TR Test 26, Cache Memory Data Campare Error

[T773654 Test 26, Cache Memory Mo Tht
(Pressing concinue here will cause
hoot attempt forcing misses)

P17 3 Test 27, Cuche Memaory [¥ata Campare Ertor

LY 3044 Test 27, Cache Memory Na Hit
{Pressing conlinue here will cause
boor attempl Torcing Imsses)

LTI 3Ta4 Teue 250K 26, Cache Memory Parily Errar
{Freasing cominue here will cuuss
hoot attempr forcing misses)
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Error Recovery

Mast al the error halts are Bard Twiluves (there 15 no recovery]. I mam memory halls are Lhe fauld, iy
bureting b arother bank {if the program is relocatable) or swap modules feom another bank with bank
Q.

IT the processor halts in one of the two cache tes(s, e error can be recovered [rom. Fress continws to
finish the tese {if ac either 17773644 aor 17773736} or force misses in both groups of the cache and
attenipr o boot the systemn monitor with the cache dizabled (il at either 17773654, 177737046, ar
17773764}

IT this program fails in an uncontrofled manner, it might be due to an udexpected trep Lo Jocatien
(WK TT this 15 suspected, then toad a G0000G into addeess GO0 and a OO0 inlo Localion QODHK.
This will cause all traps 10 location OO 1o hall with GOODODLD in the address lights. The operacor
can then examine the CPLU error register at focation 17777766,

The bits in the CPL ercor cegisier are defined az follows:

Bit 02 = Red zone stack limit

Bit 13 = Yellow zone limit

Bit (4 = [nibus time-eut

Bit 05 = Mopexistenl memory (cache)
Bl Of = Qdd address error

Bit 07 = Illegal halt



CHAPTER 140
MEIN-YD

BT INTHODLCTIOMN

The MY30L-Y I} is programmed ta provide transparent poss-through of data between 3 terminal on o
satellite computer und an wsynchroneus serdal line on the same computer. 1t alse contains all of the
necessery inslroclions for requesling a secondary mode program load and acgepting w down-line load
un ils seriaf ling from another machine using DICMP protocol. These Beatures enoble a PO
gompieer to be a satellite in g REMOTE-11 system.

‘The M9301-Y D ROM will cun vm auny FDP-11 compuler, Two DL11s are required with the following
addresses and vectors:

Funitivn Address Yeciar
Lagal Terminal 177560 Al
I nterprogessor 1 T56E0 4]

The ROM muy be aclivated by plasing Lhe starting address for the desiced type of bootstrap in the
swilcly register and pressing LOAD ADDEESS, START, or by udilizing the power-up bootstrap fea-
Loure uf Lhe M330L-YD with propet serling of the address offset microswitches,

Figure 11-1 shows the relution of the micraswitches oo the sturling address. Figore 10-2 15 the
MO3-YD power-up Mowchart,

LO¥ RO ENABLE POWWER UP REBDOTENARLE

1 2 3 4 5 o

E
IvniTCHES
COAREGPONDING
ous acbReageira f ! | 7 oy

BINAAY VALLE

-

-
-]
uw

10

£
L]
]
-
[= ]

or SwiITEHES |l K W |k |X lIlx|x|x ]
I TAL VALUCS [
OF SWITEH LS i * ' |
ON =D
aFF = 1 11 40B%

Figure 1-1 OMfser Switches and Corresponding Address Bits
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PO AR
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Fiouee 10-2  MO30L-YI¥ Program Flowcharl

1.2 NDRAMAL BOODTSTRAF {LTIHH);
The staering address iz 173000, Switches 51-1 theough 31-10 are vn Tor povwer-up Bootstrap. Ordinar-
ily, when the ROM zode iz initiated, the satellite comes vp in pass-theongh mode First, the memaory
size of the computer i3 ascertained, Then. necessary communications regions are st up and the QS0P
mesgage “knter terminal maode” is sent on the sepial line, All further communization is in ASCLE with
the KOM pragram polling the ready Oaps in the four control and status regasters to determine che next
action. XOW () and XOFEF (8) are supporled within the satellite computer, and transmission is

aseummied Lo be fUll duples.

WOAMAL
9Y¥ATEM
FONYEM LIP
THRIUJH

LG 1d

17 =2aqu

The only way the teeminal mode may be discantinued {s theovugh the receipt of & DDCMP mossage,
Th: ROM aocepts only the fallowing mesgapes: " Program load without transfer adceess,” " Program
[sad witk transfer address,’” and "Enter termingl made,"
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10.3 SECCNDARY MODE BOOTSTRAP [173006)

Switches S1-1 through 51-8 are ON for use of the power-up bootstrap function. 519 and S1-10 are
OFF. The alternale storting address 173006 calses ac aulomatic down linn:: load, The “Enter terminal
mode™ message s replaced by “Request secondary mode program load.” The host maching should
respond to this message with a program load so that iermipal mode is only transently sctivated. Bus
addresses 1 TT560-177568 will be addressed during this time. The mc.-::lnduz} mode program Joad dies-
sage may he used for loading proerams mio satellites without terminals or foc losbing a screllec inte a
muchineg wilh u praphics erminul. Al other secoadary mode actions are identical 1o those of e
normal bootstcap.

104 FLOPPY BOOTSTRAT (17T3TM)
The stagting address 17370 should be vsed for initiating a boat load fram a Aloppy disk, The awitches
shoutd he set s follows: 51-1, 51-2 ON; 51-3 through 51-3 OFF; 81-6 throogh $1-10 ON.

15 SENDING DIKMYP MESSAGES

A cullable subroutine within the ROM will send DDDEMP boot mode messapes. These messapes
shiould be alesady loaded in memory. Lecation (62 15 loaded by the M9301-Y D with the address of this
sibroutine, To wse it call from the user progeam with:

ClR K2 :indicate no completion routine
MOY AMSE RS
I5E PC w62

where M350 has the follawing Farmat

Hytes 0 und | contain the numher af bytes in the message
Byte 2 has an O8O code

Brtes X throueh n have the data (GF any),

The message 18 senl usimg inlecrupl driven code, bul contrel is not returned to the wser program wntil
tho message has been completely senl wul.

e BLCEIVING DINMP MESSAGES

A program which has been booted down hine from the host to the satellive will qutaomatically reseive
MM messages 0 propecly initialieed wnd i the snterrupt for the seriul line receive register s
gnabled, The program listing which follows shows the rouline which handles the messapes. 1L should he
included in the booted program.

MK 162 -5 et RECDDC address
SUH #62 {SF)

pO Y 59 R4 MST sise

LR K3 (RO inikialize

CLE K2 weomipletion {move)
ISR PCLESP+ -eall RECDIC

BCS ILREOE

Add 2k RO ;pont to OROP Cade

Fo restart this rocciving routine, execile 1% P | 64,
The MYIDL-Y 1D wses lacalions L30- 167 for communicetions and 17011 for cemporary data during

PTYHETA T laads, 11 aleo loads localion 54 with the high wsable memery sddress. The address in 54 has
heen adjusted to leave room for buffers and a stack for use by the RO,
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CHAFTER 11}
M9301-YE

11.1 INTECDUCTION

The M2301-YE provides 1DECnet haotulrapping capabilities for the PDP-11 system with or withowl
the console switch register. In addition, the M930L-YE includes 3 consols emuletnr routing, o pawet
tape hoatstrap, snd some basic CPU and memaory GO-NO GO disgnostic tests.

This module has been designed for maximum fexibility of operation. Ils Mnction may be initiated in
any of four ways: automarically at power-up, by pressing the console boou switch, by a 1.OAD
ADDRESS and START sequence, or hy using the console terminal while running the console emula-
tor rowting,

11.2 PROGEAM MEMORY MAFP
Figure 11-1 is a program meinory map for the M9301-YE.

Tr3TTY
HZOTATAAP PFROGR 45
rIaGEl
AT
CONSOLE EMLUILATSR
HAGNDSTICE
b 1= e i)
114271

Figure 11-1 M9301-YE Program Mcmory Map

The lower wddresses TAA00-Te37TTT cun be disabled by pulting switch 51-1 in the OFF positicn. This
would free addresses Ta3000-T63777, allowing the user to occupy this address space. MNotc that if

switch S1-1 15 OI'T. the consele emuolaor, the low-speed paper (ape bool, and diagnoslics are no
longar available,



Mot alse that the code iy the M230H-YE Ls writlen with the sssumplion thet the processor will trap to
Unibus kocation 24 on power-up if the defavlt boot on power-up feature is 10 be wsed, I is also

wisumed that 4 power-up trap to Unibus location 24 will be invoked by the assertion and then negalion
el AC LO if the pushbulton boat feature is waed,

113 MICROSWITCH FUNCTIONS
A set of ten microswilches i located on the M930] module. They determine which ROM rontines are
acicored and give the user automatic Acoess L0 any functien.

The primury sctivating processes for the M9301-YE are che power-up sequence and the enabling of the
consule hool switeh, Switch 31-1 must be in the QN paosition in order (o enable activation of the
M -YT cunsole emulator and diagnastics. Switch 531-2 is the power-up reboot enable switch, I
muzl he OM L enehle 1o M0 -YE on power-up. 17 switch 81-2 is OFF, then the processor will trap
Loy Lercation 24 (us normal) ta execule the user power-up routine. When sawitch 51-2 i OM, the ather
switches, 51-3 lheough 51-10. delermine whal sction the M3301-YE will take on power-up.

If the sysoem supports & console koot switch, then any time that swilch is pressed, the M9301-%E will
he uctivated. Knubiing the console boot switch causes the processar wo enter A ROM routine by creat-
ing g fake power down fpower-up sequence. The veer should note that the position of switch 51-2 is
ircelevant when the consale boot switeh 1v used. Fushing the console boot switch thus regults in 3
power-up sequence io Lhe processor Lhrough an M9301-YE ROM routine.

Prior 1o the power-up sequence, the MUINL-YE asscres T7I000 on the Unibus address lines. This canses
the new PO to be taken from ROM location 773024 instead of location 00024, The new PC will be the
lngical (IR of the contents of ROM location 773024 and the cight microswitches on the M%30-YE
muodule. & switch in the T¥N pasitinn is read as a 0, and & switch in the QFF position iza 1. In this way
all the MOMH-YTE aptions are aceessible. Euch option s given a diflerent address. Mote Lhal miceo-
swilch 51-10 15 ORed with bil 1 of 1the duta in BOM locution 7T3024; 51-3 45 ORed with b 2, ele. No
swilch js provided for combination with bit 0, because an odd address could resull when going theough
e trap sequetce,

The microswitches an the M%3M-YE cnahle the user cither ta start a hootstrap operuation or to enter
the consple emulator, simply hy pressing the baat switch, Mote thoat a momentury power [eiluce will
have the same elTect a5 pushing the bont switch.

Fieure 11-2 shows the relaticnship of the switches to che bus address bics,
LOW ACM EMABLE POYYER UP REBQDOT ENABLE

X ¥
i 2 3

T

BWITCHES

CLOAAEEFONO NI

LIS AUDAESEHITS
B NAaAT WALLE

UF SKAITCHFS

fFTAL VALUCS
Iar SMITCHES

Figurc 11-2  Odfaet Switches and Correspunding Bus Address Bits
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114 BOOTSTRAPFING PAFPER TATE

The paper tape boot is unique in thal it can do ao error checking and that the secondary hootstrap
[£.2.. the ghsolute loader) is read inle the upper part of memory. The actval locations louded by the
puper lupe bool are partially determined by the secondary bootstrap itsell und by the sice rauline
which determines (he highest available memory address within the fist 28K. The puper Lape bool
transfers contrel to location XX X374, where XXX is determined inilially by the siie routiae Lo be at
the top of memoery: this i3 where the ahaolute loader will have just been Inaded.

Mote that the anly way to hootstrap o device other that unil O is by entering the console emulator to
specily the drive number desired. Otherwise the boatsiraps will default to unit 8. This means that only
unit B of u device can be boosrapped without operator intervention,

11,5 DECNET BOOTSTRAPFIMNG: DUL, DLIT-E, NP1
I'hg 13EC et hootstran rootines load memaory in a sateltite computer over 2 communication link, using

the maintenunce speration protocol (MOP) within the DECael svstem. The enlire boolsirapping proc-
ess Involves three separule bootslrap prograims.

11.5.1 Primary Bootsirap

The primary bootstrap is a mode associated with the communications device within the M9301-YE
R{OMs. [t requests a secondary boot from the host computer. The primary bootstrap routing wll wait
approximately 9 sceonds for & reply and then make another request for the secondary boot. IT, alter
eight tries, the host has not responded, the astellite will hang up the phone for spproaitmedely one holb
second. Data termingl ceady (DTRY a8 wurned OFF and then ON again. Afler interrupting the commu-
micalion link, the primary bootsteap will initiale another series of cequests for 4 secondary boot. The
930 L-YE supports two MOF eodes, § and 0, as follows, The primary boot sends out a MOP #

message. 1t expects 4 MOP  message back, The MOP 0 ig the secondary boot which loads the tertiary
hot with transfer address.

IT the primary boot detects any errocs, (L will make the teguest aguimn.

11.51 Secondary Bootsirap

The secondary bootstran program, ancg loaded, requests o tertiary hoot. These intermediate steps are
important becwuse the boot program which hendles the setual loading of the operating syster i Loo
long and comples o be stored in the BOM.

11.5.3 Tertiary Bootsirap
Cings the toetiary boot has been requesied and loaded. it relocaces in upper memory and then beging

the down-line lnading of the operaring swstem, Figuee 11-3 is a flowchare showing the relation of the
Lhres bootstran pragrams.
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1L.54 MOPF Messape Tormats

The currenl MOP version (1.2, Tuly 1976} operates within D DCMP maintenance envelopes, The cur-
tent 13DCMP version s 3.03-Dec 1975 All MOP messages are sent in a DDCM P maintenanes mode
envelope. This basic DODCMP messape provides a CRC block check on the MOFP data but dogs not
prowide any acknowledpementl of receipl. It @3 similar to & numbered data message used for con-
formance with DDCMP formars and hence software/hardware drivers for DIMCMP, Its farm 9 ux
tollows,

S¥N. SYN, DLE, COUNT, Q, 8, FILL, FILL, ADDR, CRCL, MOP M5G, CRC2

wbuere:
YN = The DIXMP sayne characters; {8 bira)
226 synchroncus — D11, THTPL
I37 asynchronous - DLI-E
DILE = Thebool messuge header chardoter: 220 (8 bils)
COUNT = Theld4-bitcounl Geld: number of bytes in MOP messupe (14 Bits)
3 = The asyac link gonteod Flag: (1 bit, always = 1)
5 =  Theselact link conteal flag: {1 bit, always = 1)
FILL. = A fill character: 000 {8 bits)
AR = Thetrbutarey station addreess: (for pt-to-pt = 118 bits)
CRCL = The header CRC on DLE through ADDR (16 hit CRC-16)
MOP M50 = The MOP message described below (COUINT # hit quuantities)
CRC2 = The dalu CRC oo MO message only (16 bit CRC-168)

Notior thar the maintenance messages are preceded by 3 or more 3YNC characiers appropriate (o the
link used; synchronous - 2240, asynchronons - 237,

The !!r‘[ QP messuge resides in the duta field of the maintenance envelope, The form of the MOF mes.
SRR 15

CODE, INFO

wliere:

CODE = The MOP operation code {E bils)
INF = The information field (specific to sach CODE)

The form of the MOF 8 program (request secondary boot) follows,

CODE (1 byle) = 8
MECT 1XATA = 1)FY FYPE, 8STA DDE. (1} PCM TYPE ()

where:

DLV TYET {1 byte)

The device 1ype al e requesling system. DLU-E = 4, DU = 2, and
DLUPIL = 12,

&

STA DDR (| hyeg) The address of Lhe requesting station. For point-to-poin this is abways

I. This is always 1 Tor the M9201 -YE,

FOM TYPE [ hyie)

The tvpe ot seeomdary program reguesied. POM bype is alvays O for the
RAFSL-Y H,



The farm of the MOF [ program (memory load with transfer address) follows,

CODE (1 byte) = 0
MSG DATA = LOAD NUM, LOAD ADDR, IMAGE DATA, TRANSFER ADDR

whers:

LOALDNUM{ ] byte)

The load number Tor multiple load images. It may he
preceded by loads without ransfer wddress. This sterts
at 0 and is incremented for each load. This should
alwayy be [ far the M9301-YE,

LOAD ADDR (4 bytes)

The memory load address (starting address) for the stor-
age of the data image. It showld be 0 in MOP 0. This
should always be 0 for the M9301-YE.

