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CHAPTER 1
INTRODUCTION

1.I GEMERAL DESCRIFTION

The M9312 Boowstrap,/ Terminatar Module (Figure 1- 1) contains A complete see of Linibog termination
resistors along with 512 words of read only memaory (ROMMY) that can be wsed for disgnestic routines,
the console emulalor rowting, and boolstrap prograoms. Twelve jumpers (W-1 through W-12) vre pro-
vided Lo allow compatibility with any Unibus PDP-11 svsiem, Paragraph 1.6 oullines the use of thess
jumpers, Five sockets on the M9312 allow the user to interchange ROMs, enabling the module to be
wsed with any Unibus PIDP-11 system and boat any peripheral device by mmply adding nr changing
ROMs. One sooket s solely used lor a disgnostic ROM (PLRIP-11 /60 and 1 /70 systemy) or a ROM
which contaims Lhe console emulator routine and dingnostics for all other PDP—1 I systerts. The olher
Tour sockets accepl ROMs which contain boolsivap programs. One or two bootsirap programs maey be
contained in a particular ROM; howewver, some devices may reguire 1wo or more FOM: (o contain
their particular bootstrap programs. ROM placement is cwilined in Appendix B.

Diagnostics, bootstrap praograma, and the gonsole emulater routine are all selegtahle through the
Address Offser Switch Bank an the M9312 {Parsgraph 2.9). Appendix £ shows the necessury switch
configurations and addresses For varions M9312 routines, Thess swileh sattings and addresses depend

on the particular socket the ROMs are placed in, M%312 routines may be initiated in the following
WHYE:

1. Externd hoot swiich. This switch is connected Lo the module via Faston tabs TPL and TP2.
The Address Ofiset Switch Bank is vaed Lo select variovs M9312 routines.

2. Sysiem power-up. This feature 15 enabled or disabled vie swilch 51-2. Apain the Address
Offset Switch Bank is used to select various M93]2 roulines.

1. Prograpmuer conrele fad address and srarl segience. The programmer loads the siarting
address of a particular routing found in Appendix C.

NOTE
¥hen the programsicr comsple lvad address and
start sequence is used Lo stutt the console emolatar
routing, the Address Offset Swirch Bank setting de-
tertines wheiber or not diagmosdics are run.

1.1.1 Scope
Thiz manual is designed bo provide DTGITAL Figld Service and customer maintenanes personnel with

sufficierit  inslallation and opetation information to install and matptain the M9312 Boot-
gtrap/Terminator Module.
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1.1.2 Relnied IMocomentaton
Table 1-1 lists related documentation which supplements the information in this manual.

Table 1-1 Related Llocomentabion

Title Dacument Nuntber i edia*

FDFP-11 Processor Handbooks Haed copy
POP-11734 Uger's Guide LE- 1 1034 -110G-001 i Haed copy
PDP-11/04 Tlaer's Guide EXK-] 104-0P£02 Hard copy
Dreawang Direclory B-D} [ -BiF312-00 Micrabiche

*Hard copy documents cun be ordered from: Digital Equipment Corporavion, 444 Whitney Streer, Morthharn,
Ma 01532, Adtendon: Comimunication Secvices (MR2/M13), Customer Senvces Section.

For information concerning microfiche bibraties, contact Digilul Bysipment Corporation, Micropublishing
Croup. PE3-2;TLZ, 129 Parker Street, Maynard, ®iA (1754,

1.2 DEFINITION OF TERME

Boowstrap Frogram
A bantstrap progeam is auy progeam which loads another {usually larger) program inte computier
memaory from a peripheral device,

Bootstrap
Boorsirap and bootstrap programs are used interchangeahly,

Bool
Toutiste execution of a bootstrap program.

123 PHYSICAL DESCRIPTION

The M9312 is u double-height extended module [21.6 X 14 cm (8-172 % 5-172 in)] which plugs inoe the
A and B ternumetor slots on the PDP-[1 backplane, External comnectinng are made wia four Fasion
tabs {TPIl, TF2, TP3, TP4) provided at the handle end of the module.

14 ELECTRICAL SPECIFICATIONS
Power Consuemplion +5Vde + 5 percent at 1.5 A typical

Elevtricul Interfaces The Linibus interface iz standard wsing 8837 and 8640 receivers, 3681
drivers, und 8641 transceivers.

1.4.1 Extvrnal Electricsl I[mierfaces

The external interface consists of four Faston tabs (TPL. TP2, TP3, and TP4) provided at the handle
end of the madule, These inpuls were designed to operate from either a mechanical switch or a TTL
output {standard or open collecior). Operation from TTL outputs is cestricled ta circuits inside the
stundard IMGITAL enclosure having the same lngic reference as the M9312. With mechanical
switches or TTL outputs, ceturns {TP2 and TP} must he used, All inputs have overvallape protection
for up lo £16 ¥ continuous; remote swilch operation may require additional pratection. When remate
switch aperation is used, the switch shovld be electrically iselated from the remote device. Both signal
inputs (TPI and TP4) have filtering and do nol recognize sn active input {below threshold volieps)
until the end of a [0 (o 18 uw delay, with any interruptions resetling the delay. The threshold range is
between +0.43 and +0.75 ¥de o logic relerence. The following is a descriplion of each input.

1-3



TPl

TP
TP1
TP

1.4.2 Flectrical Prerequisites

Boot signal tnpwe, Far positive or negative inputs, represenes a 1O0-0lun lead in
series with a forward biascd diode to logic reference, and a 200HK)-ohm pull-up.
Switch bounse noise must not exeeed 70 ms, Triggening is disabled far a maximum of
B ms, starting when the M%9312 power supply voltsge rises from less than 340 W to

preater than 4.3 V.

Boot signal return, Represents a 1000-chm load to logic reference.

Power-up boot enable return. Represents o 100-ohm lowd to e celerence.

FPower-up bool enable inpul. For posilive or negalive ioputs, sepresenls o 1000-0hm
load in series with o forsrard-hiazed diode o logic reference, and a 20414-ohm pull-

up. This input must remain either & logizal 1 ar{} for the entire power-up sequence.

Powrer and Grroung Pinouts

{Refer to Table 1-2 for pin assignments.}

+5 Vdo; Pins AA2, BAY

GNE: Pins AC2, AT1, BC2, BTH

Table 1-2  M%312 Fin Assigmments

Pin Signal Fin Sigmul

AAl BLISINITL Bl SPARE

AA2 POWER {+5 V) BAZ POWER (+5 V)
ABI BUSINTR L BB SPARE

AB2 TEST POINT BBl TEST PUINT
ACH BUS DML BC1 BUS BR3 L
AC2 GROUND BC2 GROUNID
ADY BUS D02 L BDI *W.b IN; BUF VECTOR L
AD2 BUSDOL L W-6 OUT: BAT BACKUP +5 ¥
AEL BUS D4 L BDZ BUS BR4L
AE2 BUS D3 L il BLI INT* 85YN
AFI BLIS [206 L. BE2 PAR: DET

AF2 BL:S 105 L BF! BUS AC LOT
AHI BUS DL BF2 BUSDC LOL
AHZ BLIS B07 L BH! BUS A()

All BUSDIOL BIi2 BUS A0 L.
Al BUSDO9 L BIl HLIS A3 L
AK1 BUSDI2L )2 BUJS A2 L
AK2 BUSDILL BRI BUS ADS L
ALt BUSDI4L BK2 BLIS AD4 L
ALZ BUS DI3L BE.1 BLIS ADT L
AM] BUS PA L BL2 BLIS ADA L
AM2 BUSDISL tM 1 BUS AQS L
ANI Pl B2 BUS AOR L
AN? BUSFBL BM1 BUSAILL

AP ] B2 BUS A0 L

*W-6 must be out for operaton m 4 modified Unibus slod,

14



Table 1-2 19312 Pin Assignments {Coat}

Fin Shgaal 1] Fin Signal
AP2 BUSBB5Y L BM BUSAISL
AR1 BAT BACKLIP +15V BP2 BUSAL2L
ARZ BUSSACKL BRI BUSALISL
A5l BAT BACKUP -15Y BR2 BUSANML
AR2 BUS NPR L B51 BUSAITL
AT GROUND BE1 BUSAISL
AT2 BUSEBRTL BTI GROUND
AUl +20% BT2 BLIS{T L
Al BUSBRAL BUI BLISS5YMN 1.
AVl +20¥ HLIZ BLSCOL.
AMN2 +I0Y R BOS M&SYMN L.
RS -5¥
1.423 Timing

Figure 1-2 shows important (iming sonsiraiots for the M93[2, Yalues shown wee Lypical.

BUE DCLO L |

Bud mELO L

UNIBUE AQDDAESE TRUE I

BALEE MEYN B

NP DATA TRUE

J

HLHE BE'WN L 14 —

_T___.__
—f——

g

]

NOTE: ALL TIMEE 1N WE
[t )

Figure 1-2 M9312 Timing Constrzints



1.4.4

Orperational Enviranmental Specifications

Operuling Temperalure Badpe SR C 41" Fle s C {122 )
Storage Temperamre Eange =A0F O -40° Fl to 667 C(L31% F)
Relative Humidity 11} percent or less to 93 pereent with maximum wet bulb of 327

C 90 F) und minimum dew poine of 2° C (367 F).

15 INSTALLATION

As 1 universal boorscrap lerminator module. the M2312 in its various configurations can be adapted
by the user to mest a varicty of boot requirements and gysiem configuratinons. The following guidelines
gshould be used when installing the madule.

1.

2,

Lo

11.

12

Syslem power should be turned off,

When a M9312 is used no other bootstrap module, such as the M2307, may he wsed, and
aily ane MY¥317 cun be ueed in any given PDP-11 system.

In PDP-1104, 11734, and 11/34A systents withoul ballery backup. TP should not be
connecied 1o (he processor’s power supply battery status signals nnless boots on all power
reslabis are desired,

O PIIP-11 systema containing & Unibus repester, the M9312 must be installed oo the
provesyor side of the repealer.

Fefer to Paragraphs 1.3.1 and 1,53 for power-up boot enahle and gxternal boot awitches if
they are ta be used in the system.

In FI2P-11 systems that have grant pull-up resislors in the processor madule (PDP-11704,
11734 und 11,3447 undd use Lhe M931 2 s the ierminalor for Lhe processor end, jumpers Wal
throwgh W-5 must be oul. All other processets require W-1 through W-5 o be in,

Tumper Wa6 should be in anly when the M%312 is wsed with PTYE-T1,/55, 11760, and 11,70
aysiema that support push-hutton boot.

Juinper W-7 must be in for use in all PDP-11 systems,

For POP-11 systems with at least one peripheral device whese Tinibus addreess lies between
76500 and 765778g, jumper W-& should be in. This peevents the M9312 from responding
Lo these addresses.

When the M9312 is vsed with 2 P11 /60 processor, jumpers W-9 and W- 10 must be out,
ang jumpers W-11 and W-12 must be in. For all olher current POP-11 systems, jumpers WY
ard W-100 must be m and W-11 and W-12 musl be aul.

Appendix C should be consulted for the switch settings (51-1 through 851-109 required Tor
vieriels boot configuratioms.,

Bootstrap ROM installation must be sequential beginning with ROM location | (Figure 1-
1y, far all PDP-11 systems excepl 1he PDP-11/60. whether or nor the gonsole emulatar
TOULINE 15 used.

16



13, In PDP-11;/60 syslems, when caly one boot EOM is used it must be installed in locatian 2. I
hoolstraps are o be srarted feam the consele emuolator routing, lacutiens 1 and 2 musl both
contain ROMs, Additional ROMs must be installed first in Jocation 3 and Lhen in lecation 4
[Figure L-1).

151 PFPower-Up Bouot Enshle

Aulomatic booting on power-vp can be enabled or disabled wsing the power-up boot enable switch
{21-2), I¥ this switch is set ko the QFF position, the processnr will sxecuke its power-up couling noe-
mally, obtrining a new program counter {PCY from memory locution 245 and o new provesser $1A00s
ward (PSW) from location 26, When the switch s in the ON position during a power-up, the proces.
sor will oblain ils new PC and PSW from locations 773024y and 773026, respectively. The address of

Lhe Offset Switch Bank (S[-1 and S1-3 throwgh 81100 is TY302dy (773224, iF the processor traps to 224
on power-uph

The Tunction performed by the power-up boot eneble switch (81-2) can be duplicated by an external
swilch wsing Daston tabs TP and TP4. A closed swilch connecled 1o TP3 and TP4 is equivalent to 51-
I being OM. When MOS8 memory is present with bateery backup, 4 battery status sipnal is generated by
the power supply. This signal should be atlached to the power-up boot enable inpur (TP4) on the
MB312, If this status signal goes low. it indicates that the contents of the MOS memary are no longer
valid, The M23112, sensing the status of the memory, forees a oot an power-up allewing new data o
he written inta memary. When TF4 is used, switch 81-2 should be ol

Il the battery stalus inpun is high (lopic 1) the M9312 will not automatically boot on power-up, 1n4d the
processar will abtain its new PO from location 24y, and its new PSW fram logation 26,

1.52 Bant Selection
For power-up boot or external baot, the baot rautine is selected by mine swatches (80-1 and §1-3

throwgh 81-10) provided vn the M9312. Appendic C shows ywitch configuraliony necessary [or various
bool roulines.

1.5} External Boot Switch

A deviee can be externally booted by using an external baat switch connccted to Faston tabs TP and
TP When T and TP2 are connected, BLIS ACLO [ will be asserted, causing the processor to
perform o power-down, Upon relsasing the switch, BUIS ACLO L will be unazserted, initiating a
power-up sequence in the ©PU and M9312 address assertion (773000q).

1.7






CHAPTER 2
HARDWARE DESCRIPTION

11 GENERAL

The M5312 Boowsirap,/ Terminator Module, through the use of interchangeatle socketed ROMa, cun
b used an all PIYP-}1 processars, The description that follows will hold true for most applicatony.
Various partions af the circwitry will be analyzed separately for clarity. M9312 wirouit schemulics {D-
CB-MY31240-17 will be referenced throughout the deseription.

22 ROM MEMORY

The five ROMs used for the consale emulatar routine, diagnostics and bootatrap programs inthe
MY Z are sockeved to allow reponfiguracion with a minkimum of effart. Omly half ofesch ROM is used
hy Linibus systensa, the other half is resemved for wse by other syaema. The moduole has 312 waords of
read only memary. The lower 286 wards (addresses TOMHK0y through TEST T ) are wsed for Lhe storage
of ASCIMN comuode und diwenostic raulines. The dispnosbics (discussed fueeher in Chapler 8) are cedi-
menlury CPL und memury diagnestics. The upper 256 words (add cesses 7730000 theough T737709) ate
used lor storage of Boolslrup progcams. These locations are divided further inta four od-word seg-

ments. IT necessary move then one segroenl may be wsed Tor a booe program. Figore 2-1 illusiraes the
seprregrulion of The ROMS.

