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ABSTRÀCT

A PDP-11 Asse.nbler a,nd. Load-er ls wrltten ln IB-í Sysben/36)

Assenbler Language" Vfhen llnlred to a FDP-11 machlne-cod.e lnter-

preter, thls effectlvely becomes a sinulatlon of Digltal Equlp-

ment Corporatlonrs PDP-11 coioputer" Ls such, 1ts purpose 1s to

be a teaching ald. for coreputer science students.
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TNTRODUCTTON

At mos'r, unlversities today, conputer sclence ls becomlng a

naJor fie1d. of stud-y" Asid-e from the mere prograFnin.q aspects,

stud-ents of computer sclence ere taught the stru.cture and oper-

atlon of computers, the principles that underlle their d.esign,

and lmportant applicatlons of cornputers to soclety"

To a lesser extent are students actually exposed. to varlous

computer hanh.rares and architectures. There are obvlous con-

stralnts on these educ¿¿lcnal obJectives. Curuiculums d.epend.

heavlly upon ihe coi:tputer services available aL the particular
lnstltutlon. Due to the large capltal lnvestnent lnvolved-,

universltles rarely possess lnore tha-n one le.rge-sca1e cornputer

systea. Unlverslty cornpu-r,1ng centres seek f inancial support f rom

the buslness comnunlty and local governnent. The lnterests of

the faculty nenbers d.eternlne areas of speciall zacLor.r a-ïld- thus

affeet research grants. Rapld technlca.l grouth tends to rnalce

equipnent obsolete v¡ithin a few years. In the end, it becomes an

adnlnlstrative decislon as to r¡hat parLlcular computer systen 1s

lnstalled ô

It 1s not a d-esirable praciice to restric',, Conputer Sctence

stud.ents to one particular conputer, l¡rnaterlal of the nanufae-

turer. It 1s more approprlate for Conputer Sclence d.epariments to

provið-e an envlron¡nent rvhere siud.ents can be exposed to a number

of d.lfferent eomputer hardv¡aresr each one representlng dlff erent

characberistlc coitcepts of conputer hard.ware deslgn. In thls hray,

a stuôent ls not llnited or infl-uencecl by one speciflc ha.rdr.rare;



rather, he f.s tralned- to make comparlsons and evaluations of

varlous desi8os, and thus ls better equlpped to malce d.ecislons

whlch na.y be part of hls future responslbillty,
Slmulatlon 1s a means of provldlng extra cornputlng faelütles

whleh could. not otherv¡ise be afford.ed.. Slnce purchase of add.l-

tlonal machlnes for strlctly ed-ucatlonal purposes 1s economlcally

out of the questlon, unlversltles have successfully slnulated both

real and hypothetlcal computers. For example, SPEUTRE from the

Unlverslty of Waterloo and PRISI¡I from Llassachusetts Instltute of

Technology are hypothetlcal computers. Real machlnes cu.rrently

belng slroulated. at the Unlverslty of }la:eltoba are the UIüIVAC-1108,

the CDC-66OO, on-llne SPEÛTRET âÐd nor'¡ the PDP-I1,

The PDP-11 lllustrates the ad-vanced. state of the art of

computlng today. å.lthough classes as a rmtnl-conputêpr, lt ha.s

several powerful features not available on rnany larger machlnes.

Llke the Buruo.ughs SOOO/íOOOftOOO serles, the PDP-11 has hardware

stack processlng whlch allor+s automatlc subroutlne nestlng and.

lnterrupt hand-ling, and dynamlc list st,ructures for pro8rajn data.

The PDP-11 has a wlde range of ad-d.resslng "*nrúrtrtles -- 1lst
eequential ad.d-resslng, full- ad.dress lndexingr stack addresslng,

anð dlrect add.resslng of all core meniory r,¡hich lend. a unlque

generallty to tts lnstructlon repertolre. Instructlons have a

varia,ble length fomat, d.epend.lng upon whlch of the elght posslble

ad.d.resslng mod.es 1s speclfled.. Àny nemory locatlon can act as an

acctr¡oulator, thus elininatinE neeC.less t load.r and. I store I lnstruc-
tlons. It also includes a fuLl set of instruciions for character

manlpulation" Further, there 1s no all-ponerfull operating system
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whlch controls the conputerrs supervlsory functlons. Thus,

through the slmulator, e programner nay creatq hls own servicing
routlnes to hand-le he.rd.ware lnterrupts, to control input and out-

Pütr and to pro8ran perlpherals. In other words, stud-ents w111

be able to develop operatlng systens on the simulated. machlne.

Consequently, the PÐP-11 slnulator r¡111 becone a valuable

teachln8 ald.. Sùudents will be exposed. to nev¡ hard,t¡are anCL soft-
ware features whlch provlde an lnterestlng contrast wtth the

famlIlar eoncepts of non-stack conputers. The PDP-11 'slnulator

nay also be used by progranmers l¡ho want to prod-uce real PDP-11

progra.üs to be run later on a real PDP-11 computer. /\11 the

d.ebugglng can be d.one on the slnulator, thus speed.lng up program

d-evelopment.