IMAGE DATA The image ta be stored in the computer memaory, The
form sent will he machine dependent and may vary with
the type and word length of the syatem [eg,, Tor PDP-E

SYsLetn s, mlch byie represents one memory byte {8 bitsh].

TEANSFEE ADDE (4 bytes) The starting addeess of the imape jusl lowded. This is

alwuys & for the MYUN-YE,

DECnet wses twi CPFL registers. RO containg the device index code, R1 containg the CSR address of
the desvioe.

11.8 POWER-UF BOOT AND CONSOLE BOOT

When the opeeator performs a svstem power-up or presses the console boot switch, he causcs the
B230] module (o ceact by initiating a boowstrap routine, Table 11-1 shows the comreet miceoswitch
gettings for the varous aptions.

11.7 LOAD ADDRESS AND START PROCEDNURE ¥1A COMNSOLE SWITCH REGISTER
The vser who wishes to initiate a function other than the ene which he has spegified in the mucro-
swilches can do so0 without resetting those microswitchea, This invalves a load address, placing an
aptin cde in the switch cegister, and start procedurs, Thus 11 gen be done ondy on machines with
vinsole switch registers.

The wser must load sddress 173100 1nd then, before pressing the siart switeh, he must place a devies
code or opticn code in the switch register, These options and codes are shown in Table 11-2.



Table 11-1

Bicroseriteh Settings

Funeran

51-1

p il

10

Detal
Code

Console
Fmulatsr
wiLl Crigge.

Consale
Emulator
wilheut Drage.

Lser Power Fail
Eowding through
Yector 24
with Diag.

Dser Power Fail
FEavting threugh
Yoetar 24
withnut Diag.

Boal Paper Tume

Reader with Diagr,

DECnet Boot

121.11E with Diag,

DECneL Bool
TLIIT withaul
Diag.

17k Aer Root
PUITT with Dy

CIE e Tos
ML withamt
[diag

I nei Boor

[PLPLL with Diag,

DEC net Boot
DL P withauot
Dyup.

N

o™

]
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Eh|

oM
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O™

O~
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Ll

O~

O

OoN

OoN
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oN

O™

0N
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M
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v

oN
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OFT
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()
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O

0N
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OFF

OFF

ONM

oM

oM

N

O™

OFF

orr

OFF

OFF

Ol
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oM

ON

Ll

OFF

OFF

0N

(M

OFF

OFF

OFF

QOFF

QN

OFF

Ol

N

OFT

oM

OFF

QM

QFF

L

OFF

[KH}

ooz

(62

D6

ik

010

i

154

156

164

= swileh seiiing makes mp liTerence

== for prabbutien bool seiwh sewing makes o Diferenge,
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Tahble 11-2 Laozd Address and Start Codes

Code Fuaction

| 65367 Fnter comsele emulytor after running diagnostics
L5564 To enter console emulator without running diagnostics
173106 Boat the D011 puper tupe with diagnostics

173010 Boal the DRCnet DLI-E with diagnnsties

L7302 Bool the DECnel I LI-E without diaenaostics
[T315d Boot the DECpet DUTL] with diagnostics

173156 Hogt the DECnet DUL] without diagnostics

173164 Bont the DECnet DUPTE with diagnostics

73166 Boal the DECnet DUIPL ! without disgnostics

Mot that adding twa 0 a code for an option with all diagnostics results in the eotrv for that option
withaut uny dhiagnostiga.

1L8 OPERATTON OF THE M%301-YE CCONSOILE EMLUT.ATOR

The user can bool 1 program Foem any of the four trpes of penpheral devices by calling the bootstrap
progeam for that pecipheral through the console emufator.

The fiest routines 1o be exacuted (if 000 i3 the contents of the microswitches) are the primary CPLU
diagnostics.

The display routing iz gntered sutomatically, This routine will type the pontents of R{, B4, K6, and B3
(noie the sequence) on the Teletype ar terminal in petal. Pressing the conanle hoot switch causes the
EDE-11/04 unil POYP-11 /34 svstems to copy the PCinle RS belore the power- Up seqUence siaels. The
consele emulator (keybouard dispatch) prograin is then eacered auvomatically. This routine types a
careiage retuen, a line feed, and then the prompt symbol, 5. The user can call bootstTap programs at
this point by (vping the appropriate devics code. He chen types an octal number [ollowing the devies
eode specifving the drive number {(defunlt 0} and hita the carriage return key. Toble 11-3 Lsts the
meripheral bootstrap pragramys supported by the M9301-YE.

Mote hal 12 console fill charuclers are used betwveen the carriage return and the line feed in the console
emulalor routine

Tabhle 11-3 Bootstrap Frograms

Deslie Ireseription Commzod*
DLLI** L.ow Sneed Paper Tape Reuder IT

MNLITE Asyochranous Communications Inlerface XL#

DL Synchronoss Communications Interface XLg
DUFIL Svpchronows Communigations Interface XWg

*The & specifies the enit number (default 0% This may be from 0-17; for XU wod XW and 0-36 for XL.
**Thiz device iz noar bootable if 51 is OFF.

11-#



11.9 RESTARTING AT THE LISER FOWER FAIL ROUTINE
If the vser wishes to restart his own softwars on a power-up he muay do sa by merely disabling the
power fajl restart switch in the microswitches (turn switeh 81-2 OFF).

But the user cun use the M9301-YE o run disgnosiics (just the pomary CPU tesls described in Para-
rruph 11,100 before cunning his power-up foutide, This will in po way disturb the contents of memory
and will in facl verify the machine's basic integrity after the power-down and -up sequengs.

To uge this option the operatar should [uad the n:n:nd-; 362 inte the micrpswitches us descrihed n
Paragraph 11,7, This will result in the running of the pri mary CPU diagnostics upan power failure und
then a 5|mula'rt:|:| trap chrough 24 which will start the wser's specified poter-up rautine.

Il the code 064 15 placed in the microswitches, then the simulated rap through 24 15 eagcuted without
running Jiagrnoslics.

Figure 1 1-4 iz an operator’s flowchart showing the relation of the various options and codes available
to the waer.

110 DIAGNOSTICS
Ao cxplanation of the gight CPLU and memory diggnostic testa follows. Three bypes of lests are mcload-
ed in the MY30H-YE disgnostics:

. Primuary CPL vests (1-5)
2. Becondary CPL tests (6, T
3. Memiory test (B)

11101 CPLU Tests

The primaey CPU tests exereise all unary and double operand instructiong with all source modes.
Ihese tests doonot moadify memaory, If 2 failure is detected, a branch-sell (B R will be executed. The
ran light will stay O, because che processar will hang in a loap, 1M no failore iy detected n teaty 1-5,
the privceseoT will emerpe from the lase test and enter the register displey cowtime [consobe emulatoc).

IEST 1 - SINGLE DPERAMD TEST
This test executes all sineie aperand instructiens wsing destination mode 0. The basic objeclive is 10

verily thut all single operand inslruclions opecale; L alga provides a cucsory check on the operation of
gaich inslrucion, while easuring thatl the CIMU decodes each insiewction in 1the correct manner,
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Tesl 1 tests ihe destination register in it3 three possible states: zera, negative, and positive. Euch
itslenction oporates on the register contents in one of four ways:

!. [Data will be changed via 8 ditegt operation, i.e., incremend, glear, decrement, elo.

2. Data will be changed via an indirect operution, e, arithmetc shifls, add carey, and subtrace
CATTY.

3. Dala %ill be unchanred, but opetated upon via a direct operation, ie., clear & register
alteady containing zeros.

4. sty will he unchanged but gxamined via u nan-modifying instruction (TEST).

MNOTE

YWhen operating apon dats o an direct manoer. the
data is modifed by the atate of the appropriate con-
didlon code. Ardthmerlc shift will nnove the C bil lato
ar gut of the destinacion. This operation, when per-
formed correctly, implies thar the {C bit was set cor-
tectly hy the previous instruction. There are no
checks on the data integrity priar to the end ol the
iest. Jlowerer, s check is muade oo the end result ol
Lthe dats manipulation. A correct result implies chat
all instruetions manipulated the duia In the correct
wa¥, I the dadn I8 Incorrect, the program will baog in
a programn loop unfll the machine & haloed.

TEST 2 - IMOLHLE OPERANID, ALL SOLRCE MOIES

This test verifies wll double operand, general, and logical instructions, each in one ol the seven sddress-
ing modes fexcludes mode 93, Thus, (wo operalions sre checked: the correct decoding of euch double
pperand instruction. and the correst aperation of cach addressing mode tor che source opetand.

Euch jnstructicn in Lhe test st opereie cotrectly in order for the next instruction to operute. This
inicrdependence is carried through o the last instruciion (i resty where, only through the correct
cxcoution of all previous instructions. & data field is examined for & specific bit configuration. Thus,
each imstrugtion priar to the last serves to set up the pointer to the test data.

I'wa chegks on instrugtion operatian are made in test 2, One check, u branch an gandition, is made
[slbywing the compare instruction, while the second iz made 33 the last inatroction in the test sequence.

Since the GO-NOA GO wests reside in ROM memory, all date manipulation {modibcation) must be

perforoed in destinatlion moede O (reeisler contains duta). The data wod eddressing cooslunls wsed by
1cet 2 are contained within the ROM.

it 1w impartang to noce that cag difterent types of operations must execure coerectly in arder for this
Lesl b OpeTate:

[ Those insieoctions hat partisipate o computing (he bnal address of the daty musk Tor the
final hit test natrustion.

3. Those msttuctions that manipulace the 1est data within the eepister Lo generale he expeclel
hit pattern.

Detection of an error within this fest resules in a progeam laop.
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TEST 3 -JUMP TEST MCHIES 1, 2, 3
The purpose of Lhis tesl 15 Lo epsdee cocrecl operation of the junp instruction. This tesl is consitucied
st Lhal only & juinp Lo the eapected inslruclion will provide the vorrect pointer for the neal instruction.

There ate (w0 possible fatlure modes thatl ¢an occur in this Lest:

.  The jump addressing circnitry will malfunction, cavsing a traosfer of execution fo an
inzarrect ingtruction sCQuUence ar NeR-CXistent mMemory,

Z. Thejump addressing areuitry will malfunction in suck w way ws 1o cause the TP te foop.

The laller case is a bopical ercor indicalor. The former, however, may manitest itselt a3 an afrer-the-fact
grrar. For example, if the jump covses conteol 1o be given to other rowlines within (he M33H, the
interdependent instruction sequences would prabably cavse a failvre to eventually ocour. [n any case,
the failing of the jump instruetion will evencually cavse an out of sequenee or illogical cvent fo agcer.
This in itself is a meaningful indicator of & malfunctioning CPLI.

This jcgt ¢nncains a jump mnde 3 instruction which is not compatible 2eress the PDP-11 Iine. How-
cver, it will aperate on gny PDP-11 within this test, die to the utique programming of the instriclion
wihin et 3 Helore illuslealing Lhe operalion, L s imporlant o undersiand the differencss of the jump
made 2 between machines.

n che PIXE-11 /200 11705, E1/15, and L1710 processars for the jump mode 2 [IMFP[R)+] the register
(K3 isincremented by 2 peiar to execution of the jump, On the PEIP-D1A04, 17 208 11535 11 A0, 11744,
TIAA0 11755, end 170 processors, (R) is used as the jump sddress wnd incremented by 1 afler
execulion of e jump.

In arder to avoid this incompatability, the TMP (R)+ is progeammed with {R) poiming back on the
jumpe itsell Cm TEA20 TR0 110, and 117135 processors, execution of the instruetion would cause
(K] o be incremented w peint o the Tollowing instrvetion, offectively continuing a normal execution
SHUENLE.

Qn the PDE-L1A4, 11734, L35, 110, Ti/45, 11728 11555, and 117 procesaors, the use af the
mitinl value of (R will cavse the jump o loop back on itssll. However, gorrect operatinn af the
autainerement will move (K) (0 point to the nect instruetion [olowing the initad umn. The jump wall
then ke gxocuted wgein. However, the destination address will be e neal iostouctioe in seguence,

TEST 4 - SINGLE OPERAND, NONMODIFYING BYTE TEST

This test focuses on une unigue single operand ingrruction, the TET. TET is & spemial case i the CPL
execulion [low since it is a non-modifving operation, Test 4 alsa tests the byte vpecalion of (his istroe-
tion. The TSTE instruction will be execated in made 1 {rerister deferred) and mode 2 {register
deferred, autoincrement].

The TSTH is programamed to operate vi data which has & negatre value maost significant byle and a
maro fnot negative) least sipnifcant byte.

In order Mot this lesl Lo opecale properly she TSTH on the low Byle mugl frst be able to aecess the even
addressed bele aad then ser che proper conditivn codes. The TSTR is then reexconied with the
aulaincrerent facility, After the auteinerement, 1he addressing register should be peinting o the righ
byle af the test data, Anather TSTH ix exevured on what should be the high byte. The N bil of the
condition codes shauld e aet by this operation.
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Corrget execution of the last TSTH implies that the autoingrement feature recognized that a hyte
operation was requested, thereby only incrementing the address in the register by ang, rather than twa.
If the coreect condition @ode has not becn set by che associated TSTE instruction, the program will
loop,

TEST £ - DOUIBLE OPERAND, NON-MODIFYING TEST
Two pon-modifying, double-operand wstructions - the compare (CMPY and bic test (BIT) - operite
an resl darg in sougce modes 1 and 4, and destination modes 2 and 4,

The HIT and £:M Pinstructions will aperate on data consisting af all ones {177777). Two separate ficlds
ol ones are wied i order to wtilize the compare instructions, and to provide a ficld large enough (o
handle Lhe sutoinerementing wf the addressing register.