TR
200 WHRD COMNSOLE
ERALILATONR ARD & LO-ADs MO TE A
DHAGNDETICE
TASTTE
e
770040 1
4 WK BODT ROM AOM E12 * 4
ITa1 T8
TPIR0D
B4 WORD BGOT AOM p2 ACM E12 « 4
172578
I e HI-AGM
7340
54 WLIAQ WEIQT MM a3 ROM DTZ X 4
773676 l
73000
Bl WDRD BOGT ROM x4 ROM E1Z X 4
175774
-t
Pl - TR T

Figure 1-1 ROM Segregation
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A1 ROM Speciflcations
All PROM/ROM memnriss used an the MY312 must meet the reguirements of Digital Equipment

Curporation purchese specification 23-0K0AS401 for the 512 % 4 {haot) ROMS and 23-4H0F 140 for
the |K = 4 {CPI ROM,

222 ROM Format
The lalleaing ddwaord ROM format is required when writing a deviee boot which requircs only one
st BOM 1m comjunction with the MY312 Boocsgrap/ Terminator Madule,
. The buoL program must beein with w ROM hesder hlnck.
2. Word address 24z of e BOM must cemuin reserved and be sel o 173000;.
A, Word address 2og of the EOA must cetain reserved and be sel o s,
4, The last word of the RO mwest be a4 CRC-16 word for e previous 63 woeds.
The following ROM Farmat is eequired for device boots thar nesd more than one ROM.
1. The first ROM fiollows the previously staced format,

2.  The fiest word on cach continged ROM must soptain 1777w,

i, The last word of cach continued ROM must contain a CRC-16 ward for the previaus 63
wards,

4,  Any continued ROM that would aceupy word addreas 793224y must rererve this location
und put 1730008 1o it.

5 Any conlinued BOM thal would vecupy wond address 773226y miusl resecve (his locdtion
und put 340 in il

21237 ROM Header — As previcusly stated the berinning ol @ boot program must contain a header
yection. This header section is deseribed below:

TriraL wird Contlains the ASCH identifier which cansists of two churaclers wilh 3 Zeros
parity bit that will he used hy the console emuolmor 1o identily a device for
booting.

Sevond word Contains the offset from this point w the next BROM beader. If there is anly
one BROM header, this must paint 1o the invisible ficst word of the next
ROM.

Third waord Powrer-up entry patint for unit eero, oo disgmostics.

Fuourth word Fower-up entry point for umil cero, diagnostic enatled,

Filth word Containg 000000, indicetling whit O foe instroction in previous word.

SLalh word Entry paint Lo ROBM buot [rom 1he corsole emulacor, R(D) musl conlain Lhe

unit number mieht justified. Eatce hore with © hit set il dinpnoeslios are not
desired. IT diagnostics are desired, the C bit should not be sel.
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Sevenlh word Addrese of the controlfstetus register of The device 10 be booted.

Eighlh word Entry poiot when unil outiber al device o be booled is other than 0. This
word maves B{7T te R0

Minth word Conluing & branch instruction (BCC) Lo a liek 1o the sacondurye digenoslic
vode,

Z.2.3 ROM Data

22310 ROM Datn Teansfor - Daca stoced in the EOMs s addressed Tour bils al a litme. These four
bits are shefled through the vulpul Tatches (EE] and EL2) wolil o ] 6-bil wend 5 ready 1o be Lranslecved
1o the TUnibws. A block diagram of s procedoce s shawn in Figure 2-2, Table 2-§ shows the relation-
ship belween Lhe dola word bil number and Lhe oulpul of the ROMS I should be noted Lhal bils 10,
11, and 12 must be stored inverled.

1232 ROM Jhata Organization - As peoviovsly stated all ROM memory on the M3312 s four bis
widg. Tahbe 2-1 shows how 16-hic wards are arganized in the ROMs,

Table 2-1 EGA Dars Organizaton

ROM
Crutpur Data Word Rit Mumber
q I3 11 T k
! 14 n f 2
2 13 0 5 i
| [¥] N q ]
ROM Address 1 13 Iy i
Drala Word |
ROM Address 377, 176y 3755 T4,
Dara Wored &4

NOTE

Data ward bits 10, 11, and 12 are stored inveried.

1.2.4  Requirements for New ROMa and Uses of the M3312
nT49312 specification A-SP-0P3A1 2008 must be refecred o for new uses of the M%312 and for creation
of ngaar ROMSs,
23 POWELER-1/P SEQLUEMNCL
Tymicully all PDP-11 computers peclorm a power-up secuence each lime power j= appled 1o the CRL
madulels). This sequence is as Lallows,

L. 45 Vdo comes true.

2. BUS DCLO L s unesseried by power supply.

3. BUS ACLO L s unasserted by power supply.

d. BUS ENIT asserts for approximacely EOD ms.
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5.  Processar acoesses memary location 24, for new PC.
fr.  Proocessor wecessies memory localium 2y Tor new PSW.
7. Processor hegins runming program at new PO contents.

Wilh un AM9312 Bowsirap /Terminutor Module im Lhe PDP-11 compuler svstem, an poswer-up the user
can optenally foree Lhe processor Lo read s new PC [rom a ROB meceary 1o cation aced the Offsen
Swilch Bank vn the BMO312 (Unibus locaton T7300407. A switch (51-27 on 1the M9312 or an external
switch on Fuslon tube TP3 und TPY cun enuble ur disable Lhis [eulure. The new PSW wil] be read [ram
4 hocation {Unihus location 773026y in the M2312 memory. This new PC and PSW will Lhen direct the
processor tooa program (typically a bootstrup) in the M9312 RO memory {Cmbue memoey localions
TTI000: through 793776y, and TAS000: Lhrauph Ma577650.

If the boot enable swilch (51-21 i off, an exlernal swilch o logic beve] can be uged to make the
progEssor exectts a boon program on power-up. Programs in the M9312 can alse be iniciated by

program juinps oo theer stacting addeesses or throwgh the START switch Teature of a propratuner’s
switch console if ooe i3 avallable in the syatem.

14 POWER-LF BOOTING LOGIC

The status of every Linthus PI2P-11 power supply is descriped by the two Unibus control lines BUS
ACLOY Loand BUS 12CLO L. The condition af these two lines in relation tothe +5 ¥ autput of the
power supply is defined by Unibus specifications sy summarieed m Fgure 2-3.

Aac FIWER

BUS ACLO L
| |
I l
' I
[

BUS DCLOD L 1 "
! i
1 ] | I
| | I i
i ! | 1
H [ [ |

—— TN AT
i [ i | |
| [ 1 |
|>5 120 =0 }}5 120,
| s | I | us ¢ ',
Pl [
f | | | ] 1

i - THed N

Figure 2-3 Power-[down/Power-Up Sequence
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24.1 FPower-Up and Power-Thwn

£n the M2312, power-up sequenees are detected by the circwitry shown in Figure 2-. When +3 v first
heconyes true, both BUS ACYLO 1 and RUS DOCLO 1 are asserted low, Azssuming the power-up boot-
enable switch iz closed a high to low transition out of EE {pin 3 (FOWER-L'P BOOT L) triggers the
ane shot ET (pin 5} which asserts Unibus address lings BUS A9 L, BUS A 0L, and BUS A 12 L
throuph BUS A 17 L for up to 300 ms, The lopic shown in Figure 2.5 panerates these Unibus addresses.

BUE DO L D‘
REND ACLDH G

L= K.}

PTWER FAIL |
A
LTE

4
0

wpl

ok
I

AZN ¢
20K

Ly

TP

FAETDM
TAE

T#3

= VT

SEMO ACLLOFH

FRETQR
ThB

ROTE:

PTH TRAKNBISTOR OF DOES NOT
APPEAR OMN THE PARTS LIST.IT I3

INTEMDED FOR FLFTLRE WEE.

+5

30K
£
5 s rr,“ 2
]
4 »502 Dr? WELCTOA L
E? O
= 1B
W
-—..—.—-.c e
& '::a =— =710 FINGER BLM
3
BUF VECTEA L
CLEAR ADDREFS L
VEETOR H

Figure 1.4 Power-Lp Boot Logic
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Figure 2-3  Address Generation Logic
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2.4} Trocessor Reads New Program Connrer

During the 30 ms maximum asscrtion time, the central procossor will be performing its power up
gequence, When the proeessar aitempts to read a new program cownter (M) address from memory
localion 24y, the uddreess bits enabled by the one shol ET ace logically OEed 10 gencrang the address

TT3024¢. This location 16 an sddress o e M931T BOM spuce and e eddeess of the Offser Switch
Bunk, which contuins the starting sddress of & spevilic routine.

2.4.3 Processor Eeads MNew Stabes Word

Iluving oblained o aew PC feorm location TTI024g, Uie processor thea auletpls Lo cead & new processor
slatus word (PFEW [roum memory location 265, The address bics enabled by the onc shot ET(pin Ty arc
logically ORed we generate the address 7730265 which 5 also in the M3312 BOM addecss space, OJneg
this lransler is vompleted, the processor unasserts MSYMN L and 150 as (misimuom} later che MY312
clears its asserled wddresses, The M9312 upasserls S5YI L 200 08 alter the unassertion of M5SYMN [
fresing the Unibus. The 300 oy one-shot {ET pin 71 gudraceses enough time for any P11 pragesser
to somplete the lwo memory Leansfers desceibed, before releasing the address limes,

2.44 Power-1llp Boot Enable Switch

The powar-up boot enable switch (51-2) can be wied to disahle the logic shewn in Tigurs 24 Wilh ths
switch off (TP and TP4 open), the autput of EA& (pin 3] will always be low, preventing one-shel E7
{pin 71 from ever being set on power restarts. Faston tabs TRS and TP4 are prvvided 1o allow 512 1
be remetely duplicated or accept a battery status input, ™Motz that when Faston tuh TP is used, §1-2
st B Jelt in the off position,

25 EXTERNAL BOOT CIECUIT

The pricessar can be activated exicrnally by conngeting Faston tabs TP und TP2 or by applving a
logie "0 to TPL (Figure 2-G), This sets fip-flop kb (pin 15}, which Lhen penerales an asseried BUS
ACLC L signal on the Unibns, Upon seeing this Lnobus signal, the processor will beein v power-down
routing, anticipating 4 ecal power failure. Afeer completing this routime, Lhe proossor will then i
for the unassettion of BUS ACLO L. at whigh time o will perform o pewer-up sequence through
lovation 24y wnd 26,

[Tpon releass ol the external boot switch of retuen to lagie "1 at TP Lhe setinput o Nip-flop E& (pin
21 1% unasserted and one-shot BT an the M9312 is tripgered, causing o LK ms lmeout, At the end of the
timeout, BUS ACLO L iz unasseried and the 306 ms ane shol ET {pin 1) is triggered. The pracessoTis
then forced to read its new PO and PSW fram locations 773024 wud 7730285 respeciivety, The cxternal
buoct lining is shown in Figore 2-7,

24 POWER-UP TRANSFFR DETECTION LOLGIC

Any lime ong-shat ET {Pin &) is sct. bus address nes [BUS A 69, 10, 12:17) L] arc asscrted , The circuit
stiown in Fipure 2-8 ¢lears the address lires until BUS DCLO L becomes unasserted, When s baot
cocues and the new PC and PSW have been runsferred, the ciccuitey has reecived two MEY N sienals
and MSYN COUNT 1. goes low. Al Lhis time the bus address lines are unasserted. If Lhe abave
teansfers do not aggur within 30 ms, the address fines are unasscrted.

1.7 POWER-LP TLEAR

The circuit shown i Figure 2.9 holds the external hool vicewit clear lor appeoximatcly & ms afier the de
supply volluge exceeds the threshold voltage of 3.0 o 4.5 ¥. This is 10 ensure that the external boot
cirewil dues not cause a boot an power-up. The cireuil uses Lthe M93412'5 de supply voltage to determine

il a Teal power failuee has oceurred, because an asgertion BOS ACLO L and BUS DOLO . may occur
without a real power Failure,

2-B



+ 5%

-
.rl,.-'?'-.l
o
F A2T R2E & 4@
1 b 4 CEE NDTE
£ 20K 20K 4 hom F
—_ 4 7
I 1 ™ [
: L <™ o E2& } Ed
I ] H R2Z 1¥ '
¥T0 1K
I | TaE 2
f |
[ N |
[T 1 - H21
| 1 bz i =L - ATE
[ I L
| i
[ I
I I TR2
I a.l'a.‘
[
| I ragTan K
L1 ram
(Valy B

PHOTO TRAKNUETER O1 MIES NOT APFEAR

(i THE FARTE LT, IT |B INTENDED FOR
FUTURE UBE.

AR
W
=
(2]
X tn

11

5

_1:1..;.:

A 15

SENDs ACLVH

LETE

[

FOMER-UPF CLEAR L

POWER-LIP 8007 L

¥
(4 = FE X
[ 3]

1o

I ST

Figure 2-& Extcrnal Boot Logic

-9



|-|-l- p pSEC

FWITCH CLOEURE |

Bl ACLO L

—l'l 1M MEEC r8—
M3 ONE BHOT

TIME QUT
- ROCEARDR i I R oD K e A PO RS
= PERFOAME |
= o OAvER | |H'.'H'IEH-L|F
. (PN | 1
[ i
ol - T

Figure 2-7 External Boot Timing

YECTOR H

CLEAR ADDREERF L

FOMYER FALL L

METH H

A ST

Figure 2-E Power-Up Transfer Detection Logic

2-10



POMAERAWF CLEAR L

15y
Az
0K
A
RAT ¢
2ok T T
Ra2
133K % 8
T
E26
1 B T
™ o
mi7 | Z
At Eag
= ‘F
L
A A - OHEeelsd

Figure 28 Power-Up Clear Circuitry

18 ADDRESS DETECTION LOAIC

181 MY31Z Address Space

Address detectton dogic on the MY312 detects Linthus addreszses within the address space 773000,
through 773776; and TGS, through T637 T, 1t also recognizes the spearfic address 77 W24y, Some
Processars, such as the PIHP-11,/60, trap to incationa 224 and 336 on power-up for their new PO and

PSW. The MY312 alsa recognizes the specific addreas 773224y, Figure 2-E0 tlustrstes the RI9312'%
address deleclaion logic,

2.8 Memory Access Constralors
Upon recsiving o recognized Dnibus address and BUS MEY N, the M3312 ROM data output is trans-
ferrcd vo the Linibus data lines (BUS DOD L through BUS DLE L) and BUS 3%Y N L is enabled,

Conditions which must he met belfore ransterring the ROM data and returning BUS 55Y M are as
follows:

1. Detection of the Umbus wddresy TTIXX Xy ar TAIXK XK Xy where XXXy % any even addeess.
Tostalleng W-5 dusubles delection of uddeess TEIRXX;.

2. Transfer being perfocmed 12 a DATI operation where BUS Cl L 15 nol ussected.
5 A asserled BUS MSYN L cosnilrul sipnal has besn vhuaimed.

2.83 LO ROM EMNA H Jumper

LO ROM ENA H jumper W-8 allows the wser (o disable the 30312 detectivon of Unibuy addresses
TS0 chrough 7657 Tag. Disabling Lhe detectian o Lhete wddresses {A-B 1) becomey essential when
that memory spacs is being used by other peripheral devicels) in the syslem. Users shouold nale thal

when detection of (hese addresses iz disabled the console emulator wnd digpnostic routines in the
BI93I2 are eliminated (not addressable).