The followlng d.ocumentatlon 1s dlrected to read.ers who have

some und.erstand.lng of computers and- computer softv¡âr€o The Table

of contents provldes a general outllne of each maJor sectlon.

The PDP-11 ¡\ssenbler use4's Guld.e 1s written for n"o=***"r"
who are unfamillar rvlth the PDP-11 conputer. rt contalns a

Seneral d.lscussion of the harrd.!¡are structure, d-etailed d.escrip-

tlons of the lnstructlon set and programmlng technlques, and an

explanation of the assenbly process, Þca:pples and- prograna 1lstlngs
are presented-. Several useful Append-lces are also lncluded"

I'{lth its Ta.bre of contents, the userrs Gutde ts a useful refer-
ence text"

The PÐP-11 Asseûbler Loglc Ì'ÍanuaI descrlbes how the actual
slnulation 1s deslgneCr ârrd. ln partlcular, hor,.r the Assenbler

ltself 1s organized.. Gertain maintenance problens are d-lscussed.,
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and several suggestlons are roade for mod.ifylng or creatlng

asse¡tbler f eatureg "

The concluslon d.lscusses Èhe role of the sl¡nulated. PDP-11

systero, and polnts out some lmprovenents whlch could be mad.e,
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SEETÏON A GEr\ÐËÀL I ITF OR.ÍAT I 0N

TltE PDP- 1 1 ASSE"IEI,ER PROGBÀI'Í

'' Conputer progra'ns may be expresseC. in nachine languâE€¡

uslng numerlc cod.es. dlrectly interpreted by the conputer, or 1n

synbollc languager uslng letters, nunbers¡ ând. symbols meanlngful

to a progralnmer. å. symbollc language, however, be trafrs-

lated lnto nachlne language before the conputer can execute the

progra.io. Thls ls the fu.nctlon of an essenbler"

P¿,L-11R (Progran 4ssenbly Language for the PDP-11, Reloca-

Èab1e verslon) ts ttre syrabollc langage deslgned by ÐlgltaI
Equlpment Corpor¿tlon for the PDP-11 "o*put"*l The PDP-1i

Assenbler, then, translates PÀI¿l 1 source statenents lnto
PDP-11 machlne cod.eo

Hov¡ever, PAL-1lR 1s not a corrventlonal assembly language,

Ðue to the hanàr¡¡are f eatures of the PDP-11 eomputer, the assenbly

process 1s not a slmple Ilne-by-ltne trarlslatiqn of source state..

nents. Processlng lnvolves the d.eteetlon and. ldentlflcation of

addressing mod.es, the generailon of lnd-ex wores, the asslgnment

of storage locatlons to instructions, lnd-ex wortls and progran

d.ata, the perfortnance of auxillary functlons requested. by the

pro8rãniner, and. the 1oad.lng of the nachlne cod.e lnto maln stor¿gs"

Further, the assenbler furnishes a prlnted llsting of the source

statenents a¡rô the maehlne cod.e, wlth acld1Ètona1 lnformatlon such

as syrnbol tables, error dia8nostlcs, and. assarbly para,neters.
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SN,ÎULATÐ PDF- 1 1 SYSTE,I

The processlng of any glven PÀL-1 1R prograir lnvolves three
phases occurring at d.lstlnct tines ln the follov¡lng sequences

.A.ssernbly: At asserbly tlmer a P¡trL-11R source prograr is
read and. translated- lnto PDP-1 1 machlne language by the Assenbler.

2. Load-lng¡ At load tlne, the nachlne language lnstructions
are placed. lnto the PDP-1 1 core nemory

3. Execution¡ ¿.t executlon tlme, the pDP- î 1 rnÈerpreter

autonatleally ld-ent1f1es and caruies out the nachlne lnstructtons.
A srnall superøisory prograia cal1eC a monltor Lnltla'ues these

proced.ures, thus fonning a systen able to balch-process pAT,-11R

source progra.[ls.

This softv¡are eonstltutes a slmulator of a. pDp-11 systen.

That ls, although the Universlty of }Ía,nltoba does not possess arÌ

aetual PDP-11 computer, uy Leans of thls software, the ïH.Í sys|en/

360 t'iodel 65 appears ln structure, ln capablllty, and. ln operatlon
to be a PDP-I1. (xote the,t e;ry PDP-11 program nay become part of
the operatlng systen under thls slmulatlgn.) /

fnterested readers are d.lrected. to the Asseärb1er Loglc

I,Ianual for speelfic techniques u.sedr ln the sinulatlon. Tkrroughout

thls Userrs Guld.e¡ rto d-istlnctions w111 be rnade betr¡¡een the

slnulation and. 'r,he actual PDP-11 computer.