Since the compare instruction is execuled on tae Delds contuining the sume dula, The expected resolt iy
trug Z bit. indicating egualicy

The BIT instroction will vse a mask argument of all ones against anolher field of 211 ones. The expecled
resull is @ non-rern canditian (2.

Bt Cilures will result ina one instruction laap,

Al the end af test 5 the register display is enabled, provided the consale emulaier rouline hus heen
selecied 1n Lhe microwwitches, The register display routine prints out the octal contents af the CPU
repislers RO, R4 5P and oid FC on the consale terminal. This sequence will be folloseed by a prompl
character (31 o e next line.

An exemnle ol o typacal printnot Tollows,

HEXEXM X e o EEMMNNX EXXyXX
5
Promnt R 4 R Ha
Churacter (SLack (d M7
Poirger)
WILE S

1. Where X sigrafics an octal number (0-7).

2. Wlhenever lhere 15 o power-up routine ot the boot switch i3 released on PDP-11,;04 and
FLOME-113 034 machioes, e PO owl this time will be scored in B35, The concents of B3 are 1hen
printed oz 1ke old PC shown in the examnle.

1. The prompting character string indicetes thal pricawry disgnastics have been run and the
PTOCHS0r 15 nperaking,

L2 Secoodary CPL aod Memory Tests
The sceondary CPU Lests imudify memory and involve the use of the siack pointer. The JMI and ISR

matructians and all destinatiod miodes are lesled. ITa fuilure is detected, 1hese tests, unlike the primary
Lests, will #xecuie a hali,

Sevondsty CPLoand memory diagnostics are min immediately alter test 3 when they have heen evaked
by meuns wther than the console emularer, provided thar the correcl microswitches have been sct, IF
the conezule emululor hay been entered ot the completion of 1est 5, the secondury CPL and TNETTIY
diugnaslivs will be run when the sppropriate boot command is aiven.
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Woee thal the user can execute the secondary CPU and memoery diagrostics without running 4 haat-
glrap program, A false bool commund (w0 non-existent device code or unit aumber followed by a
carriage return) will cause execurion of tests 6, 7. and 3 hefarg the attempt to boot is made. IT these
1ests are executed successtully. ihe device will be culled bul not Found. The processar will lrap 1o
Incation 4, which has been set up by the M9301-YE. & new PC iz abtained ar location cousing a heltl Lo
he executed at location 0,

TEST & - DOUBLE OPERAND, MODIFYING BYTE TEST
The objective of this test is to verily thal the deuble-operand, modifying instructions will operate in the
byle mode. Test 6 contains thres subtests:

L. Test source mode 2, deslinution mode 1, odd and even bytes
2. Test source mode 3, destination mode 2
3. Test source mode 0, destinacion mode 3, even byle.

The mave byte (MOVH), bit clear byte (BICB), and bir ser byie (BISB) ars used wilhin test 6 ta verifly
the gperatinn al the modifying deuble-operand fnoetions,

Sirve medifying instructions are under test, memary must be used as a destination for the test dara.
Tusl 6 uses Jocalion 500 us a deslination wddress. Later, 0 test 7 and the memary tesi. location 500 is
wsed as the firse available storage for the stack.

Mote that sinee &30 & is a byre Lest, localion 300 unplies that both S and 501 are wsed far the hyte
tests feven and odd. respectively). Thus, in the word of dara ar 500, odd and even byles are caused to be
all & and then all 15 alternately throughowt the tes1. Each byte is modibied independently af the other.

TEST 7 - 1SR TEST

The TSR is Lhe first tesl in the GO-NO GO sequence that otilizes the sgack. The jump subrouting
command (J5I) Is execuled in mades §|oand & Alter the ISR in eaecuted, the sehroutine which was
given conirol will exarmne the stack to ensure thal the cocceel ety way pluced n the correct stack
lagacion (3000, The rourine will Also enswre that che line back register poinls o the correcl address. Any
errirs deteetod in this test will result jn a halt,

TEST & - DUATL ADDRESSING AND DATA CHECK

Finully the memuory test perferms both dual addeessing and o dats chegk ol ull the svailable memory
ot L2 systert below 28K, This Lest will leave all of memory clear. Eike the secondery tests the memaory
tesl will hall when an ereer js detecied, AL the time the meamory ercor hall 35 execuled, RO will conlaio
the address ar which the failure was datected. Bd will contain the failing data patrern wnd R& will
coirdin the cxpecied data parteen, Thus after a meamocy failuee has oceurred, Lhe user can edter he
ennsale emulatar and have this information printed out inmediately by the display routine (see section
on console emulatar],

1111 TROLUBLESHOOTING
When o hall woclics, Lhe user should reboot the sysiem by pressing the BOOT/TNIT swilch. The
regisiers RO, B4, R6, and B3 will be displayed oo Lhe eriminal mchstl ocder.

B Failing address
R4 Faiting data
R Fepected duta
B Old PG

The Baenuslic proeram o Lhe MPIDL-¥E il cause the procgssor to hult at one of fowr addresses:
16560, 165620, 183834, or 165774 i the event of 4 Fulure. The wser should consult the diagnoslc
program listing to tind the failing fes and begin trouhleshooting. Possible causes of the Tuilure include
b errgrs, @ had 82301 moduole, and a had CPLL
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IL12 FLOATING DEVICE PRIORITY
The M9I01-YE assurmes the following priority of devices in the tloaring addeess space.

DIl
DHI1
1|
SINER
CUFR1

el kol &

The M33-YE will not function propeely unless the above priority and correct Cnibus addeess spas-
ing iz followed.
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CHAPTER 12
ATY3H-Y F

121 INTREODU TN
The BMY31-YF a5 designed to Munctien in PDP-11 systems. | provides bootstrappimg capahilities Tor

all major FI2P-11 devices and ineludes sautines for console emoluticn and some buasic CPU and memuo-
ry GO-NO GO duiupnastic tests.

This booilrap madole has been designed for maxinum fexibiliey of operation. [1s function may ba
imitinted in any of four wavs: auromatically at power up :c:c(:pllcun 11/43, 11/50% by depressing the
consitle hoot lI'l-'-ILp..h hyou | A1 ADDRESS and START s UETIgE; anrl hy using the consale emula-
tor Lhrouwgh a TE]’ITIIHH.l

The MUE0-Y I 15 esecntially 4 combination of the MUY A and the M9301-%YB. The MYA01-Y F can
haat from the consale switch register, but only unil mumber 0. Figore 12-1 i= o memory map for the
MA301-¥T. Nute that the TAIT 15 nol sapparted.

TraT
SOO0TSTARAR PROGA AMS
race’d
TEETTY
SONEDLE EMULATOR
OIaGNOSTICE
THEGOD
i7v a4

Figure 12-1  M%3M-YF Memory Map

The lawer addrosses, TE300-T63777, can be disabled by putting switch $1-1 in the OFF pozilion. This
would mes sddresses THSO-T657T7, allawing the user to ocoupy this addeess space.

Mule thut il switch B1-1 5 OFT, the consnle emuolator and diagnoatics are no longer uvailahle, Also,

the BLLE and PC L canmel Be boated o 51-1 15 OTT.
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122 OPEEATION OF THE M%01-YF

The user ¢an hoot a program from aoy of 11 peripheral devices by calling the hootstrap program far
that peripherat through the consele emulacer, The first rovtines Lo be executed (if DO is the contents of
the microswitches) are the pnmary CPL] diagnostics,

The display rowtine is entered automatically, This routing will type the cantents of RO, B4, B6, and RS
{node the seguence) on ihe Teletype ot terminal in actal, Pressing the conscle bont awitch gauses the
FDF-11/04 and POP-11 /34 svstems ta copy the PC into RS hefare the pawer-up sequence sturts. The
console emulater (keybourd dispuich) proetut is then entered sutamalically. This roubine types a
caceiage return, a line feed and then the prompr symbaod, 5. The user can call boolsitap programs at Lhis
point by tvping the appropriate device code. He then types an octal number following the device code
specifying the drive number (defauwlt () and hits the carriage return key. Table 12-1 lists the peripheral
bootstrap programs supporeed by the M930H-¥T

Table 12-1 M2301-YE Boosstrap Froprams

Device Description k‘ummnnd
131.11 L-ow-Speed Papsr Tape

PO High-Speed Puper Tape |FR
RK11 R KO3 /15 Disk Dinve (514
EKall REQ6 Disk Dnve D
REF11 RPR/EP] Dhsk Dieive |DF
RXI1 RX0!| Floppy Disk DrivdDX
TCL] DECiape DT
T™M11 T H} 500 bpt Magtape  [MT
Masshue Devices®

(RHIT. RHT

R303/RE0M Fiaed Head Disk b
RPM/REPISRPOG Drisk Pack Dirive 2B
TU L4 Magnetic Tape T

*Different devices on same M asshus controller are not supported.

A explanation of the functions performed by the various bootlsieap programs follows,

HX11 Diskette Bootsirap — Lowds e fest &d waords {200, bytes) of dacs from track one, seclor one
into memory localions 0-176 beginning at location 4,

PO 1 Paper Tape Reader Bootstrap — Loads an absalote lowder fecetkalied Lape inlo the upper memoery
locativns XXXT46 to XX X777 (XXX is dependent on memory size). Once laading is completed, the
bool teanafers aperation te a toutine bepinoimg at locarion XEXT5L

Disk and DECtape Baotstraps {excluding RX117 - Load [0y words (2000, hytes) of data from che
devies into memory lowationy 0-1776;,



Muaglape Bootlsteaps
T™11 - Loads second record (200y hytes maximum si2e) fraom the magispe inla memory loca-
tuan =170,

TIU16 - Loads secend record (2000; byles maximum sized from magtape into memary locations
O-1776y. (Nore that the first recard contains the Tnagtape directory. )

123 MICROSWITCH S5ETTINGS

A sel of ten microswilches is located on the M3301 module, They determine which ROM routines are
gelecied and give the user automatic acoess to any function,

The primary activating nroceases far the M9300-¥T are the ppwer-up sequence end the enahling of the
consnle hont switch, Switch %51-1 muost be i the ON position 1 order to enehle activation af the
MUENL-Y F oconsnle emulator snd disgnostics. Swedteh 81-2 15 the power-up rebol enable switch. Tt
must be OM Lo 2nable ta MU -YT on power up. ITswitch 51-2 s OTF, then 1he peocessor will trap to
lrcation 24 (as noroiwl) 1o eaecute he wser poswer-up couline, When swilch S1-2 i3 ON, the ather
switches, S1-3 through SL-10, determine what actior. the M#300-YF will take an power-up.

I the syseem ingludes a consale koot switch, then any time that switch is pressed the W9301-¥F will he
activaced. Mote that aome proceszors will have to be halted for this switch to have any elfget. Cnahhng
the console boot switch causes the processor to enter 1 ROM rputine hy greating a fake pawer-

down S power-up sequence. The wser should note that the position of switch 81-2 1 icrelevanl when Lthe
vonsale ool switch s wsed.

Fushing the console boot switch thus results in a power-up sequence in the processor through an
MY30I-¥ IF ROM routine, Priar to the power-up sequence. the M¥301-¥F asseris 773000 oa the
[.nibus address lines. This causes the new PO to he taken from ROM location 773024 instead of
location 024, The new PC will be the Jogiou] OR ol the contents of ROM location 7714 and the
eizht microswilches on the MO3M1-YE module. A swilch in the ON position 35 read as o 1], while a
evilelt o the OFF posilion is a 1 Lo thas way all the BI930L-YT options are accessible.

Each aption is given a different address, Wote that miceoswilch S1-10 is ORed with bil | of the daia in
ROM locution 771024, 519 is ORed with bit 2, ete. W o switch is pravided for combination with bit 0,
becawss an odd addeess could resolt when going through the trup sequence. Figure 12-2 shows the
rcfationship of the switches (o the bus address hits.

LOW RO W ENAELE POWER WP REBDCT ENABLE

y 4
swlgr-.':;ass"!?"‘i"?agm
cosonaeseans ¢ | 2 T= [ o =] ]
B Buiteries ' * *

o -1
OFF = 1 oA

Figure 12-2  Prarram Flowechart Toc the MQIOL-YT

12-3



iZ.4 PROGRAM CONTROL THROUGH THE MICROSWITCIILS
The micraswitches on the RMY301-YF chable the user either Lo starl 1 bootsivap opecalion o Lo enter
the canaole emulator, simply by pressing the oot switch, Note thal 1 momenlary power Failure will
have the sume elfect as pushing the boot switch, The user should also nole that he can selecl any
fungtien withoul diagnasiics by adding 2 to the appropriate actal code in the swilches.

Figure 12-3 12 a lloweherl showing three of the four modes available (o the MY301-YF usger, In these
Uaress medes (nonmal rmode, user power-up mode, und supnmatic boot mode), the chaice and sequence

of roulines is énlirely dependent on the oflsed switch settings.

Tahble 12-2 is a list of microswitch settings and corresponding oclal oodes which can be directly reloled

ta the floweharr in Figure 12.3,

‘Tahle 122  Optians and Corresponding Switch Settings

Dcial
Function 53 54 55 St =7 =8 L S1t | Code
CPL) Dhisgnosiics wilth
Console Emulatort O [|ON |ON | ON |JON il | Ly 0N [KH}
Cunsule Emuiatar
{withowt diag.)* v JON [ON | ON JON (ON | ON | OFF | 02
L P dhiag. Yeclar
Lthrowph Tocabien 24
Llser power
full rouline® QFF | OFF [ OXN | QFF | ON [ O | OFT | ON | Add
Yeclor through location
24 {without diag.}
L'ser power
Fail Touting® OFF | OFF | O | OFF |OXN | ON | OFE | OFF | 646
CPL Thae. Bool RPII* On [ ON |ON | OFF |ON | ON [ ON [ ON | D40
Boot KP1
gLzl Jdiag o [ON |ON | QFFION | ON (O | OTF | 042
CTU Diag, Boot RIPKAREO8 QN JOFT |ON | ON |OFF | O | OFF | O | 224
Buoor RIPO4 A% 700
(withowr diag.) ON | OFF | ON | ON | OFF | ON | OFFF | OFF | 226
CPU Thag. Boot RISN204 [OFF JON [ ON | OFF |ON | ON [ ON | ON | 43
Hoor K1si13/04
twithour digg.) FE | ON |ON | OFF [ON | ON | ON | OFF | 442
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Tuble 12-2

Optivns wnd Coecresponding Switch Setlings (00

Ocral
Function % b | b ) 5T i =0 S [ Code
CIU Mag. Boor Rk 11 OM | OW | OFF | OFF |ON | ON | GFF |ON | 144
Boor Bk 1L ¢without diap) O [ ON | OFF | OFF [ON | ON | OFF | OFT | 148
CPT Dae. Boul KKal(1* OFF | OFF | O | OFF | OFF | ON | ON | OFF | 662
Bool RKal | {withew diag.) OFTF | OFT | ON | OFF | OFF | O~ | OFF | ON | 664
CI'U Diag, Boot RX 11 OFF | O | OFF | OFF |ON | ON | OFF |ON | 544
Baot RX 11 {without diap.) OFF | ON | OFF | OFF | O | ON | OFF | QFF [ 540
CPU Drpg. Boot TCH* OM | ON | OFF | OFF | OFF | OFF | OFF |ON | 174
Buoet TCL] (without diag, ON | ON | OFF | OFF | OFF | OFT | OFF | OFF | 176
CPL I dag. Baot iM11¥ OFF | OM O OFF | OFF | OFF | OFF | OXN 474
Roo: T IT (withowt diae.) OFF | OGN | ON | OFF | OFF | OFF | OFF | OFF | 476
CPLU Diap. Bool TIUL6* O | ON | ON | OFF | ON | OFF | OFF [OM | 054
Boal TIULE {withowt diag.) O [ ON | ON | OFF [ OY | OFF | OFF | OFF | 0536
U Diag, Booo [IL11¥ o~ [(OFF | OFF | OFF | OFF [ OM | OFF |ON | 36d
Boor DL (withowt diag.) ON | OFF | OFF | OFF | OFF | O | OFF | OFF | 168
CPL Diag. Boot PCHLE® OFF | OFF| OFF (O |ON | ONM | OFF |ON | TM
Booo PO fwilbool disgd OFF | OFF | OFF | O [ ON | ON | OFF {OFF | 708

*Cl-1 st e nn

[, Tobhnor an o upe 51-2 o be o

-

1.5 LOAIY ADDHESS ANII START MODE

Pate: 0N = 0, OFF = |

Ao W she bl swerch s vsed. the position ot 51-2 5 irrelevant.