=11
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2% ADDRESS OFFSET SWITCH BANK

As previously mentioned. vn 4 power-up boot ar an extertial boot, the M93 ]2 Torces the PLOCEssaT to
obtain it new PC from location 773024y insread of location 243 When the M2312 sddress deteclion
lrgic decodes address 7730245, il enables (via ALLOW SWITCHES L.} the Address Offecl Swilch
Bunk (Figure 2-113. The contents of the switches Si-1 and 51-3 through 51-10 combined with the
conlents of the specified address in M9312 ROM memary produce a new PC for the CFU. The new PO
will point to HI or LO ROM memory depending upon the position of the switch 81-1. With 51-1 OFF
the new PO will point the processor to a starting address of 2 bootslrap program {uddresses 773000,
through 773776g) in MY312 ROM memocy, When 51-1is ON, the aew PC will poinl the processor 1o u
slarting address of w program in the M9312 console emulator and diapnostic BOM (addresses 7635000,
theough 765776g). Severa] programs can be included in M9312 memary with any one being wser select-

able through the Addeess Offset Switch Bunk, Appendix C shows the relutionship belween the switches
and the devices to be booted,

ALLOW EWITGHES L +8 +E
Ar
LE240 4
0K i
.-'f,n_ bl 3 2 5 3 I - 1B - . AL::-T & o
[V
14 [T TTeH — e
%1-1
0K
L | - 1A% 192 Ll:u-rr
-3 . 1]
10
]
1ok | 1 g }] ern D2 H
Y 142 173 f==—n1H mzL
81-10 .
10
'—;"'r;—- 3 kg FTY LER 4
1
A1 p il 818 322 cnm
WK | ., . ol L 4
s | 284 241 B7 H
14 A10
2y
e KT 7 2
e FLE avz GEH 1 1) B Bt H
B1-6 A oL
CFFEET SWITCHEE AND CORRESPONDING ELE AODRESE B IT$
B1 SWITCHER 1 ala]n I alr|lals|i]~
CORAEEFONGING BUS
ADDREEE BITH wlinfw el s{af{cfaf{arz|1]|o
BINART YALUE OF BWITCHES Elalx)lx|xlx|x)x]|e0
QETAL YALLIE F SwyITCHES i ¥ "
*HO IWITCH |5 PRCAVIDED FOR BETTING BIT 0. THEREFQAE ONLY EYEN ADDAESS
IFQR THE F&h My BE SET. [LER- TR

Figure 2-11  Address OFset Swiech Bank
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200 MY TERMINATOR

The terminator section of the M2312 consists of four resistor pack cwemts, cach containing the
reguired pullup (178 ahms} und pull-doewn {383 ohmy) resistars for proper Unibus terminatian, Since
FDP-11/04, 11734 und 11/34A processors conlain Bus Grant pull-up cesistars, and other pracesaors
o not, the M9312 ullows o chooee of whedher or not Lo pull up the BUS grant ines. When jumpiers W-

I through W-5 ame in, these lines are pulled up; when (hese jumpers are out, the prant lines are not
pulled up.
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CHAFTER 3
CONSOLE EMULATOR

1.1 GEMERAL
The console emulator routing is available when 2 ROM which contains the routine 5 used om the
M9312. This ROM is placed in the console emulator and diagnostic ROM socket shownin Figure 1-1.

32 LSING THE CONSOLE EMULATOR

The system will execute a console emulator power-up routine when power is supplied to the system, the
boot switch is pressed, or the correct address from Table J-1is loaded and started, provided jumper W-
# is out, W7 is in, and the Address Offset Switch Bank 16 set according to Table 3-1, If diagnostics are
sclected, secondary diagnostics (tests & and 7) will un afier the consale emulator routine, just before g
hoot. Primary diggnostic tests ! through 4 are always executed befare the console emuolator routime.
LC.ompletion of the primary disgnostic tests will be followed by the repister displuy routine. The con-
tents of R0, R4, R, and E5 will be pranted oul oo the terminel. An & sign will be printed sl the

beginneing of Lhe nexl fine of the terminal, indicaling thatl the console emulator routine is waiting for
input from the operaior,

Tabe 31 Consoke Emulator Switch Requirements

Address O ffset Switech Bank S1

Dedal
Addresst | 3 2+ 13 4 5 b 7 B 9 in

Cornso le Trmwelator

willl DHagnostics LE&020 o | - QFF |QFF|OFF|OQFF| ON | OFF] OFF|QFF
Cansole Emulator

withowt

Digpnostics 165144 on | - QOFF |QFF | O | OX | OFF|QOFF| M |DFF

"Whan switch §1-2 is ON, power-up boat is enabled; whet S1-1 s OFF power-up boot 35 disabled,

tThe octal address can be leaded and program starced fram 2 programmer’s consale arF switch regiser, il a
power-up start or externel boot start from the M9312 is oot uesd.

The following syinbals will be wsed in this discussion.

<8SB>; Space bar
< CR>: Carriggs return key
X Any octal number -7
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The [our console functions can be ¢xercised by pressing keys, as follows:

Fanction Kevboard Strokes

Load Address L<SB> XEXXXXX < CER>
Exzmine E<SB>

Deposit D<A XK SR>

The first digit tvped will be the most significant digit. The lasr digit typed will be the beust siprificant
digit- If an address or data word contains leading zeros, these zeros can be omilled when loading the

sdedress or depositing the data, An example using the toad. examine, deposil, and start funclions
follows. Assume a user wishes to;

L.oad address T

FExaming location N
Deposit 777 into location T0H
Examine location M0

Slarl ot Joculion TO0.

Mo L R —

To accamplish this, the procedure below must be lallowed.

Gperator Input Terminal Display
I. Turns on power EEEXER XXEXXE XXXERE XEXXKX
2, L<5B> TO<CR> &L T
1. E<5B=> EGE OO0} KX XK XK
4, D=SR= 1TT<CR> @0 3T
5. E<3B> EE 0700 0T
6. 5<{R= [713)

NOTE

The consale emulator rontine will ngt war k with odd
addresses. Even addresses must always be osed.

3.1.1 Sacvessive Operdlions

3.2.1.1 Examine - Suocessive examine operations are permitted. The address is leaded for the firse
cxamine only. Successive examine operations canse the address to increment and will displavy con-

secutive addresses along with their contents. For example, to examine addresscs S)-506, the following
procedurs may be used,

Dperator Loput Terminal THsplay
L=SB>50)<CR> il 500

E«<SB> @E Q0000 XXX XXX
E<SB=> @E S0 XXXEXRX
E<5B> HE 04 XXX X KX
E<5B> &E 00506 XXX XXX

32



3212 Depusil - Successive deposil operalions are permilled. The proceduce is idencicad oo 1hat uscd
with examine, For example, to deposit 60 into lecation S0, 2 into logation 362, and d into kocation
04

Operator Loput Termifnal IMisplay
LesSp=0<CR> i | F0X)

=SB =A< R > &>l
[3=SB=2<CR> (A
D<S5B=4<CR> AR

22123 Alterpate Deposit-Examine Operations - This mode of operetion will net sule-imcrement the
acddress. The locativn addressed will contein the lesl duly which was depusited. For exarple, w load
pddress 5300 und deposil 1000, M0, and 3420 with examine vperations alier every depoasil:

Drperator Laput Ternunal DHsplay
18RSI R > A BT

D SB= TR R rANREL I

E<SH> 7 EICSTHY D FTI00E
[ SE>NON<C R > AN Relb ]}

E<8H> i E O W] QUK KO
13 5H> 5420<CR = @13 3420

E<&%R> @ E DIESIN ] Q05420

1214 Allcrosie Examine-Deposit Qperations — 11 un exuming 15 lhe Imt iostructon alter v joad
seguence and s alterpately followed by deposile and exumines, the address will not be incremented,
aid the address will contain the lest dala which was depesited. The peior eaample applies to (his
operation, and with the exczplion ol he order of esacune and deposil, he eod eesalt is (he same.

32.2  Limies of Operation
The M2312 consale emulator can directly manipulace the lower 28K of memoery and the 4K 170 pape.
Sce Chapter § for an explanation of tochniques required to aceess addresscs above the Tawer 2RK.

3.3 BOOTSTRAPS STARTED FROM TIIE CONSOLE EMULATCR
Once the @ symbal has een displaved in cesponse Lo syslem power-up, 07 pressiog Lhe beol swilch, the
syatem s ready to bood & devicg the operater seleuts. The provedure @s as Follows.

1. Load paper tape, mapelape, disk, elc, inw the pecipheral w be boaled, i reguired.

2. ¥erify that the peripheral indicators sianifly that Lhe peripheral is ceady (i applicable).

3. Tind the boot covmmand code in Tsble 3-2 that corresponds ta the peripheral to be booted.,
Type lhe cuede oblained from the table. (Uhe & sign will be teturned at this point it the
vermecl beol BOM has nol been insialled, or if 3 nom-existent code is cvped in, IF the regiseer
display 1 primted frst, the emulator s indicating that at least one boot ROM socket is
uvailable for boot EOM mstullation)

4. [Flhere s moree thun one unit of a piven peripheral, 1ype the unit nem ber to be booted {0-77.
If no number s tvped, the delault number will be O

3. Type <CR>=, which initiates the bool.
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Table 3-X

Bont Commund Codes

Commzand
Tnterface Drerice Descriplion Code
RLI1L RLOY Disk Memory [,
RXl1] R X1 Floppy disk systen | )
RELIC,D REKO3,05 05 e pack disk DK
T TLIESS e [ual DLCtape DT
RX211 HX02 [oohle density loppy disk ayslem ny
RKal1 R R N7 sk drive ]|
ThI1L/ATLFBTI TS5 TLD hagneiie lape (%9 truck, MT
A00 hils S in, NEL)
RE1I/RITO Tie ThIb2 Mapnelic Lape MM
TAN TLind Drual coapeoetic Lape or
PC11 Iirh speed ceader FE
DLLL-A Luwr apeed reader Tr
EPil RPO2/03 Muoviny head disk D
EHILt/RITT0 B P /05,6 Moving head disk Dg
RA02 III.-TIF
RHLI/EHTD RS0 T Fixed head disk Ds
Hefore booting a device always rermnember:
1, The medium (paper lupe, disk, maglape, casselte, ele.) must be placed in the periphersl to be

booted prior ko hooting.
2. The machine will not he uader the conlrel of the consele cmulater couting afrer booting,
3. The program which s Booled 10 must:
u. Be sell-sturling or
B, Allow the user Lo load another program by vsing the CONT lunetion o
. Bestariuble [eom the consale emulator ot switch rewister ulter havinge been booted in.
331 Bootlng the High-5peed Reader Using the Consule Emulator
To foad the CPL! diagnostic for a PINE-11/34 vomputer sysiem with a high-speed reader, perfurm the
Fallowing procedure.

I. Mace the HALT/CONT switch m the CONT positian.

2. Ohtain a @ symhbal by either lurning v system power ar actuating the bool swilch. (RO, R4,
5P, and ald PC will be prnled proe to the @ symhbol.)

3. Place the ubsolule loader paper tape {coded kender section) o the high specd reader,

4, Tvpe FR<CR>.
The ahsobute leader tape will be loaded and the machine will halt

id
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Remove the absahite loader and place the leader of Lhe progeam, in this case a CPL diag-
nostic, in the reader.

fi.  Mave the ITALT/CONT switch o HALT and then return it to CONT. The diagnastic sall
bt loaded amd (he machine will halt {normal for this program; non-diagnestic programs maey
ur may nel be self-starting.)

IT progearm is aot selCstaring, activaie the ROOQT/ANTT swdtch. This will restar the console
emulalor routine.

. Using the vonsole cmulator, deposit desired functions inta the software swilch regisier (a
memory Address) iocation. (Seg the diaggnastic for the soflware swilch registec’s aciual loga-
tiop and significance.}

%, Llsing the console emulator, toad the sterling address, and stare the propram as desenibed
earlier mm this section.

332 PBouoting a Disk Using the Console Emalator

To boot the syslem's REO0S disk, which centaing the CPU diagnostics that vou want 2 run, perform
Lhe Tollowinge procedure:

I, ¥erifv that the HA LT COMNT swicch i5 in the CONT position and the wrile lock swilch on
the RK11 peripheral is in the 0N position.

2. Turn on system power or press the console boor awitch. The system wrminul displeys RO,
Rd, 8P and ald P in actal numbers followed by a @ symbal on the neal bne.

3}, Place the disk pack in drive 1.
4, When the BEDS load light uppesrs. Lhe svstenl s ceady to be booted,
5 Type DE<CR>.

This cavses the loading of the bootstrap routing into memary and the execution af that
rouLine,

@,  The program should identify itself and mitiate a dialogue {which will not be discussed here).
34 RECOVERING FROM ERRORS IN THE CONSOLE EMULATOR ROUTINE
Table 3-3 describes Lhe elfects of enléring uformation inceenestly to the console emulator routing, The
following svmbols ace used 1n the lable

{3 Represents a non-ogtal number (8 or 9)

(Y} Represents:
[. Al kevs (other then numerics) which are unknown.

2.  Koyz which are known but do not gonstitute a valid ¢ode in the context which they are
anterad.

Kefer to previows sections for & discussion of the coreect method operating the console emulator
routine,



Table 33 Deposit Errors: Lseful Examples

Error

Resukt Remedy Uperator | Termlnal
L was followed by a key | Terminal display will Trvagain | L{Y) @l
other than [SHY. immediately return an @ to
signify an unknown code. Wo
address is ioaded.
Anillegal (nan octal} Upon receipt of the illegal Try ugain | L<SH> | @L XXX9
number (B ot ) is typed | number, the Cansole XNXG (i
after the coreect lond Emulator will ignoce the
cntrance, within an entire address and returh an
ptherwise valid number. | @.
An alphabetic key is Same us illegal number, Tryagain L<SB> EL KXY
Lyped after the correct EXKEY i
load entrance within an
olherwise valid number.
The most significant, An address will be loaded. Try again if | L<SB> EL XN
oclal number in u aix bat | Howewver, the state of the requirnged EXXEXX | &
addrezs is preatet that | most sighificant address bit <R > {address loaded
one. wili be determined by b 15 IR NS
only:
2=
i=1
4 =
a=1
6 =1
1=1
An unwanted bot legal | Unwanted address will he Try again
octal number s loaded. | loaded.
An extra (seventh) octal | The loaded number will be Try aguin | L<SBE> (@l IXKNEX
number is typed. incorrect, The system will IXNNEX |
sooept uny size number but R (Actually Loads
will nnly remember the last MK
six characters typed in.
A memory location Mo ereors will pegult unless o | Tryagaih | L<SB> L IXXNXKNX
higher then the highest | deposit, examing, or start is IXXXEX |
metiocy location attettipted, callsing Bus to <CR>
available in the machine | hang up.
is loaded.
L, <5B> and number Machine will »ait Type [.<5%h™ (5] D
were entered gorrectly,  lindefinitely for <CR > & <CR> NEXEXM (@
< CR > was not entered. | Will aol be returngd <{R>

}a



Table 3-3 Depusil Errors: Useful Examples (Cond

Erxruor K.esabt Hemedy (hperator Terminal
Examine or 04l i The system will hang op. Actuate the | E<EB> or { @ or @8 (staps
attemnpled e 4 memory oot swilch | S<CR> responding}
lecarien which is higher
than che highest asailabpic
ntemory bocation in the
miching (100 page can
be examined] ot to an
odd memany lacalion.
Examing s performed Aneanmine operalion of an | Try sgain E<SR>
withoutl loeding an unknown address will he or boal if
address prior Lo first parformed, It is possible that | system
CRATING, the machine may attempt1o | hangs up,
exarane an address which
daes nol exist. Tithis happens
the svsiem will hang-up.
Start is performed Start at an unknown laocation | Depress the
without loading an will oceur, boot
address prior to switch,
gtarbnge. foad
crmes-l
eddress
and then
stare,
D was [ollowed by u key | Terminal display will Try egain DY @D
olher than o space of & immedialely return a @ obn 117
valid seeand character gignify am unknown code. IF
ol 4 boot command the register Jisplay is printed
tode. befoes the @& sign, the
emulatet is indicating vhat ar
least nne sockes is still
available for a hoot ROM.
Deposil is attempled to | The svslem will hang wp Depress the
a menory tecalion when <CR> is executed, buot swilch
which is higher than the and starl
highest available DVET dguin.

memaory location in the
machine (with the
exceplion of the T/0
page).