HÀMïTÀRE FLAÎURES2

CORE I4EIIORY

À nenory location is an 8-bit inforaration unit calleC. a byte.
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The normal processing unltr calIed. a v¡ord-, 1s 16 blts long¡ ând.

consists of tr.¡o consecutive bytes.

. PDP-11 l"fORD

Byte locatlons ln core menory are nurobered. congecutively using

oeta.l notation starllng r.¡lth OOOOOO. .â. l¡orcl in storage ls
aligned. on an even byte bound.ary, and. 1s addressed. by lts 1ov¡-

ord.er byte. The PDP-II processor can d.lrectly access up to 32'768

words or 65'536 bytes" The ma,xlmum eore rnenory glze Ls 32Ii uords,

bUt any ind.lvidual user ma.y request the systen to consld.er less

core for rur¡elng hls Job" (tnts ls lndlcated on the #,foe card.

as d.lseussed ln Section E. )

GTI{ERÀL F-EGTSTERS

The PDP-11 conta.lns eighi, 16-bit registers, usually ref erued

to as RO, Rl , FtZ, o.c W" Each reSlster may be used. as an arith-
metlc accuraulalot, es a polnter to a nesory location, or aê an

lndex reglster. The seventh reglster, R7, ls used. by the pro-

cessor es the progran counter (fC) reglster. The PC contalns

the adcress of the next instructión to be executed.. Register R6

1s knorvn as the proeessor stack polnter (Sp), and is used. au'r,o-

matically in PDP-1 1 processor stack operatlons.

s Î¿.c K_JP_.]RO0 ES S r ¡l q

A stack 1s a dynairrically lncreasln{decreaslng sequentlal

llst of d.ata which 1s malntalneC by a stack pointer (a register)
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whteh at any time polnts to the beginnlng of the list' Such a

stack 1s often calleC. a tpush-downt stack or a Lasi-In-First-Out

(r,fro) 11st. The f ollovrlng terminolo6y 1s used-¡

1. The ttop of the sta.ckt ls the beginnln,S of the list.
2" A tstack polntert alviays contalns the ad.dress whleh ls

the cur¡'ent top of the staek. The stack is controll-ed by rnanlp-

ulatlng this polnter" The polnter is located ln a reglster --
the processor staek pointer is R6 -- although a user may select

any register as a stack polnter for a user-deflned- gtack.

3. The þrocessor stackr ls used by the systen ln conJunctlon

,r¡ith subroutlne caIIs and" lnterrupts. The processor stack may

also be used. by a user. The user and the processor tti1l take

conirol of the stack at dlfferent times, thus avoldlng any

posslble conflict "

4. To rpush-d.ounr the staclc means to enter data at the top

of the stack.

sP--> k

1r
SP+

sP-->

an

+k k

empty stack
( SP )=n+k
k=l for byte
k=2 for worci

push-dovn X
( sl )=n

push-d-otrm Y
( sP)=n-k

A tpush-downr j-nvolves s'bepping the staclc pointer to the next

Iol¡er aeixory lqord- (or byte), ¿nd physically enterlng a data

word (¡yte) at that ad.d.ress. this address beeones the net'r iop

of the stack.

11
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5. To tpop-upt

top of the stack.

sP->

XandY
on the stack

( sr )=n-t<

the stack meang to !'erflove an entry fron the

k

k

1-
sP ->

pop-up X
( sP ) =n+t

+k sP-+

pop-up Y
( sp )=t

A tpop-upt lnvolves recoverlng the data polnted to by the stack

polnter and lncreaslng the stack polnter to the next hlgher r+ord-

or byte. Thls ad-d.ress becomes the nert¡ top of the stack. Ðata ls
not physlcally eraseC.; only the contents of the stack pointer are

changed,.

SUBROUTTNE NESÎING

Subroutlne nesting to any depth is easlly accompllshed. by

uslng the stack mechanlsn. "ê. user-d.efined. stack n¿y be generated.

as an ergument. llst. The special instructions JSR (Junp to Sub-

Routlne) and RTS (Reiurn fron Subroutlne) effectively reserve

and. restore reglsters for use as staclc pointers both for passing

arguroents and for d.etennlnlng the subroutlne return address.

These lnstructions at'e explalnecl .ln Sectlon D.

CtrT{TR4L PROCESSOR STATUS R.EGÏSTÐR

The central processor status regisier, denoted PS, indlca,tes

status of a progran before the curuent instructlon is executed..

PS 1s a reserved word. ln core menory with the follovtlng fonnat:

the

The

X

12



RTOPJTY

Central Processor Status Reglster

Processor Prlorlty:. The current priority of the processor cair be

eet by a programrner tO any one of elght leveIs. Thls priorltyt

lnd.lcated. by blts 5; 6 and T of the PS, is used by the hardware

lnterrupt systero ln d.etermlnlng whether external devlce lnterrupts

Baln control of the processor"

T-Bit: Thls ls the Lna.ce b1t whlch ls useful for progran

debugging. If the T-blt 1s set, a proErait lnterrupt occurs after

the executlon of the current lnstructlon using the lnterrupt

vector at locatlon 14 (octal). Normally an lnsta11atlon servlce

routlne w111 prlnt out useful lnfor¡natlon about the programrs

status¡ although the user ts f ree to r¡¡rite hls olln trace-handllng

rout ine.