The wier who wishes to initiate » function othee than the ong which he has specitied in the mticro-
switches can do e wichoot reseiting those microswitches, This involves v load address. placing oo
uplion cirde 1 the switch register, and 4 start progedure, [t can be done only on machines wilh consale
sweilich reprslers. Figure 12-4 95 a prowgram Mowchare, Table 12-3 lists the switch regéster codes in tabular
farmal The uger must load addeess (730016, and then, befure pressing the START switch, he mnst
place a deviee code ar aprion code iz the swilch repisier.
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Table 12-1  Lazd Address aod Start

I.nad Addreas Haqult

LAaSJg ¥ T enter consele emulator after renning diagnostics
(S i To ender console emulator withont running diagnastics
| TAO400¥ T boot the RPEL with disgnoslics

173042 T boot the BPI L wilthoul diggaostics

173224% To boeor the RIPM, RIPDS. or BJPO6 with diagnostizs
173224 Tu boor the BRIP4, RIFOS or RJPO without diagnostics
1734401+ Ta boot the RIME ar RISK with diagnostics

173442 Ta1 boot the RIS or R1504 wathoul diggnostics
171]44% To boot the RE T with diagnoatics

[7346 To boot e RE11 witheul diaenosiics

L7 3za2* T baal the RKA11 «ith diagnostics

| T35ad* To baat the RKE] 1 without diagnostics

| Thsq4* Toy bt the X T with diggnostics

17354 T bowt the RX1 | withoul diagnosiics

175174 Ta boot the TCL 1 wich diagnastics

173170 I'o booc the TCE] withowe diagnostics

1734742 Ta boot the Th 11 wrth disgnostioy

[ 73478 Ta boot the ThIL wathout diagnostics

[ 7305+ Tn hoot the TIU 16 with diagnostica

| TAOE6R¥ T baart the TILHA seithout disgnoatics

L713pd* Tu bunl the 12011 paper tupe with diagnastics
[T13p6% T bowt the DULT without divgroslics

1T3g* To boot the PCLI paper 1ape with diagnostics

1737 K" I'o bt the PC 1T without diagnastics

Tal-1 st be O

AT e sweitebeg o she MEREYTF are seo up boodefaaln bosy e gonsole enzolinor, the shie of swieh 51-140 will
determince whother or not diagnostics are ron. 52 - 10 most he o if diggnnsiios e oo b 2000 51-1 sl wlsio e
L1M,
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1246 DRIAGNOSTICS
An explanation of the cright CPL and memory disgnoslic wesls Tollows. Theee 1ypes of tests ars includ-
ed in the MIMN-¥ b diagnostics:

1. Primury CPTT Lests [L-5)
2. Becondary CPU Lests (6, 7
3. Memory est (8}

1Z.6.1 Primary UPL Tests

The primary CPL tests grercise all unary and double operend instructions with all source modes.
Theee tests da oot modidy memorey. TE g Tailure s deleceesd, a branch-zelf (BR ) will be executed. The
run light will stay on, because Lhe processor will bang it a loop. bul there will be no register display.
The user musl use 1he Tall switch o exit from the loop, If no failure is detected in tosts 1-5, the
processor will emerge foom the iast test and enter the register display routing (consede emulytor).

TEST | - SINGLE OFERAND TEST

This test executes all single operand instructions osing destination maode {1, The basic ohjective is Lo
verify that all simgle operand instructiony ppetate; it also provides 8 cursory check on the operation of
cach matruction, while enguring that the CPU decodes euch instroction m the cormecl manner.

Test | Leels the deslialion recisiec o s three possible slares: @erc, negative. and positive. Each
instriciion operales orl e repister contenes in one of four wavs:

[, Daca will be changed via a direct operation. i.e., increment, clear. docrement, ere,

2. Flas will be chunged via an indirect operation, e, arithmetic shifts, add carry, and suberact
CATTY.

3. Data will be unchanged, bul operated upon via a direcl cpecation, e, clear a eepister
already containing zeros,

. 12ata will he unchanged hut examined via a non-modifying insccuction (TEST.

NOTE

Wieen operatng wpon datn io oo indirect manoer, the
data is moditied by the stare of the appropriate com-
dition code. Arithmetic shift will move the C bit into
ar gut of the destination. This operation, when per-
fermed corecctly, implics that the O it was set cor-
reedly by the previows instroction. There are oo
checks on the diia inteprily privr te the end of the
fesl, Howerer, a check is avade oo dbe eod result of
the datn nrandpulntion. A cocrect result Lnplies dal
all ingrructions manfpulated the data In the correct
way. [f the dara is incorrect. the program will hang in
a program loop until the maching s halred.

TEST 2 - DOUEBLE DPERAND, ALL SOURCE MODES

Uhas tewt verifics all donble operand, general, and logical instructions, eack in ane of the seven address-
ing modes [2xcludes node 0. Thas, two eperaliaons are checked: the correet decoding af each douhle
operand instruction. and the correcl operation of each addressing mode for the source vperand.
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Each instrustion in the test musl eperate cocrectly in order Mor the next instraction to operate. This
interdependence is careied through wo Lhe Jast instroction [hit test) where, anly through the correct
exgpution of All previous insteuctions, a dualy beld is eaamined lor 3 specific bif configuration, Thus,
cach instructian prioe to the last secves Lo selL up the pointer to the test data,

Two chegks on instruction vperation are made in test 2. One chegk, a branch on condition, is made
following the compare instruction, while the second v made as the Tast instruction in the test sequence.

HSinoe the (O-MOF (GO (st regide in ROM memory, all dote munipulation (modificationy muat be

performed in destination mode 0 (register containg data), The data and addressing conslunts used hy
1esl 2 are conlained within the ROM.

it 18 rmpareant to note that owo different types of operalions must execute correetly in order far this
test o1 operste:

I. Those ingtructions that partigipate in computing the fnal address of the daw mask for Lhe
linal hil test instruction.

ka2

Thurse mslruclions Lhat munipulate the test data within the register to generate the expected
hil paltern.

Derection of an ercor within this test resules in a progrum kip.

TESE 3 - JUMP TEST MODES 1, 2, AND 3
‘The purpose al this fese iz (o ensure correct aperation of the jume instruction. This tesl s construcled
50 Lhal only o jump te the expected instruction will provide the coreect pointer for the nexr insteuction.

Thers are 1wo possible tailure modes thal ean occur 1m thiy test:

I, The jump addressing circuitry will malfunction cowsing a transfer of execulion 1o an
ingorrest inscruction sequUENes OT TON-CRistent memory,

2. The jump addressing circuitry will malfunction in such a way as to guuse the C P (o lonp.

The latter vuse s o loeical ecrar indicatar, The Tormer, however, muay manilest itsel[ as an altec-the-Tact
errer. For exatiple, i the jump cavses conteol Lo Be piven e other coukiones within the Mo301-YT, the
inlerdependent instruction sequences would probably cause a failuee 10 eventually oocur, Lo any case,
lhe Failing of the jump estroction will eventually cause an oul of sequence or jllegical event wo accur.
This in wself is o meaningtfie] indicator of 2 malfunctioning CPLU,

This tes0 contains A jump mode 2 instraction which is not compatible acrass the PI?P-11 [ing, How-
ever, it will operace on any FIDP-11 within this test, doe to the unigque programming of the instruction
within tesc 3. Belore dlustrating the operution, it is important 1o understand the differences al the jump
mirde 2 belween machines.

O the PTYP-112200 11703, 117158, and 11714 prageasors, for the jump mode 2 [PMP(R ) ] the 2enisior
(RYis ingremented by 2 prior to execution of the jump. On the PLIP-1T:/04, 171,34, 11735, 11/7/30,11/743,
1ML 1L/55, and 11570 processors, (R} s osed us the jump address and meremented by 2 alier
excoution af the jump.

Tn order to overcome this moopalebility. the JMP (R4 s programmed wich (B pointing back an
the jumpe ilsell Gn TLAS, 11710, 11515, and L1720 processors, cxecution of the instruction would
vause (R1 1 be incremented to point to the tollowing imstrugtion, effectiveiy continuing a noreooal
cagilion SCguence.
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On the PRP-11,04, 11734, 10,735, 1400 1045, 11750, 11755, and 11770 processars, the wse of the
iniial vulue af fR‘.n will cause the Jump 1o ]uu-p back on itsell However, correct operation of the
aubimingrement w1l moeve (RY e point (o the el instruction fllowing the Jnmal_ulmp The jump weill
then be execuled apain. However, the destination address will be the next instruction in sequenee.

TEST 4 - SINGLE QPERAND, NOMN-MODIFYING BYTE TEST

Mhis iest Tecuses on the one single operand instruction, the TST, TET is a special case in the CPU
execulion Mew since il is 2 not-modifying operation. Test & alap tests the byte operution of tis inslrue-
tion. The TSTH instruction will he cxecuted in mode 1 (regster deferred) snd mode 2 (regpster
deferred, autainerement).

The TSTH s progremmed Lo aperale on data which hes a negarive value most significant byre and a
e (ool nerulive) [east sipnificant bye,

[n order for this st 1o operate properly, the TSTE on the low byte must first be able tn agcgss the even
addressed bvte and then set the praper condition ¢odes. The TSTH is then reexecuted with the
autoinersment Fazility. Alter the autoinceement, the addressing remster should be pointing 1o the high
byte of the test data. Another TSTH 15 executed on what should be the high byte. The ™ bit of the
condition codes should be set by this operation.

Correcl execution of the last TSTB implies that the auroincrement recognized that a byoe operation
was pequested, thereby anly incrementing the address in the register by one, rather than twa. IT the
cotregt gondition code has not heen ser by the vsspciated TSTB mstruction, the program will Toap.

TEST 5 - DOVUBLE-OPERAND, NON-MODIFYING TEST
Two noen-mudifying. deuble-operand instructions are useéd i1 this sl - he compare (CMPY and bi

lesl (BIT). THese e inslrUclions uperale on lesl data in source modes | and 4, and destinalion modes
2and 4.

The BI'T and CM P instroctions will nperste on duta consisting of all ones (177777, Twao separate figlds
el wnes ure used in order to wlileze the sompare instructions, snd o provide 4 Mield lerge enoweh to
nandle the suloincrettenling of Lhe sddressing cegisler.

Bince the compare instruction i exccuted o0 two Aelds containing the same daty, the expected result is
dtrae 2 bit, indicating sguality.

The BIT instruction will use a mosk acgument of all ones against another held of all enes. The expected
eosull is o aon-zero coeadilivo (27,

Mt Funlures will result an 2 ong instructinn laop,
Arthe end of sl 3, the reaister display rouling is enabled, provided the consale cmulatar has been
selected in the micraswilches, is enabled. The repister display rovtineg prints out the octal contents af

the CPU registers RO, B4, SP, and eld PC on the conpsole terminal, This sequence will be lollowed by o
prompt character (% an the nest ling.
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An example of a typical printout follows,

EXNXXX XN MKXN HENMXX XAXNENY
5
Prompt R0 R4 o Ri
Characler (Stuck (CHd P
Painter)

NOTES:
1. Where X gignifics an octal number [0-T),

1. Whenever lhere 15 4 povwer-up rouune or 1he bool swicch is releaszed on PDP-11T4 and
PDP- 11734 machines, the PC ai this lie will be stored in RS, The conrents of RS are then
prinled as the old PC shown in the example,

Lt

The prompring character siring indicaies that dizgnostics have heen run and the processor 1
aperating,

12.6.2 Secondary C'PL and Memary Tests

e sccondery CPL tests modiy memory and involve the use of the stack pointer, The JMP and J5R
instructions and vl deslinalion modes are weseed, IF a failure s detected. these tests, unlike the primary
tests, will execute v hall

Secondary CPU and memory diagnostics are run immediately after test 5 when they have been evobked
bv means other than the consele emulator, provided that the coerect microswitches have been se [
the console emulator has heen entered b the completion of test 5. Lhe secondaty CPU and memory
diagnostics will he run when the appropriate beot command 5 given.

In coptrast 1o the M34H-Y A und MO303-YB, the MY3-YF reacts to a false boot command (an
invalid sddress codey by wapping 1o location 4 with the end result being a balt o diagtustics are
selected. This halt should not be interpreted as a diagnostic teat failure.

TEST ¢ DOLUBLE DPERANI, MODIFYIMG, BYTE TEST
The ohjceiive of this test is to verify that the double-operand, modifying instructions will operute in the
byte mode, Test 6 conlains three subiests:

1. Test source wode 2, destination made 1, odd and even bytes
2. Tesl source mode 3, destination made 2
1. Tesl source mods 0, destination made 3, even hyte.

The move byte (MOYEY. bit clear byee (BICB), and bit seL byte (BISB) are used within test & to verifly
Lhe aperation of the madifying douhle-operand funclions.

Since modiying mutructivns are under test, memary must be used us a desiination for the lest dara,
Test & wses Jocation 500 us a destination address, Later, in test T and Lhe memory test, location SIK) i
used ax the first available storage for the stack.

Wole hal sinoe test & is a byte test, Jocation 500 impiies that bath 500 and 50+ are used for the byie

bests {even and odd. respectively). Thus, in the word of data at 500, add and even byles are caused to be
all s and then all 15 alternately throughout the iest, Fach hyte is modified independently of the other.
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TEST 7 - ISR TEST

The JSR 15 the first lest in the $O-NO GO sequence that wtilizes the stack, The jump subroutine
command [J5R) is execuled i modes | and 6, After the ISR is executed, the subroutine which was
given cantral will exarmine the slack Lo ensure 1hat the correct data was placed in the cnrrect stack
tocution (S00). The rouliae will alse ensure that the line back register points to the correct sddress. Any
errars derected in this cest will result in a halt.