3.7



Table 3-3 Deposit Errots: Lseful Examples (Coni

Etror Result Remedy Operator Terrnlinal

Deprsil 15 perfortmed u. Dats will be written over | 3, Immes
withoul londinge an und lost diately
dddress or knowing following
what address has been the errar,
previously loaded, perfurmi an
examine 1o
determine
the
lecalion
which was
accessed,
Restare
original
pontents il
known.

b, Machine might hang up. | b. Acluate

the boot

switch,
Deposit into an add The syatem will hang up Actuate the
address 15 attempted. when < CR > iz execuied. boot

swilch.

Escape Rouie

IF un entry has net been completed and the user vealizes that an ingorrget or unwanted character hus
been enlered, press Lhe subout or delete kev, Thisaction will void the entireentry and alluw the user Lo
Iry wgain.

Machine “Hang-1p"
Machine has “hung-up' (hulled or gone into propram loap) if the torminal does nol respend Lo wny
kevhourd entry.



CHAPTER 4
BOOTSTRAPPING

The routines ta bootsirap a device typically read on the first sectore, block, ot 512 words from the device
into ocation O through 512 of memory. The exception ta this rule is the paper lape boot. The papet
fape boot is wmgue i lhat it ¢can do bo ecror checking and the secondary boorstrap [Lhe absotule
Iaader, for example) is read into the upper part of memory, The aclual locations londed by the paper
fape boot are patfially determined by the secondary bootsteap itzelll and by the size routine which
determines the highest available memory addeess wilhin the sl 28K, The Mexible disk [ue floppy)
reads sector boon track 1 into consecutive locations starting al 0, The magnetic wape boows tewd the
sepond Rock into consecutive locaticens starting with 4, 1If no errors are detected in the deviee, the
boatsteaps nurmally transfer contral 1o §ocation ¥ in order to excoute the sccondary boatstrap just
loaded. The only excepion to {his starting address concerns the paper tape haots, They transfer con-
trool e localion XKXKITY, where XXX G5 determined initaally by the size routine o be 4 the top of
memary. This s where the ahiolute loader has just been |oaded.

[f a devies error i dewected, 8 reset will be executed and the bootstrap will try again, The bootstrap will
he retried indefinitely wntil it succeeds without error unless the user (operatar) intervencs, The advan-
tuze of relrying the boot s that if 8 particular device heing hooted is not on-ling or net loaded, perhaps
because of a power [wilure, the boot will zive the device & chanee 1o power-up (essential for disks).

A magnedic tape transperl, hewever, will not autematically reload itsell sfter 2 power failure and
restart, This sitvation requires user inlervenlion. The user must reload the magtape and bring il back

on-line, at which time the magtape boetstrap, which will have been conrinually altempring 1o boel the
tape, will swccoed.

'R






CHAPTER 5
EXTENDED ADDRESSING

51 GENERAL

This chapter applics to vse of the MY312 in PI3P-11 sysiems which have no consele. When the memory
af a PI2P-11 system is extended beyand 28K, the processar is ahle to scoess upper memory through the
memary manapement avstern. However, the console emulator normally ablows the user to acceess only
the lower 28K of memory, This chapter provides an explanation of the method by which the uset can
ENin ACCEss [0 Upper memory in order to read or modify the contemts of any tocation. The reader
should be familiar with the concepts of memory management in the KD'11-E processor.

52 VIRTUAL AND PHYSICAL ADDRESSES

Addresses peneraled in the processor are called viclual addrezsses, und will be 16 bats in length. Physical
addresses cefer 10 actual locations in memory, They are azzerrad on the Tnibus and may be up toe 1B
bits in length (for 123K memories).

53 ALDRESES MAPPING WITHOUT MEMORY MANAGEMENT

With memory management disabled (as is the case following depression of the hoot switch), a simple
hurdwure mapping scheme converts virleul wddresses to physical addresses. Virtoab addeesses in the O
e 2BK minus 2 range are mapped directly into physical addresses in the renge From O Lo 28K minus 2.
Virtual addresscs on the IO page, in the range from 28K to 32K minuvs 2 (160000, to 177776, are
mapped inte physical addresses in the range from 124K to | 28K minoy 2, or the last dK ol memory.

%4 ADDRESS MAPPING WITH MEMORY MANAGEMENT
With memory management enabled, 4 different mapping scheme is used. [ this scheme, a relocation
constand 1% added to the virtual address to creste o physiosl or “relocated™ address.

Virtual addeess space consists of eight 4K banks where each bank can be relocated by the relocation
ennstant Associated with that bank, The procedure specified in this section 2llows the user to

1. Creute a virtwal address ta type into the load pddress command,

2. Determine Lhe relocalion conslam requieed to relacate the caleuluted viriual addreess into the
desired physical address,

3. Enuble or disahle the memory management hardware,

55 CREATIONMOF A VIRTUAL ADDINRESS

The casicst way (o create o virtual address is to divide the 1B-bit physical address inio two sepurate
figlds — & virtus)] address and a physical bank number. The virtual address is represented by the lower
13 bits and the physical hank by the upper 5 bits, The lower 3 bits of the physical bank nwumbaer (bits §3,
14, 157 represent the vertual bank number (Table 5-1) Thus if bits 13, 14, and 15 are all 0=, the virtual
bank selected ix 0. The vser shouold calculate the relocation constant ascording to Tabte 5.2, He can
then deposil this comstant in the relocation register assaciated with virtual bank @ {Table 5-1}

Wl |



Table 5-1  Linihps Address Assignments

¥iriual Relocativn Deacriptor
¥irtual Address Bank Replster Regisber
10000-17T7T6 7 172156 (72316
140000157776 B 172354 172314
12000137776 5 172352 172312
100000117776 4 172354} 172310
(-7 TTTG ] 172346 172300
(O (M) -]ST T 2 172344 172304
D2 T T T | 172342 172302
O 7T 7 D 172340 173300
Table 52 Relocalion Codstants

Fhyaical HKelocation Fhysical Relocation
Rank Mumber { amgtant PBank Mumber C'onstant
7 00700 17 ELIER 0L
36 007400 L (3300}
35 007 ) 13 M3200)
34 007000 14 TR 1]
33 E3l ] 13 CR e
az X500 12 W TRELE
3l D052 00 L1 (32200
30 koL L 10 QL2000
7 05500 7 Q01600
24 005400 f 001400
25 5200 5 0012200
4 (HS000G 4 K0 100
| 0000 3 ELEGIE ]
n 004400 2 (R
2l DO4200) 1 TR 20K
20 KKK ] OOCHICHD

One relocation repisler exisis for each of the cight virtual banks. I'm eddition w the relocadion registers,
euch bunk has its own descriptor register which provides informalion cegarding the types of acesss
allowed (read-only, read or write, ar no acoesy).

The memory management logic also provides various forma n!‘ protection ug_u.in.-:it u.nauthuri-.:ed dcoess,
The corresponding descriptor register must be set up along with Lhe relocation register to allow access
anywhere within the 4K bank.

For example, agsume a vser wishes Lo dccess location 533720y, The nommal acesss capubility of the
console is 0 to 28K, This address { 533720 is between the 28K limit and the 1/0 pajge {TGHND-7TT7T0),
and consequently must be aeccssed as a relocated virtual address, with metory mansgement enabled.
The virtual address is 13720 in physical bank 25 and is denived as follows.

a-2



All locativns in bank 2§ may be accessed through virtual addresses 001 7775, The relocation and
descriptor registers in the processar are still accessible since their addresses are within the 170 page.
{MNote that aceess to the [0 page s nol aulomelically relocated with memory management, while
aceess 1o the [/0 page 15 autamatically relocated when memory management is not wsed,)

The relocalion conslant Nor physicul bunk 25 55 005200, This ¢onstant iz added in the relocation unit to
Ube virtual addeess, as shown, vielding 533720,

13720 Yiroel address
5200y Relocated constant {Table 5-2)

533720 Physical address

The Linibus addressss of the relocation registers and the deseriptor registers are given in Table 1. The
relocation gonatant to he loaded into the relocution register for each 4K bank is provided in Tuhle 5-2,

The dutw to be loaded in the desenptor register to provide read fweite seeesy bo (he Full 45 5 ulwies
077408,

The Unibus address of the control register to enable memory management is 177572 This register 15
loaded wilth the value (MOO0E to enable memory manegement, and loaded with & 1o disable i1

To complete the example previowsly described {acossning bocation 5337203, Lthe console rouline would
be as fallows:

&L 172344 FApcess relocation eegister for virtual bank 0.,
i S200 fDennzit code far physical hank 25

@l L72336 SAccess relocation register for virtual bank 7.
w1y TedI0 Seposit code for the 1,0 page.

=L L7230 SAccess deseriptar register, virtoal bank i,
1D I S Deposgit code for read fweile access 104K
L. 17236 AAccess doscriptor register, virtual bank 7.
Ty 77404 fDeposit code Tor read /write access o4 K,
@l 177572 S Access conlrol register.

= t fEnablc memory management.

L 1372) [ load wirtual address of location desired.

& E fFxamine the duta in location 533720,

SDate will be displaved.

5-3



56 CONSTRAINTS

Loading a new relocation constant into the relocation register for virtual bank 0 will cause virtual
addresses ODHDOA-01TTTE to access the new physical bank, A sccond bank can be made accessible by
loading the relocation constant and deseriptar data imto the retocation and descriptar registers for
virfual bank 1 and ageesaing the location through wirtusd sddress Q2HK0-03T7T6. Seven hunks are
aceesuhle in this manner, by lopding the proper conytants, setting up the deseriplor duta, und selecting
the proper virtusl sddress. Bunk 7 (10 page) must reman celocaled w physicat bank 37 as i s
aceessed by the CPU 1o gascuie the codsole emulator routing.

Memory management is disabled by clearing (loading with 3] contral register 177572 It should al-
ways be disahled prior to typing a hoot command.

The start command automuelically disables memory management and the CPU begins executing at the
physical address corresponding to the address specified by the previouws load address command. Press-

g the ool switch automatically disables memaory management, The cantents of the relocation repms-
Lees are not moditied,

The HALT/CONT switch has no effect an memory managetnent.

54



CHAPTER 6
DIAGNOSTICS

&1 GENERAL

The diagnoatics in rhis chapter are standard tor the M9312 wher naed inoall PIIP-11 computers,
Faragraph .2 explains the disgnostics vsed in lower arder syetemes such asthe FPI-11 46 and 11 734,
where the consale emulatar routine and diagnostics are to be used. An explanation of switch settingy
(B1-f, und 81-3 through 51-10% necessury Lo selecl spemlic roulines s conlained in Parapraphs 2.9 aond
3.1, Paragraph 8.3 explains the diapnostics vsed for PDF-1AG0 and 170 compuiars, Wo censale
emulator routine is present when wsed with 1hese systems.

NAOTE
LO ROM ENA H jumper W-8 must be vut in order
to rum disgnustics and/vr the coosole emulator row-
Linx.

0.1 DHAGNOSTICS

An explanation of the seven CPU and memocy digaeostioc tesls [ollows. Three Lypes of lests afe in-
cluded in the M9312 diapnostics:

1. Primary CPEY Lesis
2.  Secondary CDL tesis
3. Memory test

Pridiary CPL Tesis

The peinary CPU rests exercise all unacy and dowble aperand insicoctions with all souree modes.
These tests do aol modify aerwory. ITa Teilure 15 detecled. o branch-sell (BRY will he execpted . The run
Bight will stay o because the processor will haope in g loop. I na Taillore s delecied i tesls 14, 1he
processor will emerge [com the lasl tesl und entec the regisier display roobine foensale emulatoTty.

Test | - Single Gperand Test - This test saseuies el single operand instruckions wsing destination mode
0. The basic objeclive 15 Lo verily that all single operand mstructons operate; 1t also provides 4 coryory
check on the operation of each instrection, while ensuring thut the CPU decudes euch instruclion in
the gorreey manner,

‘Fest 1 fests the destipation reglster in ils three possible slales: zeco, negalive, und posinve, Each n-
structiop operates on the register concents in one of four ways,

[, 1Daty wifl be chianged via a diveel operation, Le., incrament, clear, decrement, elg.

2, Data will be changed via an indirecl operatien, 1.2, arithmetic shalis, add carry, and subtract
CATTY,



Data will be unchanged, but operated upon wie a direct operation, ic, clear a egister
already containing zeros.

4, Data will be unchanged bul examined vin 8 non-madifying instruction {TEST).

NOTE

When aperaring upon data in an indicect muanner, the
data is modified by the state of tie appruprisle oon-
dition code, Arbrbmetle shifi will move the C it into
ot out of the destlonflon. This vpernlivo, when per-
Tormed correctly, Imiplies thal the C bl was set eor-
rectly by the pretlous iostruction. There are mo
checks on the data Ineprily prive iv the end of the
fesr, However, & chieck s made oo the end result of
the data manipulation. A cortect vesult implics that
all instroctinns manipulated rhe dam [0 e correct
way. I the data is incarrect, the program will bang in
& program lonp until the wachine iz halted.

Test I - Davhle Operand., All Source Modes — This est verifies all double opervnd, genesul. and Logical
imstructinns, each in one of the seven addressing modes fexcludes mode O, Thus, Lwo operations ere

checked: the garreet decoding of cach double operand nstriction, and (e cerrect operation of each
pddressing made for the scurce operand,

Each instruclivn in the wesl must operate comectly mm order tor the next insirection ta operate. This
interdependence 15 cammisd thoougeh Lo the Jast anatruction (it test) where, only throngh the soreect
secution ol all previous mstrections, o duta Seld 5 exained for 3 specific bit configuration, Thus,
tach instruetion prior Lo the last serves to set up the pointer ta the fest data,

Two checks on instroetion operation are made in fese 2. One check, o branch on coodition. s made
frllowing the compare instruction, whibe che seennd s made as the [ast inscroction in the 1080 Sequenoe.

Sin Lhe GO-WO OO wess reside in BOM memuory, all daty manipulation (medifcationy must he

performed in destinslion mode 0 {repister conlains datay. The daty and addressing constants wsed by
test 2 oare conlwned wilhin 1he BOM.

T 15 imparrtant o note that two different tpes of operations must swecute cotrectly in order for this
lesl b operate:

I.  Those insleuslions Lhal pariicipaie o computing Lhe fnal address of the dula mask Toc the
final bil test inslouction.