Gonclltion Cod.es: These four bits provld-e lnfonnation about tl:e

result of the previous operation. The blts are set after the

executlon of every lnstruction as tabtrlated ln f\ppend-lx E,

where each blt ind-icates the followlng:

Zz set lf the result t¡as zero; cleareC. otherwlse

Ns set lf the result !¡as negatlve; cleared otherwlse

C; .set lf the operailon resulted. ln'a car?y f rorn the nost

lgnlf lcant blt; cleared othen'¡ise

V: set if 't,he operation resulted ln a.n arltrr'^netic

overf 1or'¡; cleared othen'¡lse

13



INTF,RPJJPT äÀI\iDLING

The PDP-11 makes a loglcal d-lstlnction betl¡een ma.chlne

lnstru.ction errorse lnput and outpu.t requests, lnstalla.tlon servLce

routinesr a.fid- user"-d-eflned. trap routlnes. They ere all classed

as lnterrupts, and .they all use the se¡ne lnterru.pt mecha;eisrû.

But each eause of lnteruupt ls a,ssoclated wlth a flxed. menory

locatlon (cal-led a Lrap vector) ttrus ellminating the neeå to

determlne by softrvare v¡hat was the cause of the interrupt. The

lnterrupt systera perults ihe processor to shlft executlon from

any glven routlne to another onêr e.nd. laier return to the lnter-

ru-pted. routlne ex¿ct1y as 1t left lt.

A progra.¡û lnterru.pt roay be caused. ln any of the follorving

ways:

1. Bternal Devlce Inieryupt: Each perlpheral devlCe 1s

asslgned a priorlty leve1 for lnterrupting the processor. $Ihen

an external devlce need's the processorr a hardware lnterrupt

occurs and control is given to the servlcing routlne of tha.t

d-evlce. (References to external devices have not yet been

lmpIe,nented. ln the Interpreter; consequently, no priorlty

interru.pts exist in thris sinulatlon. )

2, Machine Tnsiruction Eryors: Whenevee ar1 instruciion

error 1s detect€dr a.ri lnterru;ot is autometically generated to

tenninate the user'progran and prlnt an octal- d-unp of core

memory.

3. Us.er-fnvoked Interrupt: A user may cod.e an lnteryupt

directly into.his progxair 1n much the saltre manner as a subi'outine

call. The ttrapt lnstructlons lliT (E'fulator Trap) and TP.AP ere
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üsed. for thls purpose.

À trap veetor (or inierru-pt vector) conprises two consecutlve

wcrd.s of nenory. The first word. contalns the startlng ad,d.ress of

an lnterrupt-hand.llng routine; the second- contalns a ner{ processor

etatus t¡ord., Each.type of interuupt ls associated r'¡ltÌ: lts ov¡n

particular inierrupt vector, as outlined in Appendix H". Locations

OOOOOO6 to 0004006 of core nenorl/ ere reserved. for these interru.pi

vecio::s,

The lnterrupt operation nay be surnma,rlzed. as fo11ov¡s¡

1 " The contents of the progran counter (PC) and. the processor

status regleter (PS) are pushed onto the processor stack.

2. À nev¡ PC and PS are load-eC. fron the appropria.ie location

of the lnterrupt vector, thereby send.lng control to an lnierrupt-
hand.llng routlner rvith the processor set to a ner.I prlority Ievel.

7. The lnterrupt-hanô11n6 routine is terninated- by the lnstruc-

tion RTI (ReTurn from Inter¡upt) v¡hlch pops the top tv¡o r¡¡ords off
the processor stack back lnto the PC and PS, returnlng control

to the interrupted program"