TEST & - DUAL ADDRESSING AND DATA CHECK

Finally the memory test performs bolh dusl eddressing and a data check of a1 the available memary
an the sysiem below 2EK . This test will leave all of memory ¢lear, Like the secondary tests the memary
lest will hale when an error is detected. Ac the time the memory eerar halt is executed, B4 will contuin
Lhe address at which the failere was detected, RO will contain the failing datz pattern and K6 will
gontain the cxpeced dat pattern. Thus after 3 memary failure has pecurced, the user can enler the
gonsole cmulator and have this information printed oot immedistely by the display rouline (See seclion
o cnnsole emulator).

1.7 TROUBLESHDOTING
When @ halt occors. the vser should eeboot the system by pressing the BOOT/INIT switch. The
eegizters RO, B4, Ro, and B35 will be displayed on the terminal in that order.

.4 Fxpected duta

HAl Hecoived data

Kh Feiling address (5P
RS Ol PC

The diagnostic progeam in the MY301-Y F will cavse the processor to halt at one of four addreases:
630G, 163662, 1653670, nr 165377, The user should consult the disgnostic program listing ta lind the
failing test and begin troubleshooting. Possihle pauses of the Tsilure include bus errors, o bad A9301
rreedude, and 2 bad CPLY.

12,8 RESTAETING AT THE USEE I'OWLE Fall ROLTINE

1 the user wishes 1o eestart sofiware an a power-up. he may do 5o by merely disabling the power fail
restare switeh in the microswicches [turn awitch 51-2 OFF). Hovwever, the wser can use the M9301-YT
L fun diagooestics {lhe peutacy CPU 1es1s just dasceibed) before running bus power-up roeutine. This
wiil in oo way disturk e contents of memory and will in fact verify the machine’s basic integrity afier
the power-daown and -up sequenss, [n arder to wse this aption, pui the code 644 into the microswitches
i3 described proviously, Switch 8149 must be OFF, This will resubs jin the running of the primary CPL
diagnastics and then a simulaced irap through 24 which will start the vser’s specified power=up routing.
LF the cade 046 t5 placed in the microgwitches, then the simulated trap through 24 35 executed without
running any didgnostics,
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CHAPTER 13
W9301-YH

13,1 INTRODUCTIONMN
The M9301-YH has been created to provide bootstrapping capabilitics for the POIP-11/6 and FIp-
11770 camputers, It also provides basic diagnostic tests for the CPLL memory. and cache.

The MYW1-YH pravides Nexibibity of aperation via wser-settable microswitch options. lts functions
can be imiiated aotomatically on power-up, by pressing the consale baot switch (FDP-117600, ar by a
lvad-address starl segquence.

NOTE
For the PRIP-11/610, Jompers W1-W5E must be oul.
(W 1-W3 provide pull-ops for bus gramt loes. ) For
the FIXH-11/7T0, jumpera W 1-W5 most be in.

132 MEMORY MAT
The fiour triscaee BOM: which contdin the program information ose twoe distinel addeess spaces:

1. XXXGSI0-XXXa577h
20 KNXTIO-XXXTATH

All the diagnastic tests reside in the firse address space, All the boatsirap loadecs reside in the second
address space (Figurg 13-11,

AAETIITH
HUUTSTRA,P
FAGCK Ra k=
KX ETI
ExMAar
CaCHE TEST
MEMOHY FEST
CF TEST
AN AREHIN
112174

Figurs 13-1  M2301-YH Pragram Memary Map
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1.3 DIAGNOSTIC TEST EXFLANATION

The dizggnostic portien of the program will test the bagic CPL! including the branches. the registers, all
addressitg modes, and muny af the instructions m the PDP-11 reperteire, It will check memory from
virtval addeess 10O Lo the highest wvailable address up to 28K, After main memory has been verified,
with the cdache off. the cache memaory will be tested to venilv that hits oecur properly, Main memory

will be seanned aguin ta ensure that the cache is working properly throughout the 2EK of memory (o
be uzed in the bool operalion.

If one of the cache memory tests fails, the operator can atlempt Lo boat the system anyway by pressing
continue. This will cause the program to force misses in both proups of the cache before going to the
baotsleap section of the program.

A Dsl of the M03) L-YH diwgnostic 1ests Jollows.

TEST 1 This test verifies the unconditional branch

IeST 2 Test CLR. MODE D, and BMI, BYS, BHL. BLOS

TECST 3 Test DEC, MODE O, and BFi., RED), BGE, BGT, BLE

TEST 4 Test ROR, MODED, and BYC, BHIS, BH]1, BNE

TEST & Tesl BRI, BLT, and BLOS

TEST & Test BLE und BGT

TEST 7 Test regisler dula path und modes 2, 3, 6

TEST 10 Test ROL, BOC, BLT. and MODE &

TEST 11 Test ADD, INC,COM, and BCS, BLE

TEST 12 Test ROR, BIS, ADD. and BLO, BGE

TEST 13 Test DEC and BLOS, BLT

TERT 14 Test COM, BIC, und BGT, BGE, BLE

TERT 15 Test ADC, CMP, BIT, and BMNE, BGT, BEQ

TEST 14 Test MOVB. SOB, CLE, TST and BPL. BNE

TEST 17 Test ASE, ASL

TEST 20 Test ASH, and SWAB

TEST 21 Test JSE, RTS. RTI, and JMF

TEST 22 Test main memary from virtual 10K 1o highest
availahle address up to 28K

TEST 23 Test cache duta memory

TECST 24 Test memmory 23K with cache on

13.4 DIACMDSTIC TEST DESCRIPTIONS

TEST 1 - This test verifies the unconditlanal hranch.
The registers and condition codes are all undefined when this iest 15 entered und they should remain
that way upon completinn of this test.

TEST 2 - Test CLE, MODLE 0, and BM 1, BYS, BlIl, BLOS,
The registers and condition codes are all undefined when chis fest is cotgred, Lpan completion of this
lesl the 8P (B&) showld be zero and only the & fip-flop will he set.

TEST 3} - Test DEC, MODE i, and HPL., BiE, HGT, RLE.

Upon entering this test the condition codes ares N =0, 2= 1% =L und T = 0.

The vcgisters arg; R =7 R1 =9 R2 =1 RI="7 R4 =7 K3 =7 uml 8F = (000,
LUpan completion of this test the condition codes will be: N = | £ = 0. ¥ = [ and = 0,
The cegisters alfectled by (he tese acer SP = 177777,
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TEST 4 - Test ROR, MODE 4, and BY C, BHIS, BIII, BNE.

Upen entering this test the condition codes aree N = | Z =0, ¥ = [, and C = 0.

The regisiers ure: RI=7, BRIl =7 R2 =2 R3I =" R4 =7, R3 =7 and 5P = |77TIT.
Upuen completion of this 1est the coadition codes willbe: N 20, 2 =0,V =] and C = |
The repisters atfecred by the test are: 5P = 077777,

TEST 5 - Test BEHIL, BLT, and BLOS,

Upon entering this lesl the condition cedes aree W =0, Z =0, ¥V = 1, end C = L.

The registersare: B0 =T, K] « T BRI =7 Kiwm 7 R4 = K5 =7, and SF = 077777,
Upon completion of this test the condition codes wilkbe: N = 1, Z =1, ¥ = |, and C = [,
Thi registers are unaffected by khe test,

TEST & — Teat HLLE and HECT.

llpon entering Lhis test the condition codes ate; N =1, £ =1, ¥ = 1, and C = |,

The cepsters ares B =T RI =" R =1 Ri=17 Rd =7 RS =1, and SP = {R7777,
Upan completion of this test the condibion codes willlbee N =1, £ =0, v = 1, and (O = 1,
The cegisiers ure anallected by Lhe Lesl.

TEST T - Test register dara path and moedes 1, 3, @,

When this test ia entered the condition codes are: N = | Z®w 0. ¥V = |, and C = 1.

The registers ares R =2 Rl =Y RE=" Ri =" Rd =7 R5 =" and S* = 077777

Upen completion of this test the condition codes are N =0, £ =1, ¥ =0, and C = 0,

The registers are letl as follows: B = 125252 R1 = 000, R2 = 125252, R3 = 125252, B4 = [25252,
R3 = 123252, 5F = 125251, and MAPLOD = 125252,

TEXT 10 - Teat RO, BCC, BLT. and ¥ODE 4.

When this test 35 entered the condition codes aree W= 0, £ = |, ¥ = 0. and T = 0.

The rerislers ure: RO = 125253, B1 = O0IKHY, RE = 125252, B3 = (25252, R4 = [25252, RS = (25252,
SP = 125252 and MAPLO = 123253,

Upon vempleton of thiy test the conditton codes are: ™ =0, 2 =0, V= |, and C = L.

The repisters ure lell unchenged excent for MAPLOL which should now equal 052324,

TEST L1 - Test ALD, INC, L9636, and BCS, BLE.

When 1his test & entered Lhe condilion codesaree W =1L 2 =LY = l.and T = .

The registees are: RO = 125252, R 1 = 00000, B2 = 125252, R = 125352, R4 = [ 25252, RS = 125151,
SP= 125057 and MAPLOD = 052524,

Lipon completion of this test the condition codes are: W =0, Z =1, ¥ =4, and =1,

The rewisters are left unchanged ¢xcept for BRI which now eguals 000000, and R which is alag I,

TEST 12 - Test RDR, BiS, ADD, and BI.CY, Bi:E.

When this test is entesed [h-E mnd:l:cm u:u:l-:q sres =LA =1,V =0, and C = .

The repisters are; R = 125252, B = OO00O00_, B2 = 1258282, B3 = {LIKHN), Rd = 125252, R& = | 25252,
snd SP = 123232

Upon completion af this test the condition codes aree W =0 £ =1, ¥ ={l, and ¢ = 1,

The eegislens ure lelt unchanged except for B3 which should be modified huck to (AR, and B4 which
should novw egqual 052535,

TEST 13 - Test DEC aund BLOS, BT,

When this test is entored the condilion codes ure: W =0, 2 =1 ¥V =, and C = Q.

The rewrivterg arg KO = 1253252, B 1 = 000000, B2 = [25252, B3 = D000, B4 = (152525, 5 = | 25287,
and §F = 123132,

Lo completion of this test the eondition codes uee N =1, F=0, ¥V =0, and C = .

The registers ste left unchanged except tor R 1 which showld now squal 177777,
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TEST 14 - Test COM, BIC, aod BGT, BLE.

When this test is entered the condition codes are: N= L Z =0,V =0 and T = [,

The registers une: RO = 125252, K1 = 177777, B2 = 125252, B3 = 000000, B4 = 052525, R = (25252,
and 5P = 12525

Upon completien of thia test the condititon codes are N = 0, Z=0,¥ =1, and C =1,

The regiaters are left unchanged except for RO which should now equal 352525, and R 1 which should
now equal 52524,

TEST 15 - Test A, CMP, BT, and BNE, BGT, BEQ.

When this est 15 entered the condition codesare W w0, Z @ 0, V= | and C = 1.

The repislers wre: RO = 052525, R1 = 052524, R = 125252, R3 = (D000, Rd w 032325, RS = 25251,
and 5P = [25352,

Lpon completion of this test the condition codes wree W =0, £=1, % =, and C = 1.

The registers are now; Rit = Q33525 R1 = Q0O000, B2 = 125252, B3 = 000000, R4 = 0582425, RS =
52525 and SP = 125252,

TEST 16 - Test MOVE, SOB, CLR, TST ang BP1., BANE,

When (his test is enlered the condilion codes wres ™ =0 A =1, ¥ =41, and ' = 1],

The registers are: RO = 052525, R | = 000000, B2 = [25252, B3 = 00000, R4 = 52425, K5 = 052525,
and 8P = 125252,

Lpon completion of this test the condition codes are N= 0, Z= |, ¥ =0, and C = 0.

RO 3 devremented by an SOB instruction to OUOIKEE, R I is cleared and then inceettented around to
(LLELLIN

TEST 17 - Test ASKR, ASI.

When this test is entered the condition eodes are N =0, A2 =1, ¥ =20, and C = [},

The registers are: RO = 125252 R = 00000, B2 = 125252, K3 = (00, R4 = 152525, RS = 052525,
and SI* = 125232,

L' pon completion of this test the condition ocodes ares N =0, Z =0, ¥ =0, and C = 0.

The registers are left unchanged except for RO which is now equal co O0O0OE, R which is mow 030001
ang B2 which 15 now (KHEHK),

TEST 2 - Test ASH, and SW AR

When this test s entered the condition codes gres W =0, Z =0, ¥V =0, und T = 0

The ceraslers are: RO = 000000, B = 000001, B2 = 000000, B3 = 000000, Rd = 05325325 R5 = (1525825,
and 5 = 123252,

LUpon completion of this test the condition codesares N = 0, 2 =1, ¥ =0, and C = |,

The registers are left unchanged except for B L which should now equal 1IKHKNK),

TEST 21 - Test ISH, RTS, KTI, IMP.
This test first sedn the stack pointer to “KIOPART {172376), und then werifies thet FSR, RTS, RTT,
and IMP ull work properly.

(In enley Lo this test the slack pounter (SP) is indlbalized (o 172376 and is lefl thad wav on exit.

TEST 22 - Test main memory from 1K} ro highest available address up o 2XK.

Thisz test will rest main memary with the cache disabled, from virtnal address NN En the Jase address
(g to 2K ). The memary s gized before testing heging, |7 the dats does not compare properiy, the test
will halt ac gither 163316 or LAS536. [F w parity error occurs, the test will hall ul address L6570, with
P+ 2 on the stack.

In this test the repislers ure initialized as follows: B4 = GOIOKL, R = 124TA REAIY, K2 = {000, K3
= 177746 |cache contral eepister), RS = lagt memory address, 8P = 774
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The following two Lesls ure cache memocy tests. I either of them fails 1o run successfully it will come (o
a halt in the M9IOI ROM. I you desive 1o ey 10 boot your svstem, or diagnostic 4y way, »ou can
press continue and the prograco will Toree musses in boch proups of the cache and ga to the boolstrap
that has been selecled.

TEST 23 - Test cache data memary.

T his test will check the data memory tn the cache, ficst prowp O and then geoup 1. Oo the PDP-11 760,
proup ¥ is the 1op 05K af cache and proup 145 the bollem 05K of cache. It loads 125252 inco an
aldress, complements it twice and ceads Lhe data. T then checks thal address 1o ensure the data was a
hil. The sequence is cepeated on the same address with 032525 as the data. Aldl cache memory data
localions are tested in (his way, If either geoup fails and the operalor presses continue. the program
il (ry 10 boot with the cache disabled,

The cepislers are tnitialized as Tollows Tor this tesl: BO = 01000 (addeess), B = 900002 (ceunt), B2 =
Q000 (eovnty, BY = 1TIT46(CCR), B4 = 123250 {pallern), L3 = last memary address, SP = (K774
(Mag of zero pushed on stack).