2. Thase instructions that manipulate the 1est Jata within the repisler 10 generate the expecred
bin patlerm.

Dietection af an erroc within (s 1est resulls o progeam oop.
Test 3 — Jump Test Modes L, 2, and 3 - The purposc of this test is 1o chsucc sorrect operation of the

jump instructiow, The test is eonstructed so that only a jump to the expeeted instruction will provids
the cotrect pointer for the nexe instruction.



There are lwa possible failuce meodes thist can occwore in this tasls

1.  The jumnp addeessing ciccuatey will malfunction cavsing a eanster of execution o an ia-
corresl Losleuclion SEQuence Oc on-gaislent memory.

A

2. The jumpaddressing circustey will mallunction in suel o way as to cause the CPL 1o loop,

The latker sase is & logical error indicator. The former, howeser, may manifest iweelf as an after-the-fact
arror, For example. if the jump causes confral to be given to other routines within the M9312. the
interdependent instruction sequenses world probably causc a faiives to eventually cocur. L any case,
the failing of the jump instruction will evenually cause an owr of segqueace or illopical event (o ocour,
This in irsell is 2 meaningful indicator of & maltunetioning CTL,

This test cantaing a jump mode 2 instructinn that is net compatible agross the F13P-11 ine. However,
iL will opecate vn any FOP-11 within this test, due te ihe anigue pragramming of the mmatroction within
Lest 3. Before illuslrating the aperation, i w important o understand the differences of the jump mode
2 belween machines.

On the PDE-LL/0E D110 115 and 11,70 processors, for the jump mode 2 [IM PR+, the register
(R] is ineremenled by 2 prior Lo eaecution n['thl:]um]'l O the PTIP-11 4K, 11,734,171 /535, 11,740, 17 /45,

11750, 11735, and 11/ processors, (R) is used as 2 jump address and incremented by 2 after CRECL-
LGion al the jumnp.

I order Lo overcome s neompatebilily, the TMPUR )+ 15 progremmed with {R) pointing back an the
Jump isell. On PDP-11/05, L1A0, LIS, and 11,720 ProCesss, exerutiin af the instruction wauld
cauze (R Lo be 111Lr|:m:nt1:d te1 |'.|mnl te1 Lhe Tnl]nwmg instruction, effectively conbmuing 1 normal
exsculion sequence.

Om Lhe PDPE-11,/0d, 1034, 1135, 01740, 1145, 117500 L1755, and 11,710 PTNCERADTS, the ure of the
initial value ol {E) will cause Lht_]LllTl]'.l i koop back cm |L~.::II' Huowever, r_urn:r_l pperstion of the autn-
increment will move {R) 10 point 1o e nest melruclion Mollowing the inbial jump. The jump will then
e cxocuted again, However, Lhe destinarion address will be the oeat instouction in sequence.

Test 4 - Single Operand, Mon-Modifving Byte Test - This test focuses on the ong single opgrand
instructien, the TST. TET ia u spemal gase in the CPL exegution Flow since it 5 A non-modifying
uperalion. Test 4 alsn tests the byte operation of this instruction, The TS5TH instruction will be exec-
cuted in made 1 (register deferred) and made 2 (register deforred, anto-inceement),

The TSTH 1= programmed to operate on data which has a nogative valuc most significant e and a
T [mol pepative) least significant hyte,

Im order far this teat to aperate properly, the TSTH on the low byre must Firse be able to access the even
uddressed byte and then set the proper condition codes, The TSTB iz then re-executed with the avlo-
increment facility, After the auto-increment, the addressing eepister should be pointing to the high byete

of the test duts. Another TSTB is exceuied on what should be the hiph byvte. The N bit of the conditien
codes should be s=t by this operation,

Caorvect execution of the lixl TSTH imples thet the suto-incremene recaognized that a byte aperacion
was requested, thereby only incrcimentitg the address in Lhe cepisler by one, ralher thun lwo, IF the
carroek candition code has hol been el by the wssocatled TSTH mstroction, the progeam will loap,



Upnn succersful completinn of test 4, the register display routine is enahled. Thiz routine will he
furllivwed hy 8 prompt character (§) on the next line.

An exumple of 1 typical printaut folows,

XXXXXX AXNXYX XXNXXX NXNXNXNX

i
Ril R4 R& RS
Prompt (Stack (CMd Py
Character Fointer)
NOTES

1. X signifies an octal number (-7}

2. Whenerer there i3 a power-up routine or the booi
swhich I5 released on PDP-11/04 and PDP-
11:24 muachlocs, the PC oat this tfime wEil be
sored in B, The confents of RS are then printed
as the old PC shown in the example.

3. The prompeing characrer siring indicates that
diagnostics bave heen run amd the processar 13
operatng.

Secondary CPU and Memory Tests

The secondery TP tesls modily memory and involve the wse of the stack poinrer, The JME and 18R

imstructions and all destination moedes are lested. IT o failure is detected, (hese 1ests, unlike the primary
tests, will execnle 4 halt,

Secondary CPU and memory diaguostics are run immediately after test 4 when they haye been évolied
by means othcr than the console emulator, provided that the correcl micreswilches have been ser, 1P
the consale emulator has hesn entered at the completion of st 4. 1he secondacy CPFU and memary
diagnostics will be run when the appropriate boot command 15 given.

The M9312 reacts to a false hoot gommand (an invalid sddress code) by reluromig Gy Lthe console
emulatlor routine, This should not be interpreted us a diapnostic test Twilore.

Test & — Ivouble Operand, Maodifying, Byte Teat — The objectve of this test 18 1o verify that the deable-
aperand, modifring instructions will operuie in Lhe byle mode. Test 6 conlling theee subfeses:

1. Test source madde 2, destinagion made 1, odd and even byles
2. Test source mode 3. destination made 2
3. Test source mode 0, destination made 3, even hyte.

The move byte (MOV B}, bit ¢lear byte (BICH), and bit aet byvie (BISB) are used walhin lest & to verify
the operation of the medifving douhle-operand functions.

Since modifying instructions are under test, memory must be used as a destinatian for Lhe best dulo.
Test & usea location 500 ws v destinalion address, Later, in tost 7 and the memory test, lovation 500 i3
wged ag the first available stotape for the stack,

ik



Wote Lhal siooe st 6 15 v byle west, locaton S0 oplies that baih 500 and 301 are vsed for the byte
tesits (even and odd, respectivelyy. Thus, in the word of data at 300, odd and even hywes ane gaused tn be
aAll0s and then all 15 altcrrately thraoughout the test, Kach byte is modified indspendently of the other.

Test T - ISR Test - The [5RK 15 the first test in the GO-MNO GO sequence that utilizes the stack. The
jump subrowtine command (I5R) is exgouted in modes 1 and 6. After the 15K s executed, the sub-
routing which was given contral will examine the stack to ensume that the cormect data wes placed m the
corregt stack locatiom (300). The routine will also ensure that the line back register noints Lo the sorrect
address, Any errars detected i this test will result inoa halt.

Test & — Dual Addressing and Data Check - Finally the memoary test performs both dual addressing and
data check of wll the wvailable memory on the syslem below 2BK. This dest will leave all o memory
clear. Like the secondary lests the memory 1est will hall wwhen an erroc 15 detected. A the time 1he
memary errar halt is execured, Rd will cantain the address at which the failuve was detecred, RO will
contain the failing data pattecn and RS will contain the expected daia patteen. Thus alter a mematy
failure has occurred, che vser can enter the conscle emulacer and have this itdormation printed auc
immediately by display routine, (See section an conscle emulacoe.)

6.3 DIAGNOSTICS (PDP-11/60 AND 11/70)

The M3 provides basic diagnostic 1es1s for the CPU, memory, and cache when used with PDI-
11/60} and FOP-11/70 <omputers, All diagnostic dests reside in ROM memary locations To5000
through T0E7T8 (console cmularor eoutine i3 eliminated.) These diagnostics lest the basic CPU inclad-
ing the branches, the registers, all addeessing modes, and many of the instructions in the FDP-1]
repertaire. Memary from virtual addeess 10000 (o 1he highest available address up 1o 28K will also he
checloed, After main memory has been verified, with the cache off, the coche memory will be tested 1o
werify that hirs occur properly, Main memory will be scanned again to ensure thar 1he cache i working
properly throughowt the 28K of memory tobe wsed in the boot operation, IF one of the cache memarcy
tests fails, the operator can amempt to hoot the system anvway by pressing continue, This will cause
the program to force misses in hoth groups af the cache hefore poing to the bootstrap section of the
program. The Tollowing 15 a list of M9312 diapnostic tesis.

TEST 1  This test verifies the unconditional branch
TESTZ Test CLR, MODL 0, und BMI, BYVS, BHI, BLT, BLOS
TERT Y Tesl DEC, MODWE O, und BPL, BEQ, BGE, BELE
TEST4  Tesl ROR, MODE @, and BVC, BHIS, BNE
TEST S  Test cegister dute puath
TESTH  Test ROL, BCC, BLT
TEST?  Test ADD, INC, COM, and BCS, BLE
TEST I} Test ROR, DEC, BI%, A1}, and B1LO
TEST t1  Test O0OM, BIC, and BGT, BLE
TEST 12 Test WAl CMP, BIT, and BNE, BGT
TEST 13  Test MOVH, 80R, CLKE, TST and BPL, BNG
TEST 14 Test 151, BHTR, BT, and TMP
TEST 153 Test main memary frome vitkua] O01000 1a Just address
Cache memory diagnosiic tesls
TEST 168 Tesl cache dula memory
TEST |7 Test ceeinary with ihe data cache on



Dizagnostic Test Descripbinns

Test 1 - Yerify the Unconditional Branch
The regialers and condition endes are wll vndefined when this test is entered and they should remain
thul way wpan completion of this test.

Test 2 — Test CLR, MODE {, and BMI, BYS, BHIL, BLT, BLOS
The registees and condition codes are all undelined when this 1esl i entered. Upon completicn of chis
teat, the 5P (R6) shauld e zeeo and anly the Z lip-flop will be sel.

Test 3 - Tesr BEC, MODRE 1, and BI’'L, BEA), BGE. BLE

Lipaa cnotering this test. the mudumn -:-a:nd-e:s. aee N =02 =1 ¥ =0 und T =1

The registees aret RO = 1, Rl = LW RE2 ~ L Bl =7 R4 =2 B3 = 7. und 5P = DODOK.
Lipon campletion of this tc5|. thc cc-nd]uc-n codes wilt bei M= [LZ=0V =0 and C =0.
‘I'he registers affected by the tost are: 5P = 177777,

Test 4 - Test ROR, MODE 0, and WY, HHIS, BNE

Upon entening this test, the Lcmdmn:n I:'I.'!ld.b'i st N =1, A=0,V=ILand =1,

The registems are: RO =T BRI =7, R2I =7 R3 =7, R4 = 1, Rs = "',and S = 177777,
Upon completion of this test, the :cmdili.t:ln codes 1.t1|| be: N =4, L =1, ¥ = |, and i =1,
The repmisters alfected by the test are: 5P = 077777,

Test § - Test Repister Duta TPaith

Upon entecing this test, the condition codeg are N = L Z =0, Y = [, and € = L.

The registers are: B0 = 7, Rl = 1 B2 =" R3 =1 Bd =7 KR35 =7, and 51* = FT77T0T
Uponn completion of this test, the condition eodes will e M =0, X = 1V = D and = 1),

The registers are left as follows; B = 125353, K1 = 0K, BRI = 123252, R3
RS = 1253232, and 5P = 125252,

123252, R4 = [25452,

Test & -- Test ROL, BOC, BLT

When this (<5t s catercd, the condition codes aret N =D A =1, ¥V =0, and 0 =10

Tho registers are: KA = 125252, B] = QOHI0, B2 = 125252, RS = 125252, K4 = 125252, K5 = 125252,
Sp = 125252,

L pan completion of this test, the conditinn endes arec W =0, 2 =4, ¥V = [, and € =

The registers are eft unchanged except for H2 which shoold now equal 052524,

Tast T — Teat AIMY, INC, COM, and BOS, BLE

When chis test is encered, the condition codespre: W =0, Z =0,V =1, und C = |.

The registers sre: RO = 125352 B 1 = 000000, B2 = 032324, R1 = ]L.»_i'-! R = 25252 5 = [25252,
SP = 135251

Upon completion of this tegl, the conpdition codes aree N =005 = 1, ¥ =0, and T =100,

The regislers are Jefl unchanged except for B3 which now oquals (KN, and R which is alsa COGC0 .

Test 10 - Test ROR, DEC, BIS, AT, and B1.O

When Lhis Lesl s tnlt::n::d Lhe I:.CI]‘:I'leUCIJ‘:I codesaree N =0, £ =1, ¥ =0, and T =1l

The registers wre: RO = 1253252 R = 000000, R = I}52524 B3 = Q0000 R4 = 125252, K3 = 125252,
and P = 125352

Upen completion of Lhis 1es(, 1he condilion codes are;, N =1, A =0, ¥V = and O =1L

The registers are left unchanged exccpe for R1 which should equal 177777, und B4 which should now
equal B52535,

Test 11 — Tear €40, BIC, and BGT, BLE

When this test is entered, the condition codes uree N = [LZ =0, ¥V = D and C =1,

The registers arc: RIN= 123252 R1 =1T1TIT, R1 = 0‘2‘24 E3 = QDo0n, R4 = 032373, B3 = 125252,
and 8P = 125252,

G-t



Upcn completion of this test, the condition codes aree N =0, L =0, ¥ = |, and C = |.
The registers arg loft unchanged excepl fur BO which should now egual 032525 and Rl which should
now equad 152524,

Test 12 - Test SWAH, CMP, HIT, und BNE, BGT

When this test is entered, the condibion codes are: W =0, 2 =0, % = [, and C = 1,

The registers are: RO = 052525 R =052324, B2 = 052524, R = Q0N B4 = Q32325 B = 123253,
SP = 125252,

Upun complelion of this lesy, Lhe condition codes ares M =L 2 =0V = and 0= 1.

The registers are now: RO = 052525 RI = 032125, B2 = 52524, B3 = (XD, R4 = 0325325 Ri =
052323, 8P = (2525,

Test 1} - Test MOVE, SOB, CLR, TST and BPL, BNE

When this test 35 entered, e copdiion codes aree N = Q. A =0,V =0, and . = 1,

The repislers are: RO = 032325, B ~ 052125, B2 = 052524, R3 = (MKIHE, R4 = 0532525, R3 = 052525,
unid SP = [25252,

Upon vompletion of Ues (e, the condition ¢odes arg: W =0, Z =1, ¥ =0, and C =1},

R4 15 decremenled by an SOB inslrustion 1o 000000: B is <lcaved and fhen incremented araund ta
ILLEAIE T

Test 14 - Test ISR, RTS, RTT, IMP
This test st sety the stuck poinler 1o 00776, und Lhen veriles thel JSE, BRTS, ET1, and TMP all work
properly.

On entry te Uhis test, the steck pomnter (8P 15 mitahzed oo Q00776 and s lefl Lhol way on eail.

Test 15 - Tesl Maio Memoery from LHH (o Hiphest Avallable Address up (0 28K

This Lest will 1esl medn memory witl Uie cache disabled, feom victual address 01000 to the last address
(up to 28K, The memory is sized before testing begins, If the dara does not compare properly, the test
will iall at either 163516 or 165534 IF a parity error oocnrs, the test will hale ag addeess 1637350, with
PC + 2 on the stuck.