An lnterrupt-handllng routlne may ltself be lnterrupted., and-

thls nesting of lnterrupts nay go on to any level, 1lmlted. only

by the core aval1able for the processor stach. Further, a serr¡lce

routlne aay use the processor stack for teicporary daia or d.ynanlc

1lsts- provlded. the return mechanlsrn is not destroyed.. Flgure 1

111us'.,rates how the :orocessor stack operates d-urlng nested-

lnterrup^t,s. idote that the stack polnter (Sf ¡ is autornatieally

ad just ed..
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clf

1. Routlne 1 executes
( sP )=n

SP.+ TErP2
TË,iP 1

PCl
PSl

PROGzuJ.f

PR.OGP"EJVI

PCI
PSl

PROGRA],I

2. ïnterrupt Routine 1 by
Routlne 2

( SP )=¡¡al¡

sP -> PC2
PS2

LTUEE
TEifP 1

PC1
PSl

PROGR4}1

4" Interrupt Foutine 2 by
Foutlne J

( SP )=n+1 2

FIGURE 1

o
400

TE.{F2
TEI{P 1

PC1
PS1

PROGPt4]'1

INTERRUPT OPTa'ÀTTO}TS

o
4oo

sP ->

0
4oo

o
400

3. Routine 2 generates
t ernporary storg-.cs

( sP )=n+8

o
400

sP+ Ðr- PC1
PS1

PF"OGP"A"¡.Í

6 . F-eI eas e t anpo ra.ry
PROGP'AiIi

o
400

o
400

sP+

storage
5. Roui Lne 3 t enninat es, ( Sp )=n+4 7 . Retur"n to Fouiine 1

return to Routlne 2
( sP )-n+B
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J.SSE.ÍBLER FEATURES

PÀL- 1 1R .ASStrI{ELER LÂI{GUAGE

PAL-1iR. Àssenbler La,ngua$e provldes a collection of mnenonic

synrbols corûposed. of.;

Instruction mnenonics v¡hlch correspond to the PÐP-1 1

machlne language commancls us"a aL executlon tlne;
2. Assenbler d-lrectLves whlch represent auxtllary functions

to be performed by the .ê,ssembler at assembly time.

PROGRfu1.Î.. SF,CT IOi'iÏ}TG A}Ð LÏ N'ÏíI\TG

The Assernbler provid.es f acillties for orgarrizLng a prograÍr

lnto one or more parts called. control sectlons. Control sections

ently and. the r\sserobler maintains a separateare assenbled. independently and. the r\sseroblêr mai

locatlon counter and s¡rnbol table for each sectlon

Symbols defined in one eontrol section nay be referenced. ln

another control section by uslng the .GLOBL d-lrective" (See Seciion

Ð" ) Thusr a prograr'n r¡¡rltten r¡ith diff erent control sectlons may

share d.ata a.nC. transf er control ainong sections.

@
' Progran relccation le the loading of an obJect progran lnto

storage locatlons other than those o116ina11y assumed. by the user.

A prograjn sectlon ls ela.ssed as relocatable or absolute respec-

tlvely depend-ing on whether it d.oes or d.oes not undergo program

relocation. ¡tr user nay specify an absolute section by mee.ns of

an .ASECT dlrectiver o? a relocatable secilon by a .CSECT
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d.lrectlve. '(See Sectlon D: Progra:n Sectioning Directives. )

Control sections are relocatable unless explicitly d.ef1ned.

as absolute" Relocatlon 1-s autonatlc, and in general lnvislble
to the user. Actua1ly, hor,{ever, the å.ssenbler w111 add the base

address (hereafter relocatable zeTo) of the appropriate reloca-

table sectlon to any address constants appea.ring in the progran.'

PBOGR-{].,,I LO.AÐING

In thls verslon of the PDP-I 1 Assenbler' the load Phase ls
lncorporated. lnto the assenbly phase. thls restricts sone of the

capabllltles of the PDP-1 1 slmulatlon ln that obJect mod-ules

cannot be load.ed. frora aux11lary storage and relocated. for execu-

tlon. Such problens are dtscussed more fu11y ln the Assenbler

Loglc l:,1anua1

All reloeatable control sectlons are loaded. contlguously a,L

the highest locations of core ¡c.enory" "Any absolute sectlons are

loaded at the locations speclfled by the user.

I,NPUT À}ID OUTPUT

The PDP-I 1 lnstructlon set has no expllcit lnput or output

lnstructlons. In an actual PÐP-11 systen, each peripheral device

1s asslgned- unlque memorlr add.resses for v¡hat are ter:led- devlce

status reglsters, control registersr â.rtd d.ata reglsters. Und.er

certaln condLittons , l/O hardrvare devices will- tnterrupt the pro-

cessor anê direct lts control to an appropriat e Inpuþ/output

service routlne. There 1s no need. for d-evlce polllng.

Thls hard,,,,are approecb tor t/O creates rro ad-ditlonaI problens
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for the å.ssenbler" Ho'r.¡ever c zt the present (pf t) stage of

d.evelopment of the simulatlon, the Tnterpreter d.oes not have the

cod.e to cope rvith peripheral devices.

In ord.er to free the user from the detalls of programmlng

peripheral devic€s¡. and. to postpone the lnterpretatlon of such

lnstructions, a set of sefl/ice routlnes r/¡ere raade ava.llable ln
t,he form of extend.ed. assenbly lan8uage ins-r,ructions called. monltor

requests. .Arnong these are the input and. ou.tput macros!