TEST 24 - Test up to 2BK of memory with ciche on.
[his test chegks memary from GROI000 through 157776 1o ensuse that vou can get hils akl the way up
through main memary, 1t starts with group | enabled, then 1ests group 0, and Onally checks memory

with both groups enahled. IF any ane of the three passes fails. the test will halt. Then if the operator
presees cenbimue, the program will try to hoot with the cache disabled,

Lipan enory the registors will be ser up as follows: RO = QUK Caddreess), B.L = 000003 {pass caunl.
R2 = OUWICHE (firse sddecss), B3 = 177746 (CC R RS = last mamory addeess, and SF = 00776,

U.putn completion of this west, main memary from address G010 through 1537776 will conluin ils awn
arld ress.

13.5% [NSTALLATILON

A al-puck on the MY cantaining 10 micreswitches determines whual actians the MO0 RO
program will luke. The varinus migraswitch aptions are provided 10 pive the wser a Mexibility of
aperation and an ability to use the moadole 0w wide variety of system configurations. Following iz a

descripdion af the fanetions pravided by the miceoswitches. Tuble 13-1 hsts the Tuncezion of zach switch,
und more detailed explanations follow.

Tabla 13=-1 Nicroswiich Functiuny

Switch Funitinn

Si-10 ON selects L1/, OFF selects 11,7X]

51-% OM selects dingaoslies, OFF selects ne disgnoatics

51-5 O FF boot from device selected i microswitches
M hoot from device selacted in console switch regisler

51-7 1.5H

51-4 o

g 5 devigs code

514 M5B

41-3 OFF selects all diagnoatics
O aclects all diagnostics except 2 1-24

51-2 Powzr-up reboot cnahle for 11,70

51-1 T.ow RO cnablc
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Microswitch 51-10

This switch iy used Lo select the provessor type. If the MY301 18 used an the PDP-11 760 processor, Lhe
gwilch should be ON. If it is a PDP-11 /10 processor, the switch should be OFF_OFF is indicated by a
I (or light lit) when bit 01 at location 773024 (17773024 for 11/70) is read.

Microswlich S1-%
If this switch is O FF, then none of the diagnostic tests can be executed, 1f the switch is ON, then the
F.OM program will enter the diagnostic test section, The execution of the memory modifving tests

{ISEK, ETS, RTI, memory test, cache test) depends on the setring of mieroswitch 51-3 described Jater,
QFF iz a 1in bit 0% at logation 7734124,

Microswitch 51-8

If thiz swilch 15 OFF, the ROM program will nol check the congale swilch regiscer, bur wall boot from
the device specified in (he microswitches < T:d>, If this switch is 0N, the EOM program will check the
consale switch register and boot accordingly {Paragraph 12.5). This microswitch option has been
provided for installation environments which cannot assure the integrity of the cansole switch register
gontents (on power-upd, OFEF da a1 im bt 03 at location 773024,

Microswitch <%1-1:51-4>=

These Tour microswilches should be sel up to the device code. 1o select the desired device to oot From.
Thiz device is wstally refeered o as the default device, Drive 0 of the default device will he used.
Puragraph 13,7 pives the various device codes, While setting up switches <7:4 > lor the device code, il
shuld e remembered that 3 macraswitch in the OMN position gives a 0. 1n the OTF pozilion il eives
L. Switch 4 &5 che MSH, and switch 7 15 the LSB.

Microswinch 51-3

If this switeh is O FF, then the memoery-maodifying tests (tests 21, 22, 33, 24 described previous]y) will
he exeeuted before booting, 16 the switch is OMN, these tess will nol he executed, thus saving the
previaus core image. Microswiteh 81-3 is sensed only if microswitch §1-9 is ON. OFF i a 1 for bit 8
at lncation TTA024,

Mivroswilch 51-2
When vsed with 3 PEP-11,60 proocssar switgh, $1-2 should be OFF. {On the PDP-11 /60, if the boat
o0 powet-up option is desired, the slide-gwitch on the console should be set in the boot pasition.)

Q0 the PDP-11/T0, the boat an power-up eptiot i available if the following conditians are et

I, ECO 5 iz installed
2. Jumper W6 is installed, in agenrdance with ECO 5.

If these conditions are satisfied, then the boot on power-up option can be selected by putting micro-
swilell S1-2 QM. If the conditions are not met, switch 51-2 should be OFF,

Micraswirch 51-1
If awiteh %1-1 15 OTF. the low ROM {addresses XX XO3XI0-XXXA5TTEY 15 disubled. The gormal
position of switch 1 38 ON. since Lhe diagnostic portion of the program resides o Lhe ow RO,

13.6 STARTING FROCEIMCRE
The Baolstrap test program ¢an he started in one of the [ollowing w&ys

Aptamatically an purder-un

1
2. Tressing the baat switch on the console {only far PEIP-11 7640
1. Load address und slart sequence from the conanle.

13-6



13.6.1 Power-T.p Start

rDr-11/40

Oy the PIP-11 560, a 3-position shide-switch {BOOT /RUMN /HALT) is provided on the console. I this
switeh s im the bool pozitlion and pawer-up oocufs, aulomatic booting will take place feom the device
specidicd in the microswitches (Figure 132),

FDP-11/70

If&1-2 s ON. ECO 3 15 installed, und jumper W-h is instulled, un gutatmetic hoot on power-up #ill
accur from the device specified in the microswilches ot console switch reeister (Tigure 13-3).

PDP-11/6 and FIRP-11,T0
Cin power-un baaot, the default device specified in microswitches <S1-T:5 14> will be uged il

1. Microswiaich St-8 is OFF ar

e

2. Microswiich 31-8 15 OM and the low byte of the conscle switch register is a zero. {On the
PDP-11/60, the console swilch remster is cleared on power-up.)

Other microswitch options are specified Paragraph 13.4.

Boul Switch Mode

Thiz mode 13 availuble only on the PIOP-11 /60, Automatic booting wilk take place if a power up acours
when the slide-switch un the consale i in the hoot position,

13.6.2  Power-Lp Boot Exsmples (11/60 voly}

A TUHID - %ot the micraswitches as fallows.

51-1 51-2 51-3 81-4 5.5 51-6 =21-7 S1-f* &1-9 G1-10
O OFF OT'F N OM N QFF oM 0N QM

On power-up, the syatem will execule sl dispnostics and boot the TTI10.

B REKDS - el the microswatches as Follows:

!ﬁ]-‘I 1.2 §1-3 a21-4 81-3 51-6 &1-7 51-B7 51-% J1-10
O CHFF OFF N N OFF OFF OFF OFF O

Oy power-Up the systemn will boot drive 0 of the RKOS without executing diagnostics.

*Mnle Ll un be 11760 the posicion of %1 -5 i3 irrelevan], because the comeole switch Tegiscer is cleared futan-
ically. Bur if 5815 CF L. the program will never 1onk wi the consu le swatch register, even it a LOA D ATDRESS
and START s auempled. Also, the M9301-YH can defiull vnlv Lo drive 0 of any deviee.
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1363 Load Address Stace Viode
1 hiz mode allows the user ta baat from any deviee and unit number specified in the console swilch
rerisler.

O the P11 60, load address 773000, On che PIIP11 /20, Inad address 177730600, Then the swich
register should be Joaded with the approprate deviee code (Figures 13-1 and 133},
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AW RLEG <a:3> conteins the device code (B=12), 3W REG < 20> containg the drive unit pumber
(0=T). The device codes are a3 follows:

n Llsg the device specificd in microswitches <8 1-7:514>.
1 TMI11/ T Magnetic Taps

2 TCLTUSG 12E tape

i RKIT/RKDS Dhsk

4 EF1/RFO3 Dhsk

5 RKall/RKOG Dnsk

f RHIL-EHT0,TU 16 Magnetic Tape

T RHII-EHWMEPM Drisk

in EHII-RHTD RS04 Fixed Head Drisk

1l KX11/RX0L Flappy 13isk

12 PCIL Paper Tape Resder

In order to use the LOAD ADDREESS and START sequencs, micraswiteh 51-8 must be in the ON
peasition.

1364 LOAD ADDRESS and START Examples (11,7 onfy)

C. RS- %ot the microswilches a5 follows:
51-1 &51-2 513 o ! Bl-3 El.a S1-7 51-K Si-0 S1-10
OM O™ OM - - - - O™ O OFF

Lowd address 177TINNH),
Load 1035 in the consale switch register,
Slart.

The systern will boat fram drive number 3 of the RS04 disk drive,

13.7 ERRORS

A list of erear halts indexed by the sddress displayed is shown in Table 13-2,

Ifthe bootsiesp operation fails us a result of @ hardware errar in the peripheral device the program will
du u reset instructinn and atlempl to Boot again,

L3N OFERATOR ACTION AND ERHOR RECOVERY

IT the diaenastic postion of the ROM proeram detecls an grror, the processar will hall. The address
displayed should be noted, Paragraph | 3.6 conlaing a cross-reference of address displaved versus fost
number and subsystem under test. For [urther decails, refer to the listing for the ROM program.

et af the errors deseribed in Table [3-2 are hard failures, and theee may be no reoovery from g,

1 the processor hulls in one of the two cache kests, errer cecovery js possible. When conlinue js presscd,
the proeram will either attempt to finish the tesl (KXX6560 or XM X65720) or force misses in hoth
aroups of the vache and artempt Lo bool wilh the @ehe Tully disubled (KXX6514, XXX63T5E, or
HEXRSTEN,



Table 13-2 Error Halts Todexed

Address Thsplayved Test Nukiber und Subsystem Under Toest

X NG Test L, Branch Test

MM as0 Test 2, LK and Conditional Branch Test

AEKXO6MA6 Test 3, DEC und Conditional Branch Test

L L Test4, ROR and Condivdonal Branch Test

L L Test 5. Conditional Branch Tesl

XX NAMITh Test 6. Conditional Branch Test

NEXXKA5126 Test 7, Kegister Data Path Test

HNENA5136 Teat 10k Conditional Branch Test

HANE5154 Test 11, CPL Instruction Test

XXXGL]T2 Test 12, CPU Instruction Test

XX RES202 Test 13, CPU Instruciion Test

XXXG3210 Test 14, CPL Inscruction Tesl

KX Xn5224 Test 14, CPU Inscruciion Test

KM KAS2A0 Test 15, CPL Inscruction Test

XX XG50 Test 16, Branch Test

XX Xa5300 Test 16, CPL Lnsiruction Test

NX X651 Test 17, CPL Instruction Test

XXXE3152 Tesl 20, CPL] Tnstruction Test

XXEEIITE Test 21, JSR Tesl

XXX G5 M, Test 21, JTSK Tesl

MAEOSALG Test 21, RTE Test

L CLER Test 21, RTI Test

XA XE5435 Test 21, IMP Test

X EXEA520 Test 22, Muin Memory [3ata Compare Error

XXXLI540) Test X1, Main Memory Data Compare Error no recovery possible From this
e rir

XX XM a5604 Tese 23, Cache Memary Dala Compure Error

EXES5014 Test 23, Cache Memary Mo Hit
(pressing continue here will gause boor attempt, forcing cache misses)

XXXA5720 TesL 24, Cache Memaory Mata Compare Ereor

MM HG5TAZ Test 24, Cache Memory Mo Hit
(prassing continde here will cause boot attempe, forcing misses in the cache)

KXXn5Taz Tear 22, 23, or 24, Cache Memory or Main Memory Parity Error, (Examine
memery erroT regiater 777744 1o find oul mare) 10 cache parity errar, press-
ine eontinue kere will cavse boot attempl forcing misses in ceche.

XXX = X)1 for PDT-1L60

XXX

177 for PIIP-11:70
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If the program fails in an uncontrolled manner, it might be due 1o un unexpected rup 4o Iocation 4 or
1, If this is suspected, then load the following:

LOC COMTENTS
4 f
r L

1k Lo

L2 1]

The above will cavse all traps to vectors 4 and L0 to hall the processor at sddresses 6 and 12 respective-
l¥ {with addresses 1) and 14 n the display]; the operalor cen sxamine the CPU error register at
KXXTIT106 Lo rel more errer information. Bits i CPU erroc eepister are defined as fallows:

Bilt 1 = Bed Zone Stack Limit

Bit 13 = Yellow Zone Stack Limic (11T only)

Bit 4 = Unibus Tinteowt

Bit {5 = Mon-Lastent Memary (Cache, 11770 only)
Hit 06 = Odd Address Error

Bit 117 = Nlegal Halt {1070 only)
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CHAPTER 14
MY301-YJ

4.1 INTRODLICTION
The MS301-Y) pravides DECner bootstrupping capabilities for the DMC11 an PIDP-11 systems with
af without te console switch register. Tn addition, the MY301-YT includes & console emlar o FaULine,
hootsieap routines for Moppy disk, magnetic tipe, paper tape, and some basic CPU and mem ory -
MO GO dingnostic tests.

This module has been desigaed [or maximem fexibilicy of operation. 1t5 funetion may be initiated in
wiy wl four ways, automatically wi power-up, by pressing the conwale hoot switch, by o LOAD
ADDRESS and STAR T sequence, or by using the console tarminal while running the console eaola-
LOr Feuting,

142 PROGRAN VMEMORY MAF
Figure 141 15 a program memory map for the M3301-Y1.

IaTrT
BZOTSTAAP PROGAH &KS
TTANLD
THRTTT
CONSOLE EM ULA TR
DIaGNOSTICE
FEEN]
11480

Figure td=l  M8301-Y¥1 Pragram Memuory Map
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The lower addrasges (F63000-TA5777T) can be disabled by putting awitch 51-1 in the QFF pasition, This
would free addresses 76500(-T65777, allowing the user o occupy this address space. Mote that if

qwitch 51-1 is OFF. the console emulator, the low-speed paper tape boot, and diagnostics are no
longer available,

™ ote algn that the pode in the M%30T-Y [ is written with the assumption that the processor will trap ta
L. nibug location 24 on power-up 1f the defuwli bpot on power-up feature & 1o be used. Tt iz also
ansumed that a power-up trap to Linibus [ocation 24 will be invoked by the ussertion und Lhen tegation
af AC LOf the pushbuttan boal feature 13 o be used.

Mote furcher that the processor priority is left at 7 when the standard boots are exited,

143 MICROSWITCH FLNCTIONS
A set of ten miceoswilches s located an the M930] module. They delermine which ROM routines are
selected and pive the user nutomatic access to any functiomn.