Lot thas lest Lhe registers are inwialiced as [ollows: RO = Q0000 R = DATA READ, B2 = LK), R]
= 177746 (gache ¢ontral registery, Rd = count value, B = lase memory address, 5P = 0776,

The following two Lesls are cuche memory tests. [T either of them fuils e run successfolly it will come i
o hall oa the MO3 2 BOM. 1 you desire Lo try Wo bool your sysiem anvwey. vou can press conbinue and

the program will Tecce misses in both groups of the cache vnd ge Lo (the bowtelrap thel hus been
selecred.

Test L — Teat Cache Daida Memiory

This test will check the dasda memary o the cache, on the PDM™-11 /60, There 15 only one proup {1 K}, on
POP-11/70 there are two groups, (1 /2K each, The test loads 0332525 inte an address, cemplements i
twice and then reads the data, then it cheeks to cusore chat the dara was a hit. Then the sequence is
reneated pn the sume sddress with 125252 as the data. Al cache memary data locations are tested in

Lhes wuy. IT eilher group fuils and the operator presses contipue the program will try {0 boot wich the
cache disehled.

The reweslers ure intialized a5 fallows for this teat; RiE = HEA] {addressy, B1 = 2 (count], B2 = (D00
{county, B3 = 177744 {vontrol register), R4 = 125252 (patlern), K3 = {last memory address), 8P =
0778 (NMug of 2ero pushed on stackd,

b7



Teat I7 - Tost Memory with the Data Cache [n

This tesl checks wirlual memory from 001000 thru last addreis 1o ensure that vou can get hits all the
way up through mam memery. Om the FDP-11,/T0, it atacts with groop | enabled, then wests group 4,
und finally checks memory with both proups enabled. On the FDP-11/80, the test is done with the
whole cache enabled.

L'pon entry the registers will be set up as follows; KO = Q010 (addressh, R1 = 3 (pass couni), B2 =
(Tirst addressy, R3 = 177746 (cantral register), RS = (last memary address), 8P = 775

Uipon completion of this test muain memoey from vitual address (0100 thru last address will contain
il wwm vickua] adidress.



APFENDIX A
M92312 JUMIPERS

Al INTRODMICTTON

The MY312 Boagtstrap/Terminatar Module s compalible wilh any PDIP-11 svstem through the use of
12 jumpers {W-1 through W-12) Table A-I eaplaing the funclion of these jumpers. Tabke A2 shows
necessary jumper configurations for various PRP-1T systems.

Table A-1 Jumper Explanntion

Jumper Functioo

Wl Connects Pull Up for BLE BG4 H (When in)

w2 Cuomnects Pull Up for BUS BGT H (When in)

w3l Connecls Pull Up lor BUTS NP H (When in)

W4 Connecls Pull Up lor BUS BGE H {When in)

W5 Connecls Pull Up [or BUS BG4 H {(When )

Wea Connecls BUF VECTOR L to inger BDM (N for PDP-11,/71H
W7 RESERYED {Alwuys in)

W Connecls: LO BROM EMABRLE H {(When out)

W W0 Install for power-up boot to 773024y (IM Tor all CTUs exeept 11 /60
Wi, Wiz Install for power-up boot te T73224pg, {IN for PDP-1] /60 only)




Tahle 4-2 Jumper Confliguratinns

FDP-11 Systems

Jumpers
W1 (W2 (W [wd [We & Eﬁ"‘m— Fi

Wil

wWwid

PDP-11,/04/34/34A
{Bladified Unibus
Device Muchine}
with the M93121n
slot AB2Z, 3, 4 nf
proceasor hacknplane

FDP-11;70 wilh
Mo312inslel EFL
al processor

buck plane [See note)

FL:E-11 /60 wilh 9312
im lhe Just AB slot of the
lasl roemury backplane

CHher Umtbos CPLy
with un M9312, ur
an M23121n place
of an M2301 ar
equivalent

QUTIOUT QL Tour l'.'.'ll,"l'iUl."l N (OUT[IN [IN

M (IN |IN |IN |IN (TN fIN [OUT|IN [N

QUT [QUT |QUT | OUT{OU T [OUT|IN | QUT |[OUT(OUT

IN I 1IN [IN |IN |OUT{IN |IM |IM ll?"-l

0Ll

LT

OUT|OuT

[

OUT(OLT

MO TES
I a Unibus repeater 1= uged in the sysrem. the M9312
oust be stalled on the processor side ol che re-
prater.

Eor boot on power-up the 11/ requires the follow-

ing.

1,:E TOLIFY backplane FOO A {wire list Rer I or
later]

2. MEIM ECO% 1.2 and 3 (05 Rev O or later}
Jumpers set as Folbowa: Wl-1™, W2.0LT, W3-
1M, Wa-0UT, WE-DLIT, Wi R, WT-081T,
WE-IM, Wo-01IT

3. MELIX KOO S (O Kess C1 ar E or {ater]

4. BYAIZ ECO 1 (CS Rer B or later]



APPENDIX B
MY31I ROMSs

The MS312, theovgh the uze of sockered ROMs, ¢an boot mest PRP-11 peripheral devices, run diag-
nastic Tontines or execute a consele cmulator routing, The Address Cffser Switch Bank (Paragraph 2,9
and Appendix £ is used to selegt one or more of these functions, Frve sockets are wsed o ageept
ROMs with these various routines. The qonsole emmulator and disgnostic ROM spcket [120) aocepty
ROMs which contam either a consile emulatar and diagnostic routing nr just & diagnastic routine Tor
the PFI?E-11/00 and 1177, The last twao charagters in the pattern number for these RO s will always
he “F1.* T'he other four sackets (locarions H32, k33, E34, and F35) acoopt. ROM s which contiin
bactstrap programs, The last twa characters of the partern number for boot ROMs will always be
At Although i s not required that a particular device boot RO gooin s parbizolar socket, the
urder in which thess sockets are filled is important. Tahle B-1 shows the necessary installation order
for Bool ROMs.

Table B-1  Bont ROM Tastzllativn Order

Cyrder of

Installation ROM Socket 2 Location
First Boor BOM®* Eis 1
Second Boot ROM ka3 2
Third Boot ROIM E34 3
Fourth Bool ROM E3zZ 4

*0n PDP-11:64 il only one KM, theo o must be installed in ROM location #2 to do e power-up
boot.

B-1






APPENDIX C
NM9312 ADDRESS OFFSET SWITCH BANK

C.1 INTRODUCTION
Tables -1 through C-11 contain the necessary information to boot a particular device either on

power-up boot, pushbution boot, or console load address start sequence. A morc detatled caplanation
af these switches and their [unctions may be found in Paragraphs 2.9 and 3.2, Table 3-1, Figure 2-11,
and Appendix F.



Table C-[ ROM F/MN 23-75149

Device to be | ROM Location | Diap- Starting Switch Settingz 81-for Power-Up Bool or Push-Butfon Boot of Device | SWR
B ted from App B nostic Uit | Address® 1 2 3 4 5 & 7 B 9 1 Code
KL KM ] N0 0 173004 WK | + |OFF [ OFF | OFF | OFF [OFF {OFF |ON | OFF | NA
K111 Reand i YR [ 173006 it |t |QFF | OFF | OQFF | OFF [OFF [OFF |ON | ON | 012
RLA1 ROM 2 N0 0 17344 OFFF |+ |OIT | ON o' | OFF |OFF {OFF JON QFF [ NA
RILAl ROM 2 YE5 0 173104 OFF | = |OFF | ON OFF |OFF |QFF |OFF |ONM OM g s
RLOl FOM 3 N 0 173404 {FF | & |0ON OFF | OFF | OQFF [QFF JOFF JON OFF | NA
RLOL RN 3 YES 3 17306 {OFF | # |1 C3FE | OFF | OFF [OFTF {OTF JON ON 412
KLl RO 4 N d 173604 OFF | [N L OFF | OFF |[QFF (QFF |ON OFF | NA
KELI1 KO 4 YES | F7 30005 OFF |+ [0 oM OFF |OI'F |OQIFF |OFF |ON O G612

*The starclog addeeas for the conaaic 1oad addresa and atart sequence.
1 51-2:when 0N, power-up bung ig enabled;, when OFF, powerap oot disabled. (Mt be OFF for PDP-11780. Sce PDP- 1/60 documentation for power-up bood.}

MOTES
If diagnnstics are fo he run, 3 CFU diagnostic ROM must
be in location E20, and [umper WH must he qur,

When booting fram the consale enmlator, a device
meeimonis amd uhnil mernleer are required, 5T upit number
s ot enlerel, il assemed o be zero, Listed below are
the device mnemenic aocd vnit numbers supported by this
ROM, and tiw device CSE address assumed by the boot

el
Device Mumemonic Lol CSIL
L] oL 0-3 74400



Table C-2 ROM P/N 23-752A49

Device to be ROM Lacation  Diag- Starting Switch Scttings 81 —far Pawer-Lp Boot or Push-Buttan Boot of Derice | SWR
Rooted fram App B nostic  Unit  Address® [ 1 T 3 F] 3 3 7 R g 1T | Code
REKO&/Q7 ROM 1 N & 173004 OFF ¢ 0OFF OFF QFF OFF OFF OFF ON  OFF | NA
REO&/07 AL YES d 1 730005 OFF  +  OFF OFF QFF OFF OFF (FF ON ON [ M2
RLOa/07 RM 2 M) il 173204 OFF + {}F (OM LFF IF OFF  OFF (N FF | MA
EEKOa07 Ew 2 ¥L& | 173204 (OFF t  {WWF 0N DOFF OFF QOFF - QFF ON LY o132
RREGa& DT ROM 3 W2 il | 73404 OFF + ON  QOFF (FF OFF QOFF 0OFF 0N OFF | NA
REDa/07 R 3 ¥L& il 173404 OFF  +  ON OFF  OWE - OFF OFF OFF ON L 412
RO D7 Rom 3 L 0 17304 OFF 1+ ON 8 LY (E - OFF OFF OFF N OFF | MA
RKO07 ROM 4 YLS 0 173606 OFF  f OM N OFF OFF OFF (OFF ON ON | 612

*The storting addreas for the cunsele logd jddress and start sequence.
TE1-20 when (N powerawp 300l is enubled ; when CFF, power-up boot disabdzd. (bMust be QOFL Foc POP-1EAG0. See POP-1 1460 documentation far power-up boat.)

MOTES
[§ dizpnestice are o be run, 3 CPU diagnestic ROM most

e Ly locationn E20, and jomper WE must be oul.

¥When booting from the cosobe emolator, o Jevice
nmeraomis and 1t ke are pequicest, IF it nomber
is met enfered, it is assined o De zetoe, Listed Delow are
the device maemonic and nnit munlers suppotted b this

ROM, und rthe device CER address assomed by (e oot

comd e,

Dy i
RO O7

Mremonic

I

Unit
n-7

CSR
TTT440

C-3



Tahle C-3 ROM F/N 23-753A%

Device to he | ROM Location | Ldiag- Starting Switch Settings 8| —for Pawer-Up Boat or Push-Butfon Boot of Device SWR
Do ted from App B nustic | Unil | Addres® 1 A 3 4 5 & 7 5 9 M | Code
KX Fias M ] 1750004 OFF b+ (ofF | OFF JOFF | OFF | OFF | OFF | 0x OFF | KA
E X H{IM 1 Y& (1 17300 QFF 1 |0OFF | OFF JOFF | OFF | OFF | OFT | Ox oM nlz
KEX01 [t i ] | 1732014 OFF | 1 [OFF | OM OFF [OFF | OFF | OFF | ON OFF | KA
F.X0] EOM 2 YF& (1 173200 QOFF | + [OFF | M OFF | OFF | OFF | OFF [ ON ()8 212
RX01] EGM 3 LN 1] 1734004 [IFF 1 M (IFE |{3F [ {WF |ddE | OFF | O OFF | HA
EX01 ROM 3 YES 1] 17340060 FF T |1 {(F | OFE | {WE |{WF | OOFF | 1 LM 43132
RX0] R 4 NG 0 | 73404 QOFF | 1 |ON N OFF | OWFF |OFF | GFF | OM OFF | SA
RX0] ILOA 4 TES 0 1 734045 OFF | + |ON M QOFF | QFF | OFF |{FF | M O G132

*The starting acldress fao the coosele bl asdres, and st sequence.
+ 81-2; when UM, power-up boot is enabled; when OFF, power-up boot diasblzd. (Must be OFF For FOPF-E1/60. Ses PLP-11/00 docementation for powessip bt )

NOTES

If diagnostics are o e ron, 3 CPU diagnostic ROM must

Be in logntion B0, and jumper WH must e oug.

When koo ting from the consale emulator, a device
mnetiomic i unil oumbeer are required . I undl ooeokser

s w0t entered, 1t 1s assumed 1o e Zeno, Listed Lelow ape

the device mnemanjc and unjt mommhers supported By this
ROM, pnd the device (2SR address assumerd hy the hont onde.

Dievice

RX[H

Mucmonie

DX

Unit
0-1

CSR
IO

4



Tubtks C-4 ROM Iy/N 23-75540

Device to be REOM Location | Diag- Slariing | Switel Settinas S1-for Fower-Up Boot or Push-Button Boat ot Device | SWR
Booted trom App B worstic] Linet | Addpesst | | 2 3 4 5 o T 3 9 10 Code
RPDZ/03 RN 1 N & (1730 |OFF ¢+ { OFF | OFF | OFF | QFF | OFF | OFF [ ON OFF | NA
RPD2/D3 ROM 1 YES a 1730 |OFF | = ( OFF | OFF | OFF | QFF | QOFF | OFF [ ON [ ma2
RPO2/03 RoON 2 MO q 173204 |OFF | = | OFF | O OFF { OFF | OFF [ QOFF | ON OFF | WA
RPO2103 RO 2 YES 0 [732)6 -[OFF | = | OFF | {4 OFFE f OOFF | OOFF [ GOFF [ TIMN LM 211
A RO 3 M{) 0 TA0E [OFEF | F [ ON | OFF L OFF | OFF | OFF | OTT [ ON | OFF | NA
RPO2/03 RiIM 3 YES [0 [ 72406 [OFF |+ | 0O0% (FF | OFF | OFT | OFT | O | ON ON | 412
RPOZ/0S ROM 4 N 0 173604 (OFT [ | ON O orr | OI°F | OI'F [ OFF | ON OFF | NA
RI02/03 ROM 4 TES O [173ads (OFT [+ | ON LAY OFF | OFF | OFF { OFF | ON QN 01z
RFO&4/05/06 RMOZ03 ROM L WO 0 173050 JOFF |+ | OFF | OFF | OQFF | O OFE PO [ OFF [ OFF [ NA
RFR4/05/05 RMO2/03 RO L YES 017305 [OFF |t | OFF | OFF | OFF | (N OFF | 1M I | (0 (5é
RPO4/05/06 BMU2 N3 ROM 2 N0 0 173250 [OFF | = | OFF | 0% (] o O CHEE | (N OFF | (3FF | NA
RPFDA/D5/06 RM(2/03 KM 2 YES { 173232 |QAFF |+ | OFF [ O T | O CIEF | O OFE | O 136
REQ05/06 EMOZ/03 FOM 3 MO 0 173430 |OFF [ 1+ | ON OFF | OFF | O CIEF | CIN OFE | OFF | KA
RPO4/B5/06 RMOZ/03 RO 2 YES ¢ [173432 |DFF [+ | QN OFF | OFF | (1N CFF | 0N CFF [ O 4306
RIMO4/05/06 EM0O2/03 RO 4 [y (B a 1736833 |OIT [ 5 | ON CHY OFE | OR o o COFF | OFF | NA
EPO4/05/06 RM0OZ/03 ROM 4 YLS a 173652 |OFT [ 5 | ON M CFF [ ON DOFF | ON QOFE [ ON Y

*Tlee starting address for the wonsale lead addrcss and start ecquence.