1, READC Read Character
2. RE¡-DO Read. Octal
3. PRINTC Print Characfer
4. PRTNTO Prlnt octal

EP.ROR TVTESSAGES

Ïlhen a source proeqrer ls assenbled-, lt 1s anaLyzed. for errors

ln the use of PAL-1l.R language. Detected errors are flagged, and

a sunmary of the errors appears at the end. of the progran ltstin8"
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SEOTTON B P"ÀL-liR LA}üGUÀGE STRUCTURE

C}',-ARACTER. SET

A PAL-11R symbollc prograrn is composed of lnstructlon nnenorrlcs,

synbols, numbers, and. separating characters (aetimiters) using the

foIlor.¡ing ÀSCIIà" characters ¡

1. the letters A throuEh Z;

2. the d.iglts O through Ç;

7. the characters . and. $;

4. the separating or terminatlng characters

t=ftfi@ () ti rrr+-&lanclb1ank.

STATE{m{ÎS

A statenent nray be composed of up to four flelds which are

ld.entif 1ed by their ord-er of appearance or by speclal terminailng

cha.racters as explained- below and- sunmarlzeC. ln Append-lx B.

These four f ield"s are;

LABEL OPERATOR OPER¿,IID COT'ÍMMIT

where the L¿I,BEL and. COI'ß|EIÌT fleId-s are optionalr â.rtd the OPIRAID

field depend.s upon the OPERATOR being used.

A symbolic progran ls submitted- in the fors of punched. cards.

Each source statenent must be contained- ln eolumns 1 through 7Z

of e ce?ð-, rr,lth one statenent per card., and no contlnuations

allov¡ed.. The statenent field.s are not associated. t¡ith fixed.

locations on the ð.aía. card."

o ASCtt stancls for .&nerican Standard Cod e for Informa'ulon
ïnt erchange "
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LABEL

A label is e. syrnbollc nene for a parttcular location l¡itÌ:in
a progt"en" The label field is optional" If a label is present,

lt always occurs flrst in a statement, and. must be tennlnateô by

a colon (: )" A label is a user-d-ef1ned. syr-.rbol v¡hich is assigned

the curyent value of the location counter, (fne locatlon counter

contalns the address of the mernory location where the machlne

cod.e for the next instructlon w111 be stored. ) This value will
be absolute or relocatable accord.lng to r,rhether that proßran

section is absolute or relocaiable.

For exanple, lf the cu¡'rent location counter 1s (relocatable)

40g, the statenent

.ABC ¡ ADÐ A, B

w111 asslgn the value (relocatable) 4OA to the 1abel ABC, so that

all ref erences to .å.BC wlll- beco¡ne ref erences to locatlon (reloca-

table ) 4.0g.

More than one label nay appear t¿;iihln the saine Iabel fleId.;

and eacb 1abel will be asslgnd the seine value.

]r.YZ¿ ÐÐ$: A76 ¡ .AÐD A, B

In the e.bove, the saiae value t'111 be asslgned to each of the

labels X'IZ, DD,år 1fl6"

If the same label appears on

saroe prosrarn sectlon, the error ÞI

r,¡iI1 be generated..

OPE?*{TOF.

any other statement wlthin the

(Uuftlple d.eflniiion of a 1abel)

An operator 1s an lnstruciion mnernonlc or an assenbler dlrec-
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tlve¡ âs tabulated ln ¡l.ppendlces E and F. An lnstru.ction nnenonic

speclfies v¡h.at actton v¡ilL be perfonned aL executlon tline" "An

asse¡nbler C,.irective speclfies a cerba-in actlon to be perforned-

'during assembly tlroeo

An operator may be preceded. by one or more labels, and

followed by one or more operands and/or a comnent. .An operator

ls terrninateÔ by a blank or any of the followlng charactersi

# @ ( % + & ! fr' ,;
The use of the above charact*"" 

"i11 
-b" 

explalned. ln subsequent

sections "

OPERA}ID

Operand entrles i-dentlfy data to be acted upon by the opel'ator.

Operancls nay be s¡'ubols, expressions t or ntr-qbers. Depend.ing on the

type of instruction, one, tr¡¡o, or no operands may be rvritten in the

operand fleld. I{hen nore than one operand- appears v¡l-thln a state-

ment, each 1S separated from'the next by s. coïuna. An operand nay

be preceded- by an operaLot and/or a 1abelr â.Êc1 follovred' by a com-

ment. Operand.s raay repr"esent storage locationsr general registers,

immedlate data, or consta.nt values.

CO14L.{A\]T

Conr"nents d.o not affect the assenbly or the executlon of a

prograin; however, they are useful as docurnentatlon for the progra.ll

llstlng. A conment urust begin wlth a se¡ni-colon (; ). lhe conment

fleld. is olrLional and- may contain any characters. Ït nay be

preeec-ed. by nonet àflJI or all of the other three flelds"
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The follor,ting are exanples of coìnments:

LABEIL; IÍOV XrY ; THIS IS A CO¡,ilfÐ\iT

; T}íIS IS A COI-ß,ÍUI]T CAF-D

SYr,îB0LS

. A synbol ls a charaeter or cornbinatlon of characLers used. to

represent storage locatlons or arbitYary lntegers. S¡nnbols' by

their use as lab'els and operands, provide a convenient way io

na,ne anC. ref erence prcgrem data. There are tr.¡o types of s¡rmbols,

eaeh lvlth lts otrn sytnbol table:

1 . perrnanent syrnbols

2. user-deflne.å synbols

PER'{SIITEI\Î SY],ïBCLS

Pernanent syinbols conslst of the instructlon mnemonlcs and.

assenbler dlrectlves lvhlch represent the instructlon ca.pabilitles

of PAL-1 lR. These sytbols reslde ln a pernanent Part of the

Asseinbl,er cal-Ied- the Perrnanent synbol Table, and' neecl not be deflned-

by the prograprner before being used. ln an Assenbler souree prograin.