The primary aclivating processes for the M9301-¥) are the pawer-up sequence and the enubling of the
console koot switch, Switch $1-1 must be i the QN position in arder o enable sclivetlion of Lhe
MP0L-YT console emulator and diagnoestics, Switch 51-2 i the power-up rebool enable swilch. I
must ke 2N e enable co MY -Y ] an power-up. ITswilch §5-210 0OFF, then the poecessor will lrap Lo
lagatian 24 (as normal) to execute the wser power-up routing. When switch 51-2 15 OM, the other
switches, %1-1 through $1-10, determine what aclion the M9301-YJ will take on power-up,

If the svstem supports a cotsale boot switch, then any tims that switch is pressed, the M9301-Y will
be autivaled. Enabling the cousole boot switch causes the proegssor to enter 2 ROM routine by croul-
ing o fake power-down/ power-up sequenes, The user should note thel the posibion of switch 51-2 js
ierelevant when the console baat awitch is waed. Pushing the console boot switch thus results inoa
power-up sequence in the processor through an M2300-YT ROM vowtine,

Pricr 1o the power-up seguence, the M3301-%T asserts 773K an the Linibua address lines. This causes
the new PC Lo be taken from ROM location 773024 instead of location 000024, The new [C will be the
logical OR of the contents of ROM location 772024 and the eight microswitches on the M9301-Y
madule, A switch in the O positian 1s resd as o Band a switch in the QFF position is a 1, In this way
all the MY3I0T-¥) aptians are avcessible. Fach option i given a different address. Mote that micro-
awitch SE-10is ORed with bit 1 of the data in ROM location 77302d4; 51-9 5 (Red with bil 2, elc. Mo
switch is provided Tor cumbinalion wich it 0, beeause an wld address could cesult when going through
the trap sequence.

The miceoswitches on fie MY30-¥ ) enable the vser cither to slart a bootstrap operatien or to enter
the comsole emulatar, simply by pressing the bool switch, Nole that a mementary power Tailure will
have 1he same effeet a5 pushing the haat swich,

The user should also nete that he can select any function without diagnestics by adding 2 to the
appropriate octal code in the switches. Figure 142 shows the relationship of the switches o the bus
address hits.
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tgure 14.2  Ofser Switches and Correspondencs Bus Address Bis

144 BOOTSTRAPFING FPAPER TAPE, FLOPPY DISK, AND MAGNETIC TAPE

The paper tupe boot 15 umgue in that it cun de oo ertor checking and Lthe secondary boocsteap (€.8., the
absolule louder) s read into the upper part of memory. The actual locacions loaded by the paper tape
boal are partiafly delermined by the secondary bootstrap itself and by the size routine which deter-
mines the hiphest available memorey address within the first 28K. The fexible disk {or loppy) readsy
seetor 1 on teack | into locations starting at zera, The magnetic tape hoot reads the second block mto
locations starting at &, |f no grrors wre deteeted in the device, the hootstraps normally transfer contral
to locatian {1 in order to execute the secondary hootatrap just [Duded. The only exceplion e this
searting address is with the paper laps bool. T transfers coatrol o lecation XXX3T4, where XXX is
determined initially by (he sice rouling o be ar the wop of memory: this is where the absolute loader will
have just been loaded,

[t a device error is detected, a resct will be excoweed, and the bootstrap will try again, The hoatstrap
will be recried indefinitely until i succends wishowr crroc unless the operatar intervengs, The advantage
af retrving the boot js that if 3 particular device heing booted i nat on-line ar lnaded, because af 4
et funlure and restart for cxample, the boot will give the deviee a chance to power-up. For disks this
ix essential. 17 & magnetic tape is to be booted, the user muost reload the maglape and boing il back an-
line and restarl the boot,

MNuae thal the anly way 1o baolsirap a don=-DECHet drive {unil or transport) ather than drive 0 s hy
gntering the gonsole emulator to specify that deive number desired, Otherwise the bootstrapa wAll
defauli to drve §1, This means that only drve {t of a device can be bootstrapped without onperator
inLervention.

14.5 DOOTSTRAPFING TITE DMOCLI-DECNET
The DRIC LT haatsteup rodtine Ioads mettoey in a salelliee comp uler over a communication link, using

ihe maintenance vperation pratacal (MOM within the DECnet system., The entire hootstrapping prog-
cgs involves throg acparate boatstrap programs,

14.5.1 Frimary Boatstrap

The primary bootstrap is g made asseciated with the YOI withon the M930-Y1 EOR . Tt requesls
it seconducy bool [rom e hest computer. The primary bootstrap rouline will wall approxutate]y 9
eeennds for a reply and then makc another request foe the secondary bood, IF, afler eight tries. the host
has not responded, the spcellite will kang vp the phone for appeoximately ane halt sccond. Data
terrninal ready (I7TH Y s turned OF F and then OM again, Afrer inceroupting the communication link.
the promary bootseran will initiate another serics of reguests for a secondary boot, The M930]-Y)
supparts Lwes ATOYP codes, § and 0, as follows. The primary hoot sends ot a MOP 8 meszage, [
eapects o MOP O messaee back. The MOP s the secondarye hant which nads the tertiaty boot wach
1eansber adidress.
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IT the prumacy baol detects any soft errocs, 10 will make the request again. A 5ot erree cesulls oo the
dereciton of either a mon-fatal haedware error or a sounterfcil message, Dretcction of a fatal croor will
cause the MY9M11-Y) 1o reindtialize, disable DTR for approximately 1 second. reasscrt DT R, and begin
ag it would oo a power-up baot,

14.5.2  Secondary Boolsirap

The segnndary bootgtrap program, onee lnaded, requesis a tertiary boot. These intermediale sleps are
impartany because the boot program which handles the actual loading of the eperating syslem i oo
lomg and comples to be stored in the ROM. Deteclion of un error in the secondaey bood will cavse a
retmitialication of the pomury bool.

14.53 Terniary Booistrap
Omee the tertiary hant hus hesn requested and loeded, il telocales in opper memory and 1hen begins
the down-line loudinge of the opecaling syster. Figure 14-3 is a flowchart showing the relation of the
three boalstrap poog rams.

1454 MODP "'r’.[cmgc Formats

The cureent MOP verzion (1.2, July 1976 aperates within DDICMP muinlenance envelopes, The cue-
per! DIDCMP version is 2.03-Dee 1975, All MOP messapes are senl in 4 DDUMP maintenance mode
envelape, This hasic DDCMP messupe provides a CROC block check on the MOP data hut does nol
provade any acknewledpemens of receipt. 1t is similar to & pumbered data messuge wsed for con-
formance with DCMP formalts and hence saftware/hardware drivers far DDOMP. Ty Tocm is as
Foallias,

SYM. SYN, DLE. COUNT, (3, 5, FILL, FILL, ADDR, CRCI, MOP M&G, CRL2

where:
YN = The DDCMP sync charagters: (8 bits)
2 -synchronouy
DLE = The bt mesyagee header character: 320003 bits)
COUNT = The L4-bit count field: number of bytes in MOP messupe (14 bits)
{3 = Theasync link control flag: (1 bit, always = 1}
% = Theselectlink contral Hag: {1 hit, always = 1)
FILL = A fill character; (00 {8 buts)
ADDE = The tributary station addeess: (for pl-to-pt = 1) {3 bits)
K1 =  The heuder CRC oo DLE through ADIHR {16t CRC-1&)
MOF M5t =  The MOP message described belrw (COUNT 8-l guanlilies)
CRE? = Thedola CRO on MOP message anly {16-bit CRC-14a)

Natice that che maintenance messages arc preceded by 3 or more SYNC characters appropriate wo the
link nsed; synchronous - 228,

Fhe MOFP message resides in the data feld of the maintenance envelope. The Tuem af the MOP mes-
st 1%

CORE, INTFO
where:

O E
LMEF

The MOFP cpetation code (3 hits)
The informarion feld {(spealic o each CODE)

| od
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The [orm al the MOP § program (request secondary boot) fullovs.

COUE {1 bytg) = %
MSC 1DATA = 13EV TYPE 14, 5TA DDR (1), PGM TYDE {0}

wlhere:

DEV TYPE (| byte)

The device Lype wl Lhe requesling svstem. 11 is alwavs 1d.
far the DMC11 and the MS301-YT

ST A4 DMIR {1 byte)

The address of the requesting station. For paint-to-
point thisis always 1, This iz always | for the M%301-Y ),

PG TYPE (L byle) The tvpe of secaondury program requesled. POM type =

alwavs ) for the MP3I01-YT

The lorm ol the MOP O program {memory load with trensfer sddress) Tollows.

CODE (1 byle) =0
MEG DATA = LOAD NUM, LOAD ADDR, IMAGE DATA, TRANSFER ADDR

whers;

LOADMNURM ([ byte! = The load number for multipls load images, It may be
preceded by loads without transfer addreess. This sturts
at O and s incremented far esch lowd. Thiz showld
Always be O for the MOMH-YI.

LOAIY ADDR [4 hytes) = The memory load address (suarting address) for the stor-

age of the data image. It showld be 0 in MOP 0. This
ahould always he O for the M9301-.%),

IMAGE DATA

The image to be stored in the computer memory, The
form aent will he machine dependent and may vary with
the type and word length of the syatem [eg., Tor PFOP-11
systems, sach byte represents one memocy brie (3 bits)].

FEANSEFER ADDE (d bytes)

The stavting address of the image just leaded, This ie
always & Far the M930]1-Y 2,

DECnet uses two CPU regristers. RO vonteins the devige index code, B 1 cantping the CSKE address of
the device.

146 FOWER.LP BROGT AND CONSOLE BOOT
When Lhe vperator performs a system power-up o presses the codsale boot switch, he causes Lhe

MO muodule Lo react by initiating a boetsirap rowtine, Table 141 shows the correcl miceoswilch
scitings for the various oplions.
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Tahble 14-1

Microswitch Settings

Function

=11

n

Octal
Code

Yeoror 2d

Canaole
Ernulutor
wilh Dliug.

Conszole
Emulatar
withgut Jiag.

Fun Mon-bMemaory

Moedifving
Diag. 1hen
Veotar 24

Veotar 24

Baat BX01
with Dhiug.

Boor RX0I
without Criag,

Boot TUIO
with [iag.

Buot TUIO
withoul Diag.

Boat 1311
with Lhiap.

Boal TIMCLLE
il O
with Dhiag,

Hoat LXACN
L nit 1
wilhicoul Drigr.

Rool DML
Cloek |
with Thag,

Roal DMCLL
Tl i
wilhowt Diag.

ON

N

ON

0N

oN

oM

ON

oM

QM

OFF

o

N

ON

ON

oM

O

O™

M

|

O

O

ON

M

O™

OM

ON
O

ON

OM

oM

0N

OXN

O

O

ON

ON

O™

QN

ON
™

oM

oM

OFF

OFF

ON

OFF

OFF

OFF

OFF

O™

QN

O
ON

OFF

OFF

O

(M

OFF

OFF

OFF

OFF

Or'E

ON

ON

OFF
OFF

OFF

OrF

OFF

OEF

OoN

OFY

OFF

OFF

OFF

ithl

0N

oM
ON

O

Ol

ON

OFE

oM

O™

oM

OFF

OFF

OM

N

OFF
OFF

OFF

QFF

OFF

OM

N

OFF

OFF

OFF

OFF

O

N

OFF
OFF

ON

OFF

OFF

(N

M

OrF

OFT

O™

OFFK

Ol

QFF

QN

OFF

OFF

ON

OFF

QN

ON

O

QFF

OFF

ON

X

Qo2

054
T3]

152

L34

256

260

LY

134

156

371

Maote that when usine the consele bowl switch, the slate of 51-2 has no relewance,
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147 LOAD ADDRESS AND START PROCEDURE ¥IA CONSOLE SWITCH REGISTER
The uset who wishes to initiate a functicn other than the one which he hay specilied 1 the micro-
switches can do so without presetting thase microgwitches. This invalves a lond address, placing st
option prde in the console awitch register and pressing start; or simply by doing 2 load address and
pressine slarl ut ane of the addresses spacified below.

The user must load address 173072 and then, before pressing the start switch, he must place u device
code ar option ¢ode in the switeh register, Or the user may place the device code ar the option code in
the consnle awitch register and then press lond address and start. These options and codes are shown in
Tuble 14-2.

Tahle 14-2 Laad Address and Starr Codes

Code Fungdon

1 AT To enter cansple emulator after running primary dizgnoslics
LTIK4* Tor enter console emulator without disgnostics
[T3352* T bowt the REG with disgaostics

173134* To boot the RX0 without diagnostics

173256% To boot the TL L0 with diagoostics

17326 Ta boot the TU 0 without diagnostics

17310 Ta boot the 131011 paper tupe with diagnastics

[ 73334~ To boot the TDMC LT wnie O with diagnostics
1731358 To boot the DMCL unit & ithowt diagnostics
[733724 Ta boot the DMOCT] waid 1 with diagnostics
(73374 Ta boot the DML unit | withowt diagnostics

*8witca 81-1 muost be on.

148 OFERATION OF THE M931-Y) CONSOLE EMULATOR
The nser can oo a program from any of tour peripheral devices by calling che bootstrap program for
that peripheral thraugh the copsole emulator,

The Mirst rowtines te be esecuted (27 00 d5 the contenis of the microswitches) are the primary CPL
diaenustics.

The display routine is ¢nerad aucamatically. This rautine will type the conlents of BO, B4, BR6, and B3
(note the scquence) on the Teletype ar (erminal in octal, Pressing the console boot switch capses the
POP-11/04 and PI}P-11;34 avstemns to copy the PC into RE before the power-up sequencee starts, The
cunsole emulator (keybourd dispatchy program is then entered awtomatically. This routine types a
edrriags retwrn, a line feed and then the prompt symbol, §. The user can call hootstrap programs at this
neing by typing the appropriate device code He then 1ypes an oclal number Tellowing the devics code
specifving the deive owmber (Jelault 01 and hils the carciage return ey, Table 14-3 Tists the periphieeal
Pootsirap pragrams supparted by the M9301-Y1.

More that 12 canaele fit] characiers are used betwesn the camriage return and the line feed in the console
cmulator routine.
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Tahle 143 Boatstrap Programs

Divevive Duscriptivo Comimund®
DL+ Low Speod Paper Tape Reader T

] ] svnehronous Line Interface L )
EX11 RXM Floppy Digk Drive DX ¢
™I TLH{ 80 BP1 Magtape MT#

*The # specifies unit number (defwuit 0. It cwo be U or 1 Tor DX, 0=7 Tor M1, wnd =17 for XM,
) his device s nol boutable iTS1-1 s off,

14.9% RESTARTING AT THE USER POWER FAIL BEOUTINE
It 1he vscr wishes to 7estart his own software on a power-un, he may do 5o by merely disabling Lhe
pawer fail restarg gwitch in the microswitches (turn 51-2 OFF.

But the user can oye the M900-YT 10 run diggnostics (usl the premary CPU tests described in Para-
graph 14.10.) belore running his power-up routine. This will in no way disturk the contents of memory
and will in fact verify the machine's basic integrity after the power-down and -up sequence.

Ta wse this aphon the operator should load the code 054 mia the mirvswitches as described in
Paragraph 14.7. Be sare thut switch $1-2 35 OW. This will resull in the running of the primary CPU
diapnastics and then asimulated teap through 24 which will start rhe vser's speeifisd power-up routine.

II ¢he code Q%6 is placed in che microawitches then the simulated trup throogh 24 5 eascuied withour
running diagnastisa,

Figure [4-4 is an aperatar's Nlowchart showing the relation of the varicus options and codes available
to the user.