F51-2: when ON, pawersug oot is enalled; whee OFF, aowarop ool dealled. (Mgt b OFF o0 PDP-11 060, See PDP-11040 documentation Zor power-up aook.}

M{TES
[Fdkgnostics are ta be mn, 3 OPU diaganstic ROM nost
b 113 Jogzsition E20. and jumper WH mnst be out.

When booling Crom e console ernubalvr, o device
mneierrnie and anil number are reguined . IF el aumbee
B ool eadered, i iy wssumed Lo be zero. Listed below pee
Lhe device meemonic and unil numbers suppocted Dy s
ROM ., undd the device CSR address assuroed by the Dot

vode,

ievice Hiamanije Linit CSR
R b2 13 1P -z TTRT4
KEIESE e BM02mA (B 53 -z FEETO0

-3



Table C-5 ROM /N 23.75649

Deviee to e | ROM Localion | Thas S Lar Line Switch Serlings 51 = for Power-Up Bool or Push-Botion Bout of Deyvice | 5WR
Boatel Frown App B ricrslis Pl | Address® | 2 3 4 3 & 7 5 9 10 Caode
REO3Q5/05T RN | gl 0 [ 73004 2rrF | v | OFF | OFF | OFF | OFF | OFF | OFF | QN {OFF | NA
RREO3/05/05T ROM 1 g8 2z L7364 OFF | + | OFF | OFF | ON | O | ON | OFF | ON OFF | Na
ERO3,05/0%5] RO | TL= 0 L 73006 OFF | t | OFF | OFF | OFF | OFF | OFF | OFF | QX 1M 0z
RED3/05,/05 RO 2 ik i 0 FR204 OFF | f | OFE: 0N CIFF | {WHF | {IFF | {HFE | 03N OFF | HA
HKO3815/058] RO 2 M i 2 173364 IFF T | OFF § (N . [IN (M {IM {IFE | (3% LFF | NA
RKD3/05DE] L YE& 0 1732008 {IFF + | OFF : (3% ; LIFF | {IEF ;' OFF | OFF |ON 0N 212
RENIOEE) Hid 2 MLk i 1734004 LIFF + | ON O | OFF | OUF | OFT | OTT | OMN O | XA
EED3/O5MR]T Hidw 1 ki) 2 173504 OFF E | N OFT | ON 7 ON ON Orr (OM  |OFF | NA
REOS/0305T [ HOM 3 YES i 172408 OFT & F | OGN Ot | OFF | OFT | OFF | OFF {ON oM [ 412
REG30355T | BOM 4 ) i 17804 OFT | = [ ON O OrF | O | OI'TF E OFF JOM | OFF | MA
ERG305703F | ROM 4 W a1 171764 OFF |+ 1 ON O ON ) Ox OFF fON  |OFF | NA
RKOQ305/05] R 4 b B ] 173606 OFF | + | ON oW | OFF | OFF | OFF | OFF | ON O ala
TOES 36 REOM i M) [l 173034 OFF| + | OFF | OrT | OFT | OFF | ON ) ON OFF | MA
TU=51560 ROM 1 Y= (] 1730306 OFF | ¢ OFF | QUT | OfT | OFF | OW | O oM M 042
TLIA550 RiiM 2 MNCY [ 173234 (FE | F | OFF | N OUF | OFF | ON O™ ON O | NA
TS5 50 Hi{1M 2 YRS 1 173235 {}HF T | (ME | LN OFF | OFF | ON ON 0N oW 241
TUSS 56 RN 3 N 0 173434 OFF | T | O OFF | (1FF 4 {F | 1IN TIM [ UFT | N4
TDA5! 56 RN 3 ¥YES 0 173436 OFF | T [ (kN COFF P OFE | OFF 1 O M LN ™ 442
TUES 58 ROM 4 M 0 173634 OFF | T | ON 0 OFF | OFF [ OM M O OFF | NA
TU5558 ROM 4 TL5 ¥ E73638 OrFrF | + | ON DX O | OrF | oM OM l O | ON B2

*Tlez sLarlirg ikl resz o the console load address and starn sequence.

151-2: whon O, poreriwg hoct is cnahled: when OFF, powe-up boot diza®led. (Must 32 QFF for PDP-1 180, Sce POP-t 150 deconkentation for powst=ap boot )

NOTES

If diagnostics arc to be ron, 3 CPU diagnostic BOM must
be i deeation E20, and jumper W8 must be oul.

When bootine from the consode cmudator. a device
croreanionnic gd woil muber wee veguired, I0 unit aumber
i ok emlered, it is assmed (o be zero, Listed elow are
the device mmemonic and waif anmbers supported hy this

B, gnd the device OSRE address assumcd by the boot

concles.

Device

ERO3/05/05]
TU55534

Mnemonic

OE
OT

Unit

07
07

C5R

TrrAng
TIT3gl

-6



Table C6 ROM YN 23-TA7A%

LDevice to be | ROM Location | iao- Starting Swirch Serfings 31 - (ur Power-Up Bool ot Push-Button Boot of evice | SWR
Booted from APP 3 nostic | Unit | Address* [ 2] 3 4 5 & 7 B L 111 | Codea
TUI5 ROM 1 N o | 17amm | orF |+ |orF |oFF JoFF {orr | orF |oFr fon | orr | Na
TUla RO Y15 il ARG OFF t | (WE | OFF (OFF | OFF | OFF CHFF. | O N alz
TULG HEIM 2 MY (] [ 73204 CIFF + OFF O OFF | OFEF | OFF | OFF | O HEE | WA
TULG HOM 2 YES [ 1732006 OFF T O 0FF DO (b | OBF | OFF [ OFF [ 4 B Y 113
TUI G Kiiw 3 ML) [ RS E! OFF T O OIM OFF [ FE | OOFF | (OFF [ OFF | €M {MF | kA
TRIT L Kl 3 YEY ] 1775400 KW T | O OFF [OFF | (EE | OFF [ OFF ] Ok LI 412
TG ROIM 4 ML) [ 173001 ] o L I ) ]y OFF | (WFF | QOFF 1 0OFF [ 0™ CHE | MA
TL1 & ROM 4 YES 0 17 3a06 OFF | = | ON O QOFF | OWF | QFF | OFF 0N O 2

*The startung sddress foe the: console load address and start asquence,
t81-2: when UM, power-up boo? is cnabled: when OFF. power-up Door dabled. {use be OFF for PDP-11/00, See POF-1 1060 documencation Yor power-up boot, )

If digzrpastios 2o to be run, a CPU diagnostic BOM must
bes i lpcabion E20, and jumper WH most he out.

NOTES

When hactivge Mo the console emulatar, a device
mmemanic Al unif number are required, I imit nomber

1% ot entered, it i< assumed to e rera, Listed helow are

the device mmemanic and unit numhbers supported by this

ROM, and the device C5H address assmmed by the hoot

code.

Device
TU1&

Muoeoowniv

MIn

Tt

0-7

CER
FTIa40



Tahle C-7 ROM P/N 2373849
Device do e [ ROM Locatian | [hog- Starting Switch Scttinas 51 - For Power-Up Bool or Push-Button Besl of Deyice | SWR
Buuiled from App B NoETic Linit | Address® t 2 3 4 5 £ 7 & E" 10 | Code
TUID TER3 R | MCH o [ 7300011 OFF t | OFF | OFF [OFF [ €FF | OFF | OFF | ON OFF | WA
TLIO TS03 B 1 ¥L5 0 173005 OFF |t OFF | OFF OFF [ OFF [ OFF | OFF [ (% [ m:z
TUL TsIEs Bl 2 M} 0 P/3204 OFF |1 [ OFF | DX OFF | OFF | OFF | OFF | (3N OFF | %A
TG TS03 Hixt 2 YE4 I | 73204 OrT 1| OFF | ON DFF | OFF | OFF | FF | {¥ 1y PR
TG T302 ReI 3 L) i 173404 Orrt (1 | OM O (O | OFF | OFF | OFF § ON OFE | SA
TG TSA3 FOM 3 ¥FS {I- | 734006 UFF [ | ON OFF (OFF | OI'T | QI | OFF § ON M 4112
TUER T303 EOM 4 kO d 173604 ] o O I O (3N OFF | OTT | TT | OFF | O OFF | MA
Tl TS5 RO 4 Y B3 0 1736000 OFF |+ | ON LR OFF | OFT | QI'T | OrT | ON O Bl

FIbe darting addres For the congole gl adidress aml sl seyuencs.
FR1-7: when ON, posar-ap bonl iy el e wlen JIRF, powes.ap boot disahled . (Mt ie OFF Tor FOP-1 160G See FDP-1 10680 docnmantacion for powsr-up baal,)

XNOTES
If diagnostios sre Lo be con, 9 CPFU disgnostic ROM mus)

be in lecation E20, und prenper WS must be out,

When Troofing from e corsole emmlator, a device
msemenic and unic namber are required, I unit number

is et enfeped, it iz pesumed tie be zero. Listed helow are

the device mnemanic and unit ewmbers supported by this

ROM, and the device R address pssemed by the boot

o e,
Deyvime
TULa TSI

Mpemanis
MT

Lingt
-7

C5R

7181
FrAall

C-



Tuble 5 ROM TN 23.75949

Device (o be | ROM Lacation | Diag- Starting Switrh Seltings 51 = lur Puwet-Up Boot or Push-Rurfon Boot of Device | SWR
Booted from App I nnstic | Unit | Address® [ 1 2% 3 PR f 7 3 0 10 | Code
B34 ROIM 1 Mt ] [ 7500 Orr :I T | OFF | OFF | {OFF | OFF [OFF | OFF | ON O |MA
R503/04 REim 1 ¥L& | L7 53008 OIF | + | OFF | OFF | OFF | OFF |OFF OFF [ O | ON aLz
E5030:04 Riosf 2 1) il | 73200 O’ T 1 Orr | OM OFF | OFF [OFF | OOFF 1 O~ O | MA
R30304 ROM 2 YES q ETAMM OFF | | OFF | ON OFF | OFF |OFF | QFKF 1 (™, £IM 22
R503:04 ROM 3 MO 0 [ 73404 OFF |+ | O {3l | OFF | OFF |OFF | OFF | O | Q3FF | NA
RS03: 04 ROM 3 YES a [ 73406 OFF | + | (N {}F | OFF | QFF |OQFT J OFF [ ON | N 432
1 B
BAN304 ROM 4 MO 1] 173604 OFF | 1+ | ON Ly OFF | OFF (OFT | OFF | ON | OFF | NA
RAN3/04 Rl 4 ¥[8 ] L7 3604 OFF | + | ON (M OFF | LFF i' OFF | OFF | ON i N alz

*The starting address for the coosele [oad address vod start sequence,
t51-2: whon ON. power-up hoat (s coabled; when OFF. powee-up boob disublet. (Wast be OFF Tor FOPD1 S0, See FOP-1 1080 docomentaclon fos power-up bioet.)

MIYI'ES
I¥ diapwostics are to be run, a2 CPU diaenostic ROM mwst
be in location E21), and jumper W8 musl be oul.

When booling Irom the console emuleror, o device

mnmenionic wad vt number ore requirad. IF unil namber
w e b enlered, i is assumed fa he 2ero, Listed below are

the device macmonic and unit nombers supported by this

ROM, and e device CSR address assumed by the bont
codde,

Deeive
k50304

Muaemonic

JRE

Linje

-7

CER
TTRH)

c-o



Tahle 4 RO PN 23-TANAY

Devier to be | KOM Location | 1Mag- Starting Switch settinas 51 —tnr Fower-Lip Bont ar Push-BEuttare Hoot of Device SWR
Desendezd from App B st Unit | Addross? t 2 3 4 £ & 7 g 9 10 | Code
YA BOM 1 i ] 1 73004 CIFF T [wE | FF | OFF | OFF | OOFF | OFF | ON OFF T RA
A RoOAM 1 YTE 0 00 ; OFT v [QEF | OFF | OFF | QFF : OFF | (FF 3 0N |1 n?
PC0O5 EOA 2 W B E 173204 ; orT it Ort [ OM OTF | O .. OFT ¢ OTF | ON O | WA
PCO5 RO 2 YES B] 173206 | OIT T | QFF | OM oI’ | OFT | O | Ot | OM oM e
PTG ROk 3 M 0 173404 OFF | + |ON FF | OFF | OFF | OFF | OFT | ON FF | NA
R ) RO 3 YES B 173406 OFF | < | N iFF | OFF ] OFF | OFF | OFF | ON CHd 412
PCGS Piibg 4 MO o 173604 QFF | = |ON M . OFF | OFF | OFF | QOFT | QN OFF | MA
P05 RO 4 YE5 H 173600 OrE | = | ON _ M ¢ OFF | OFF | OFF | OFF | ON IE'DH nl2
Loy SPD RO RO | N 1 173034 orr | ¢ | o'l [ O | OFT | OFF | ON (kY oN OFF + HA
LG 5P BDIX ROM | YES 0 173038 Orr | + (O OI'T | OFF | OFC | O oN oN N 042
L SIFDYRDER ROM 2 NG ] 173234 OFF o | OFF | QN OFT | OFF ! AL DM i O QOFF | NA
Lo 5D RDE RN 2 Y& il 173230 _ CHE | 1 |[OWFF | ON OFF | OFF ¢ N O (2™ LY 242
Lo AFD REDE Ry 3 Y (] 173434 ' {IFF T | OFF [ EIFF | OEF [ OM 1M (N OFT | WA
LY ®P1) BEDE R{IW 3 YES [l 173430 E CFF T O GEE | QFF )} OFF | OM (M {3 [ 2
LI SFIx KI2R R{ 4 L0 [ 173634 | OFF T | O LN QOFF [ QFF | ON M M {WF | %A
LLY SFIY KR RO 4 YEE 0 173030 (OFF T | O 1] DFF | QFF | ON QM M i et 2

*The stacling address for the console load addiess and st sayuensgs,
X120 when UMM, power-up boot is cnazbled: when OFF, powes-up aoor Sisablsd. (Mus? be OFL tor PDP-1 160, Sae PDP-11 60 documentacion tar pasar-up baest

¥ dinpeesstivs sre o be can, @ CPU disgnostic ROM must
e it Jecadipn E20, woud jumnper WE must be out.