USEP.-Dtr'TNÐ SYì{BCLS

User-deflned- synbols are created. by the progranmer to be used.

as labels and operand.s" These s¡n:iboIs are entered. by the Assembler

ln'to the User Synbol Ta.ble as they aTe encounterecl during the flrst

pass of the assenbly" A string of ciraracters is a lega1 user-

d"efinecl synnbol only 1f the following rules apply:

1 . The f irst dnaracter in a syrnbol nust not be a cliglt "
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2. No blanks or separatln,s chara.cters may be lnc1uded..

3. Each synbol nusi be unlque r¡lth-i-n th'e first slx charaeLers.

Synbols of more than six cÌ:.aracters v¡111 be accepted,; the seventh

and. subsequent characters w111 be checkeð for legallty, but other-

wise lgnored. by the Asseinb'l er"

A user-definec-L synbol may dupllcate a pennanent s¡nmboI

l+lthout confuslon:

1. When a syrnbol is d.etecteå ln the opera,tor field., it ls

asslgned lts correspond.lng machlne operation code as tabul ated.

ln the Pernanent Sprbol Îable. If no such instructlon (synbol)

exlsts, the .'',fOÐ dlrectlve 1s essu,ned (see Sectlon Ð¡ å,sssrbler

Dtrectlves) ana the s¡nnbol ls consld,ered. as an operaird.

2" If a. syrnbol ls d.etected- in the operand fleld, it is

associated. r.¡1th its user-defineC. value, 1f anyr as found- ln the

User Synbol Table. Fallln8 thls, the synbol 1s assumed perroanent

and. ls assi¿rted an absolute value correspondlng to lts machlne

operatlon code, If a syrnbof is found. to be neLther user-deflned.

nor pennanent, 1t is asslgned- the value (relocatab'le) zeror e.rrd.

is flagged as undef ined..

GLOBi\L SYI{BOLS

. Global synbols are user-d.efined synbols which also appear ln

the .GLOBL assenbler directive. (See Section Ð.)

NU]'TBÐiRS

Numbers aTe

speclfying values

self-d.efinlng ter:ns r'¡hich provid-e a neans

wlthcut using symbolic i1ÐiÌìes. Â number

of

1s
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classlfied. as absolute slnce lts value does not change d.uring

relocation. À nunber is transforned- during tiie flrst pass of the

assenbly into its 16-bft binar,v equiv¿lent. If that nunber re-
qutres nore than 16 blts, it ls truncateC. on the Ieft, that ls,
lts hlgh order bits. are ignored¡ ånd flagged rvitb. the eryor T

(Truncation eryor" ) Each number is calcu.lated as soorr as lt ls
encoun'uered., and no synbol table eniry is associated. r"¡lth lt.
The Assenbler recognlzes two d.iff erent iypes (nrunber base) of

nr¡mbers, octal and. d.ecirnaJ-.

OCTAL NUI],IBER

An octal nr¡nber conslsts

Each octal d.igit 1s assenbled.

o ooo
1 - O01
2 - O10
3 011

of the diglts 0 throu¿rh f on1y.

es a f-blt binary eod.e:

4-ioo
5-101
6 110
7 - 111

Ð ET T},f.{L NU]"ÍBE*T],

A declnal nunber ls wrl'r,ten as a slgned. or uirslgneC" sequence

of d.eclnal d.lg.its follol.¡ed. by a d-eclnal point (. )" A number con-

talnlng the d.lglts B or 9 but not terÌnlnated" by a decina.l potnt

ls stllL lnterpreted as d.eclnal, but the error nessage N (NunnOer

eruor) ls generated. ,

ÐATA FOR,IAT

1, À1]- nurnbers are 'r,reated- as r'¡ord" Quantitles lncluding a

slgn bit and. 15 binary ini'eger bits"
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15 0

Posltlve numbers are s'uored- ln irue blnary fonn with a sign btt
of O. Ne,gatlve nunbers are stored- in twors conplenent forru wlth

a slgn blt of 1" The twors conplement of a blnary nurnber is
obtalned by lnverLing each bit of the blnary represenìat1on and

ad.dlng one to 1t. In byte operations¡ a ful1 v¡ord. value ls cal-

culated, but truncated. to the low-order byteo

2. À11 add.resses are assuned to be posltive lntegers arrd.

are stcred as 16-b1t true binary numbers v¡lth no slgn blt.