4.1 IHAGKOSTICS

An explanation af the eyght CPE) and memory diapnostic tests follaws, Theee types of tests are includ-
cod 1 the MY0T-Y T disgnostios:

1. Primary CPU ests (-3}
2. Becondary CIMU tests (5, 7)
1 Memoary test (3}

.11 CPL Tests

The primary CPLI tests exercise all unary and double aperand instractions with all source modes.
Fhese 1ests dn nat modily memnory. ITu Lailuee i decected. a branch-sell (BR} will be execursd. The
ran light will stay ON, because the processar will hang in a loop. [T na Tailure 15 detected in lesis 1-3,
1hg privceseor will emerge rom the last st and enter the register display rouline {console enulalar),
Mate that the CRC und LRC foe diagnostic DZMSA are XAXNKN und XXRXXKXK.

TEST 1 - SINCLE OPERAND TEST

This Lesl execures all single operand mstructions wsiip destinaion moede B, The basic objective is w
vizrity 1hat all single operand instruclions opecale: it also provides 3 cursory cheek om the operation af
gach instructinn, while ewsuring that 1he CPU decodes sach instructiom in the correct mannee,
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NORMWLL MG T LESEA POWER ALFTCHLA T LOALD &LDRESS

| | v MOOE BOLT MODE ARD START MOHE
| | I - I : | | I
| = Rwgn 154 1752 R [EEET 1TEMM CAOMBOLE 17300
EWULA&TLRE
[ | | | == nao 260 17358 TUD 125zl | o
| | | | 1ma pLin 17310a oLT1 | !
M Lrrag o [i 4 =TV} a5h 11 ina [r - Tei ] 17308 . l
| | | | UNIT? UNIT & . i
| | | wa LA ma 173372 DG 1raie ' |
: UNIT 2 LIMIT 1
| ! | I | |
! ! ' ! | |
I I i I | | |
I | | |
FOMER LIF POMIER L PCARER LIP POWER UP PLWEA LK PONER UP
ETant ETART £TART STARHT
TP Dl &3
TEETS CPU DlaG CHLI QIAG CPU DAL CPU DIAG
15 TEFTS 15 TEETE 1.5 TEST= 15 TEFTE 1S
CONEOLE CONSDILE LIBEA PCWYER LISEA PIWIEA CPU DIAL CONSA T LORESOLE
EWRILATLIIA EMULATIA UP U TENE UP ROUTRME TESIZ &7 EATLILA TOHR EMULATOR
1 y - _Q
KEYEOARD KEYumaRmD MEMORY
QISrFaTRI RISPATEH SITING
EXTENDED ENTEMDHED
=Pu oA MEHF‘""" [ Ty LT H
TESTS &7 AL TERT B ! TCHTS 6.7
BCOT THE DEVHEE RCET TME DEVICE i}
MEMOR Y EELECTED IN BELECTEW I pCMnAT BOOT ThE GEVICE
I ITH THE QIFFSET THF OFFSET BIZING SrLreTrO 1M THE
50 TGHER Sl TGHER SAITCH REQIETE R
M EMOR T MERMZAY
nia&G N[N H
TEBT 2 TF5TH
BT TrkE BT THE oo
DEWVIEE wEVIE :ELEI:;IEHI:I- II:F-II: un-:":EL
SELECTEL SELECTED oW1 TCH RESIBTER
W ENa 3N KBL 11.5270

Figure 14-4  MO30-Y[
Operaror’'s Floschart
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Tesl 1 lests the destinafion register in its Lhree possible slales: zero, negative, and positive. Cach
imsttUelion operates on the register contents in one of four ways:

I, I%3ta will be changed via a direcl apeealion, j.e., increment, clear, decrement, eke.
2 Drata will be cllanged via an indirect eperation. i.c., arithmetic shifis, add carrcy, and sublriact
CHETY.

%, Dats will be unchaneed, bul operated open via o directl operation, i2.. <lear a remster
alrendy containing setow.

4. Dala will be unchanged bul examined via 3 non-medifying instruction {TEST).

mOTE

When vperaing upon data in an indircet manner, the
data is modified by the atate of the appropriate con-
dition code. Arithmetic shift will miwve ihe C bit into
or out of the destination. This operation, when per-
farmed correctly, implics (hal the C hit was set oor-
reetly by the preslons instruction, There are no
checks o the data integrity prior to the end of the
{esl, However, 1 check is made on the end resull of
the data manipulation. A cormeet resull implics that
all instructions manipulated the dada o e correct
way. If the daty is incorcect, the program ®ill baog in
a program loop unlil the machine is halred.

TEST 2 - DDOHMIBLE QPERAND, A1L SOURCE MODES

This tesl verifies all double operand. general. and logical instrmctions. ach in onc of the seven address-
ing, modes (excludes made O3 Thus, two aperations &re checked; the correct desading of cach double
aperand instruetian, and the correes operation of cach addressing made Tor the saurce operand.

Eixch instouction in the 1es1 must operaie coreectly in order for the next instruetion tn operace. This
inwerdependence 13 carricd chrough ta che last instruction (bic test) where, only through the comrect
gxceution of all previows instructions, a data feld is examined [or 8 specific bit configurezion. Thus,
cach instraction prior oo the fast serves ta set up the pointer to the test data.

Uweor checks an instroction operelion are made 0 12t 2. One check, @ branch on condition, is made
fulluwine the compare instruction., witzle the second & made sy (he lest inslouction in 1he lest gequencs.

Since the CHO-NO CH tost resides in ROM memory, all daca manipulation {modification] must he

performed inodestinacien mads O {register contains data). The dats and sddreseng constants wacd by
test 3 ure contwned within the ROM.

Il s umportant 1o mete that two differenl wtypes of operations musl execule currectly in order Toc this
lesl Lo gperald:

I, Thase inscructians that participace in computing the final address of the daca mask for the
Minal Bt rest inytroglion.

Y Thuose instructtons that munipulate the test data within the register to generate the cxpected
hit patiern.

Dreteclion ol an ercor within e tes! resuits in a progean owp.
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TEST 3 - JUMI* TEST MODES 1, 2, 3

The puepase of this test is to ensure correct operation of the jump instruction, This test is construeted

such that coly a jump to the expected insteuction will provide the correct pointer for the next
imstel o,

There are vvw pussible faillure modes thatl can vcour in this test:

[. The jump addressing ciccuitry will malfunction, causing & transfer of cxcoution wo an
iNGIEECL IMSLTUCTINN SegUencs 0T AQN-gXiskent memory.

2. Thejump addressing cicewitry will svallunction im such g way as 1o cause the CPL Lo loop,

The lutler vase is 4 lopical ecrar indicator. The former, however, may manifest ivself as an after-the-fact
error. For example, if the jump causes ¢antrol to be given to other routinegs within the M4301, the
interdependent instruction sequences would probakly cause a failure to eventually oveur. Tn any case,
the failing of the jump instruction will gventually cause an aut of sequence or illegical event 1 occur.
This in itself iz o meaningful indicator of & mallfunctioning CPLL

This test contains & jurp mode 2 insteuction which s not compatible across the FI3P-11 ling. How-
ever, 1t will operale on uny PDP- L1 wilhin this test, due to (he vnigue programming af the instruction

within tesl 3. Befere illusireting the operaion. it is important to understand the differences of the jurnp
mode 2 betwesn machines.

O the PIWP-11024E 117068, 1115, and 11,710 processoes, [or the jump mode 2 LIMPCRY+ ] the register
(Rt incremented hy 2 prior ta easention ol the jump. On the PDI-L1/04, 11734, 1173511740, 11745,
L1750, 11755, and 11/ processors, (R} 35 used as the jump address and ingremented by 2 after
executinn ol the jump.

In arder o avoid this incompatability. the jump (R)+ is programmed with () poinung back on the
jumap itself. On L1720, 11705, 11710, and L1/15 processars, executien of the mstruction would cause
(K1 1ie he incremented to point to the fallowing instruction, effectively continuing & hormal execution
SEQUETICE.

o the TP-10004, 11734, 11735, 10240, 1145, L1/50, 11755, and 11770 processors, the use af the
inirial vahic of {R) will cause the jump Lo Joop back on itsglf. Howewer, correct operaticen ol the
antoamerement well mave (RBY W point 1o the next instrection Tollowing the initial jump. The junip will
then he executed again. However, the destinalion addreess will be the next instrucrion in sequence,

TEST 4 - SINGLE OPERAND, NON-MODIFYING BYTE TEST

I'hig tewt focuses on ane unique single operand instrugtion, the TST. TST is a special ¢ase in the CPL
cxpoution [Tow sinee it is a nan-madifying operatian. Test 4 also wests the byie operation of this mstrue-
ton, The TSTB instruction will be executed in moede | (register deferred) and mode I [repister
deferred. avloincrementh,

The TSTH is programmed to aperale on data which has a negative value most significans byte and »
et [not nogadive) lewsl sipnificanr byte,

I arder for this tesl o operate propechy, the TSTB on the luw by e must first be abic to access the evel
addressed hyte and then set Lhe proper condition codes. The TSTH is then resaecured with the
auinincrement fucilily. Afier the autaingrement, the addressing register shauld be poindng 1o the high
hyte af the et data. Another TSTB is executed on what should he the high byte. The N bit of the
eandition codes should he set by 1his aperation.
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Carreer execution of che lust TSTB impliey that the awtvincrement fealuve recognized that a byte
operation was requested, therehy anly incrementing the wddress in 1he regisler by one, rather than twa,

If 1he correct condition code has not been set by the assocsiared TSTR instruction, the program will
I

TEST 5 - DOLUELE OPERANTL NON-MODIFYING: TEST
Two non-raodifving, double-operand instructiona - the compure (CMP) and bit cest (BIT) - operule
on fost data in saurce mades | and 4, and destinelion modes 2 and 4.

The BTT und CMP instructions will operaie on data consisting of all ones (177777, Two separate fields
of cnes are used i order Lo wilize the compare instroetions, and Lo provide a ficld large enough 1o
hundle the suloinerementng of the addressing regisier.

Since the compare instraction is executed on two ficlds containing the same daca, the expected result is
rue £ bit, indicating eguality.

The BIT instruction will wse o musk atgument of ol ones arainst anether Nisld of all omes. The expecled
tesult i o non-sere condition (2.

Must Cailuces will eesull in o ane instruction loop.

At the end al 1et 5 the recister display routine t5 enabled, provided 1the consale emulater has been
seelected e the miccoswitches. The recisler display couline printe aul Lhe octal conterts of the OPL)
reristers ROy B4, 5T, and old P on the console rermisal. This seguence will be Tolliowed by 4 nromnt
character (3 an the pexe ling,

An exacnple ¢l a typical printoul follosws.

KXXXKY £ 5.8.5.4 4 KANKXXX XXXXXX
5
Prompt RO R4 Ra RS
¢ haracter [Stack (004 T
Pointer)
NEFTES:

1. Where X signifies an actal number (-0,

2. Whegever thers is o power-ap rautine or the BOOT switch s relewsed on PIXE-11 04 and
PDI*1] 734 machines, e PC at this time swill b stered in RS, The contents of RS are then
printed as the ald XD shown in the example,

1

Y. Theprompting character string indicates thai diagnostics have been run and the processar is
oneTaling.

1102 Secondary CPL aod Memory Lests
The secondacy CIL Lesls modify memory and iavolve the use ol the scack pointer, The JMP and 15K

instructions and all destination modes ace Lesled. T o Tuilure is detected, these tests, unlike the primary
tesls, well execute 1 halt

secondary CTU actd memory disgnostios are ran immediately after tes 3 when they hove been svoked
by means other tan e censole smulutor, privvided thas the cotreet microswitches have been sel. I
the consale cmulalar has been snleced wl the completion of test &, the seeopdasy CPU and memuory
diagnastics will be cun when e apprepeiate bool command is given.
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TEST & - DOUBLE CGI'EEAND, MODIFYING BYTE TESI
The ohjective of this test is ta werify that 1the deuble-operand, modifying instructions will operate in the
bete made, Tesc & containg three subtests:

Test snurce mede 2, destination mode 1. odd and cven byles
Tesc snurce mode 3, destination mode 2
I'est siturce mode 0, destination mode 3. even byvle.

=k

The muve byte (MOYB), bit clear byte (BICH), and hit set byte (BIS R} are used wichin test 6 (o verify
Lthe operation of the medifying dauhle-operand functions.

Since modifving instewcticos wre wnder Lesl, memery must he used gz a destination [or the test data,
Tesl 6 uses locaiien S s a destinatlion addeess. Laler, in test T and the memuery test, locatiaon 5060 15
nsed as the first available storage for the stack.

Mate that gince test & is q byte test, Iogation 500 implics thar both S0 and 501 ace used for the byte
teses [even and odd, respectively). Thus, in the ward of data at 31K, add and gven bytes are gaused to he
all Os und then all Lz alternately threwehout the tesl. Euch hyte is medified independently of the other.

TEST 7 - JSR TEST
Trae JSKE i3 the firs rest in the GO-MO (0O sequence thar wiilizes the stack. The jump subreutine
command {JSRY is exceurgd in modes 1 and 6, Afier the J3R iz executed. the subroutine which was
given gonero? wifl cxammne the stack to ensure that the correct data was placed i the correct stack
lacution {200, The routing will alzo enaure that the line back register paints 1o the eorregt address, Any
crrars detogred in rhis test will reseld inoa hals

TEAT 8 - DUAL ADDRESSING AND DATA CHECK

Tinatly the wemory lesl perlonms both dual addressing and a data check of all ilke available memary
i the svelem below 28K This tesi will leave all of memory clear, Like the secondary 1ests the memory
vesl will hall wles an ecror is detestod At the time the memory crrar halt is execuced, R4 will concain
the address ar which the failure was deteceed plus fwo, RO wll contain the failmg dats pattern and He
will contain the expeoted data pateern. T'has after a memary failore hus ocowrred the user cun enter the
coneale erulator and have ths information prnted oot inmediately by the display rouline (see sechion
omn comnsHe ermulatnrg.

14.11 TROUBLESIHOOTING _
When a nalt oceurs, the wser should rehoat the sestem by pressing the BOOTINIT swilch. The
registers B0, B4, Ro. and B3 will be displaved an che terminal in that order.

R Failing {recenved] duta
K4 Failing uddress

K Fspected duty

R= Qld BC

The diggnestic program in the MDY T will cawse the processar ta halo sl one ol tonr addresses:
LasEOHE, TS0 1E, 165AH1, ar (65776, The user s2ould cunsult the disgnostic program listing to find the
Failing test and herin troubleshooting. Possible eanses of the failure melude bus errors, a bad M950]
modwle, and 1 had CPL.



14.12 FLOATING DEVICE PRIORITY
The BP0 assumes the fellowing prioricy of devices in the fleating address space.

L
DHIL
DOy
UL
1211
[LK11-A
DMCH

b g b b

The M2IF-Y will not function peaperly uoless the above priceity and correct Unibus address spacing
is fallpwaed,
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Eeader’s Comments
M) OIS TRAR TERMINATOR MODULE
HWAINTENANCE AND OPERATOR'S MAaMUIAL
FEE-5usai- rhial
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nur pyhlications.

What i vour peoerdd eeacioon to 1s manwad? dn your judgment s ol complete, accurale. welb orpenized. well
written, erc.d Is ol easy to wse?

Whiat feutures ok most useful?

What faults de you fuud with the m@meal?
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