NOTLS

When ooiing from (he console eculalor, o device
mngmanic and nnit aumber ace ceqaced, IT wmt aumnber

iz et entered, it iz assumead o be e, Listed below are

the device mnemanic and unit numbers supported by this

ROM. and e device CSE address assemed by the oot

cade,
Dietce

HI 5P RIIE
Lo ETD RDI

Maemonmic

PR
1T

Unit

;A
NiA

C5R

111
A

C-10



Tubeks C-10 KOM PN 25761 AY

Device to e | ROM Location | Diag- Slarnng Swilcl Settlngs 51~ For Power-Op Bool or Pusli-Bulion Bool of Devier | SWER
Borrbel from App B mskic Lnit { Address® 1 R EE 4 5 & 7 & 3 10 | Code
TUead RN M} i} 175(HM OFF | T | OFF | OFF  OFF | QFF | OFF | OFF | ON Ol | Na
T ek R 1 Y& it [ 7308 {1} T | €IFF [4¥F | OFF | OFF | QFF | OFF | ON ON olz
TORA KO 2 M) i [ 3243 OFF = | OFF | {3 OFF | QFF [ QFF | OFF | O OFF | NA
TLIRC Hiiw 2 YN ¢l 1732000 {HHF = | OIHF [ {IM OFF | QFF | QOFF | OFF | O o 212
TURN KM 3 W3 i 173414 OFF [ = | 0N QFF | OFF . OFF | OFF | OFF { ON | OFF | Na
TN RO 3 ¥ER ] 734043 OFF % | ON OFF | OFF | OFF | OFF | OFF | ON § OX 412
TLal RO 4 NO 0 173604 OFF ¢+ | N N QT | OFF | OFF | OFF | ON OIFF | NA
TDal EoM 4 YE& 0 173604 JFF | * |. OX ON | GI'T | OFF | OTT | QT | ON ON Gl

*The stading address for the cousale load address and zra L sequence.
1 51-2: whin OM, powrer-wp Boot is cmahled;, when OFF, power-as beaot disabled, Mol e OFF Tor PLE-1180, See PTFP-11760 docenssncariod Dor ceswer-up oot

MOTES
I dingnastics aee to e vum,a CPL diapenstic ROM muose
Tee in lacation H20, ond jumpec WHE moast e out,

When Traating feam he cansale emmlatar, 3 devics

nmamanic and unit nember are reguited, I onit nuniber
is not entered, it iz azsumed to be Perd, Listed below are

the device mmemanic and unit numbers supported by fhis

EOM, and the device (CSR address assumead hy the hoot

el

Device
TU&D

Muemuonio

T

Lwil
-1

CSR
11550



Table C-11 RODM '/ 811A9
Device to he | ROM Location | Diag- Starting Switeh Setfings 51 -for Power-Up Beot or Pugh-Button Boof of Device | SWR
Boated rum App B nowtic Urit | Address* | z 3 4 5 ] 7 & 9 10 Cole
EX02 ROM 1 M) (h 1730KM4 OFF | T | OFF | OFF | OFF | OFF | OFF | OFF | OM COFF | NA
RXQ? ROM | Y5 Lk 1 THMM OFF | ¥ | OFF | QFF | OFF | OFF | OFF | OFF |ONM ON 012
RXa2 ROM 2 18 i 172304 OFF | ¥ |OFF | ON QJFF | OQFF | OFF |OFF |ON | OFF | KA
RXQ2 RO 2 Y ES (] [ 73206 OFF | ¥ |QFF | ON QJFF | OFF { OFF [OFF (ON | ON a2
EX0z RO 2 MO 0 173404 QFF { + |ON OFF | OFF | OFTF | OFF |QFF JON | OFF | Na
KX ROM 2 YES | 173404 OFF | 1 ] ON OFF | OFF | OQFF | OFF | OFF JON | OM 417
EX02 ROM 4 NO Q 173604 OFT 1 {ON | ON OFF | OFF | OFF | QFF [ON OFF | MA
RX02 ECM 4 YES 0 173604 OFF | + |ON O (E | (WK | OFF | OFF | 0N M al2

*The sturtiog addreas for the conacls load sddreas and stare sequonc:.
+51-2; when O, power-up boot iz enabled: when OFF, powara)s huoot disalled. (Musi be OFF Tuc FTIT.§ 160, Ses TOP-]1 1060 Joucumentation for power-up boot.}

NOTE
TE diagnustics are o be run, 8 CPU dizgnostic ROM must
b it loeation E20, and jumper Wi must be oni,

When booting from the consele emubator, a device

mnemonic and unit number are reguired . TF uril aumber
is nof enterad, 1t s assmmed 1o be 2eco, Listed below ure

the device mnemonic and unit nmmbets supported by his

ROM, and the device U8R pddress assomed by the baot

codde.
Dy

RXO2

(13

Muremonic

Unit

-1

CSE
7T

L



Table C-12 ROM P'N 23-Te4AS

Device {n be ROM Location Miag- SEArrng Ewitch Sertings 51-for Power-Up Boot or Posh-Botton Baat of Device sWRE
Booted from App B nostle | Undr | Address® 1 {2 3 4 [ [ T ) 9 | 10 Code
ROM L NO 0 | E73004 OFF | ¥+ | OFF |OFF | OFF | OFF | OFF | OFF | ON | OFF | NA
T=04 RO L YES a | 173006 OFF | + | OFF |OFF | OFF [ OFF |OFF |OFF | ON | ON | Q12
T304 ROM 2 NG o g 173204 OFTF [ = | OFF {ON OFF | OFF |OFF |OFF | ON §| OFT | NA
T3 ROM 2 YES o] 173206 O [ 7 | OFF | ON OFF | OFF |OFF (OFF] ON | ON | 212
TS04 ROM 3 XD ] 173404 OFF [+ [ O JOFF | OF | OFF |OFT (OFF | ON | OFF | NA
TE04 ROM 3 YLR o p 173404 OFF | ¥ | ON JOFF | OFF | OFF { OFT | OFF | ON oM | 412
T804 ROM 4 N { 173604 OrF{t+ [ON JON | ©OFF | OFF | OFF | OFF | ON OFF | Na
T304 ROM 4 YES { 17304k OFF |t ( ON JON | OFF | OFF | OFF | QFF | ON On 6172

* The ararding addresz for e consele load addreez and stard scqnener.
T51-2;when OM, power-up boot is coabled; when OFF, power-up boot dizabied. (Must be OFF for PDE-]1 1760, See PDP-1 )83 docomencation for pawer-up koot )

NOTE
If diaghostics are to be ron, 3 CPU diagnostic ROM st
e in Toenation H20, and juniper WE must e out.

When bnoting from the consnle emulataor, a device
mnemanic and unit number are required. If unit number
& ot entered, it is assmmed to be zera, Listed helow are
the device mnemamic and anit numbers supported by this
ROM, and the device TSR address assumed hy the boot

ooda.
Bevice Mnenvonic
T M5

Wik

0 3

CSE

TTZF20

C-13



Tahic C-13 ROM P/N 23-T65A9

Device (o be EOM Location I¥ag- Starting Switch Seilings 31-(or Power-Up Bool or Push-Button Bool of Device SWR
Booted from App B mastde | Unit | Address™® I 3 L] 3 6 T 3 @110 Code
TLSH ROM | NGO 0 173004 OFF |+ | OFF | QFF | QFF |QFF JQFF [OFF | O {OFF | NA
TUs# RiOM | YES N 173000 OFF | T | OFF | OFF | OFF |QFF JUFF |OFF | ON ON | Ol2
T3 Bk 2 M [ 73204 OFF | T OFF | (M O [OFF JOFF | OFF | ON OFF | MA
TU3E ROM 2 YES [ 17324k OFF |t | OFF [ON (K |OFF [ OFF |OFF | ON N 212
TUSE ROM 3 ND 0 ] Ll73404 OFF | T [ ON OFF | OFF |OFF | OFF |OFF | ON OFF | MNA
TUSE ROM 3 YLS 0 ) 173408 OrT |+ | ON OFF | OFF [OFF |OFF |OFF | ON ON 412
TUAK RO 4 WO b 173604 OFF |+ | ON OoN | OFF |OFF |OFF |OFF | ON OFF | NA
TLSE R 4 YiES 0 | 173606 OFF |3 | ON OoN | OFT |OTFF |OFF |OFF | 0N oM 612

“The stirtimg, adolress for The sunsole il address amd start seguence.

151-2: whew O, power-up ol és egablal; when OFF, cower-wp boot disabled. (Must b2 OFF for POP-11760, See FOP-1 3780 dogumentation for poserup bosot ]

NOTE
If diagnoatics arc to be run, a CPU digmaoatic ROM must
he in lncation E20, and jumper WA muost be out.

When laoting from the comenle emulator, a device
mnenonic ol mnif nomber gre requireg, I wnit nember
18 not entered, B is assumed (o Be mero, Listed below ave

e device femvoiic ool wal pmnbes supporied by this
EOM, und 1he devlice CSR address asswmed by e bout

cunele,
Deewive Miseinomae
TO58 I

Unit
-1

CSR

TTh5MN}

C-14



APPENDIX I}
M9312 FASTON TAB CONNECTIONS

D.0 INTRODUCTION

The M9312 Faston rabs are defined in Table D-1. One of the frequent applications of the MY9312 isto

replace the M9301. Table D-2 provides the necessary information needed 1o make the appropriace
substilutions with respect we the Faston tabs.

Table -1 Faston Tab Description

Fagton Tah Tunction Performed

T Boot input

T2 Beturn for boot wpus

T3 Return for enable boot o poser-up
4 Ewable bowl on power-up

TaMe IN-2  Faston Tab Substimelon

Wire Conoection

From Tu _ _
M odule Faston Tub Mudule Fiton Tab
MO0 TF1 k932 TP4
% XN TF2 b3 2 TFI
b3 TF] bi93]2 TP2

13-1






k-1

CRONE REFERENCE TAERLES

APPEMDIX E

CROSS REFERENCE AND IDENTIFICATION TABLES

Pable E-I provides a guide used o identidy o particular ROM hy part numhber. Table k-2 is 3 crass
reference tahle which identifies cach device with @15 corres ponding cuntrodber.

Table E-1  Cross Reference KO PN (o ROM Table Nomber

Part
Mumber SBee
- Function Performed by BOM Table
233FL Miagnastis for 11760,/7 RO 1[2=R0 E-1
248t ASRCH Congole and 1Yiagnostic Far F-2

110405034 /3540745050555 ROM 1LI=4A0

The Jullowing BOMS are Baalslrap ROMy

Bootable Devices
First Dhevice Second e ice

Mnemanic | In ROM Mnemonic | im ROM
TalAD DL RLO| WA NA -1
TA2A0 DM RED&, 07 NA MA (-2
T51A0 DX RX0OL NA NA (-3
sliAY DY RX02 NA MNA -11
T55A9 DF RPO2 0 Db KR 5 6 RMOZS3 -3
T56AS DR RKO305 DT TL 55,56 (-5
T57AY Rl el TULSG/EIS TMO2/3 MNA NA -6
TARAL M1 TS THE NA MNA -7
TA0AT 135 KR g MA KA -8
ThHi AL PR P05 IT [OSPD RDR s
ThlAY o TLIA) NA KA C-10
Thdaw Ms Tsd MA NMA L-12
TheEAaY P TLIRR N N -3

E-1



Tahle E-2

Crogs Reference Levice o Controller

1derice Confroller

AR RL11

RK6 /07 REA&L]

RN RX11

B2 RX21

RPO2 03 RFINC/E
RLPO4/D5 /06 RMO2/03 RHI11/70

RE03 /05 EKIIC;D
TS5 f56 TCi1
TUle/E L6 Th02 M3 RHI1/70
TUILQ/EID TS03 THI1I/ALL/BILI
RE03 04 RH11 1]
PCOS{HI SFD RDIR) PCHRIN
LOSPIDRDRE (ASR3N DL11A/W
Tl Tan

TS T8Il

TUI5E Serin] Line Unit

E.2 EROM IDENTIFICATIOM

When Lhe ROM contiguration of an M9112 already installed in u syslem is nol knowi. it is desicable 1o
identify the ROM configuration withaut removing the modole. This can be accomplished by running
diagnostic C¥MYR, ot by examining the duolu in Gve specific locations and vsing Table E-3 to identily
the EOM, The locations are ws Tollows:

[. TAEST74 Diagnestic ROM
2. TTI3000 RO
3. TN RxM 2
4. TTI400 RO 3
5. 7T RO 4

By corparing the data obscrved at the ahove locutions with Table E-3 you <an identify the type and
lacation of each ROM in the madule.

E-2



Tabe E-3 ROM BdentiBcadon

O'ctul P/N D
dala Mhnemonic i} Table
IETEY] Al HEFI F-2
Lk 10060 Rk 233F F-1
41524 T H1AD C-10
42113 | TH1AD C-1a
MdIE13 DE TH0AD -5
naxing DL TH1A9 -1

(0T W D TH1AQ -2
042120 DF THiAD -4
ndr 123 0Ds TiOAY C-E
02130 Dx TiiAN -3
nd213l Dy Hl1lAald -l
04h5]1% M2 TiR1AN -
6524 MT TaHAY -7
36122 PB TOAN -4
1777760 This is o Continuation ROM of a Multiple-ROM Boot
XX XIT? Fad ROM or Mo RO Present

Moi2s TS0 T AL -12
O 104 TII5E THSAY C-13

E-3






APPENDIX F
DIAGNOSTIC AND CONSOLE EMULATOR ROMS

F.1 DIAGNOSTIC ROM (P/N 23-233F 1}

There are no special M9312 switch settings that pertain to this ROM. The only way these diagnostics
can be exccuted is by entering a bootstrap at the entry point which calls for diagnostics to he run, This
EOM gllows the user to boot via the cansele switeh register, This can be dong as follows;

Load Address TH5744,

1.
2. Sot awitch register avcording to Table F-1
3. Start.

Table F-1 Console Switcli Begister Seffings [or Diagnostic ROM

18 114 |13 |12 |11 [ 1009 |08 [O7| 06|05 | 04 | 03 J02 | 01 | D
NA | NA | NA[MNA

Octal Lnit SWR Code trom Boot ROM Tahles
Mumbec

F.2 CONSOLE EMULATOR AND DIAGNOSTTC ROM (/N 25-248F1)

This EOM contains an ASCII console emuplator rolitine and diagnostics for use wich PDP-11/7M4,
A5, 1134, 11735, 11 /40, 11745, 11/50, 11755 To enter the ASCI conaale via power-up boot or
pushbutton boat, the M9312 switches must be get according to Table F-Z.



Table F-?  Switch Settings for ASCI Console and Diagnestic ROM

Foaction (o be RO Diiag- Starting 81 Switch Settings far Power-Up Hont ar Push-Button Boot
Booled Lovativn | nostic Address* 1 2 3 4 5 & 7 B o 111
Console Enuilator E24 NG 165144 ON | + | OFF |OFF |ON | ON |OFF [ OFF JON | OFF
Console Emularor E20 YES Las020 CH 1 | OFF | QFF | QFF | (3FE | ON OFt | OFF | OFT

*The starting address Tor the comsole load addrass and staft ssquenu.

1512 Whew OM, power-up bool is enmahled; when QFF, poweraap boot i dizahled.
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Your codiments aod suppestions will help us b owr contideoss ¢ffort ro inprore the quality and usefoiness #f our
poblications.

Whut is your general reaction te this manouwal? In your judgment is it complete, acourate, well organized, well
wrilkerl, alc.? 15 it susy Ly use?

What features are most wzetul?

What faults or errors have you found in the manual?

Doexs 1his moanuzl salisTy the need you lthink i was intended to setisly?

Doca it satisfy rour needs! WhyT

0O Pleuss send me the current capy of the Techrical Documrendaiion Catalog. which contains information on
the remuinder of DIGITAL s 1echnical documentaton.
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