150
3. Logleal and- charaeþer d.a.ta is stored as unstructured

byt es "

D_IEEq!:!Ë$IGN$il'TL

A direct assignment statenent d.efines a. syrnbol by assignlns

to lt the value e.nd- relocatablllty attrlbutes of an expresslon

tn the operand f le1d-.

SYþÏBOL= tr'PRESSION

where the follor'rlng rules apply¡

1, Àn equal glgr (=) must terminate the synrbol name.

2, A dlrect asslgnment statement may be preced.ed. by a

label and/or f ollorrreC by ¿ colÌittrêrt.

3" Only one syrnbol may be d.eflned- by any one direct

assl gni'rent statenent .

4" 0n1y one level of forward ref erenclng is alloÏ¡ed." Än
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.An exanple of . iv¡o levels of 'forr¡,'ard- ref erenclng 1s:
1t 

-174-¿
Y=Z
Z=5

At the end. of Pass 1 , X and Y are undef ined, although Z Is d.ef lned-

as 5. Consequently, ln Pass 2, rX=Yr earurot be evaluated. Thls

causes the 'eruor message U (Unaefined syrnbol. )

A synbol may be reclefined by another d.irect assignnent state-

nent. Iiowever, a synrbol nay not be defin'ea ¡otn by dlrect assign-

¡nent and as a label. Such actlon rq1II be fla.g6ed as a D-error

(D_oubfy d.efined. sy-rnbol. )

It should. be und-erstood that d.irect asslgrulent statemer:ts

arenon-executable1nstructions.Thesynbo1saredefined.at
assembly tlne only. IIo machlne lnstru.ctlons are generated- for
execution tlme

REGISTER S]î,,TBOLS

A register synbol ls a synbollc naine for a re.Slster and 1s

d.eflned. by ôlrect asslgrrnent, the el-ght general re8isters of the

PDP-11 are lc1en-ulfied. by the ntlrnbers O to T " Thus' the def ining

expresslon for a register synbol must be absolute and ln the range

O to 7. In ad.d.ltion, ai least one term ln the expression inust

elther be preceded by a % sLgn, or Ì¡e a prevlously d.efined.

re3ister synbol.

F(O=/tÕ ; DEFINE RO AS REGISTER O

ft]=RO + 1 ; DTF'TNE R1 AS REGISTER, 1

F.5= 3 + %2 ; DffINE P.5 AS REGTSTE"R 5

The percent sLgn, ¡4o, ind.lca.tes a ref erence to a reglster. In

fact, the % ^uy appear in any expression in an¡' instruction
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rr¡here a re8ister syr:rbol

cLF. /A
CLR

c=,+20"

rr4OV . , R5

1s required.

;CLEAF. REGISTER.4
; CLEÀR i,ÍE.lOF.Y LOCATIOì{ 4

A re6lster s¡nnbor ¡nust be d-efineå before it is ref erenced..

Otherr¡¡ise¡ ihe Assenbler may lnterpret the statement ln a way

not lniended by thé progralrrîer.

å.SSÉ''IBLY LOCATIOi\i C OulllER.

The location counter 1s used by the Assenbler d.uring assenbly

of a progrs.in 'r,o assign storage ad-d-resses to prograin state:nents.

It ls the Assenblerrs equlvalent to the prograrn counter at execu-

tion t1me. As each instruction is assenbled., the locatlon coun'r,er

ls increnented- by the length of the asse¡ibled. item. Thus, it
ah^rays points to the nert available storage location. Àny labe1

LhaL is encountered., thelr, is assigned. tl:e value of the location
counter before this lncrenentin$ occurs. In thls viå.]/r a labe1 is
seen as e synbollc aodress whose rruÍerical equivaleni (tne value

of 'the locatton counter) ls the ad.d-ress of the first byte of the-

machine lnstruction being assembleC..

The period (. ) ls the per:aanent synbol for the location
eounter and. may be used. in any expression l-n PAL-11R. For exârrpl€r

storage locatlons nay be reserved. in a prograü by advanclng the

location counter.

; RESERVE 20 BYTES O!' Ì,IH'ÍORT

;L0ÂÐ THE .liOV IIISTFJJCTIOII INTO R5

The location counter has a nod.e e.ssociated r¡lth it: lt ls absolute

if it appears ln an absol-ute prosran section (see Frogreil Sectj,on-
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lng Dlrectlves); other.*.*'ise, it 1s relocaiable.

E{PRESSTOi'üS

An expresslon 1s conposed- of a single ternr or. an arltl:-rnetic
or loEical eombinat.ton of terras. ê" term rnay be a permanent s¡rmbol,

a user-defined synbolr 3, rlltnber, or the location eounter. An

expressl-on 1s evaluated terrn by tern from left to right ancL red.uced

to a slngle r¿¡ord. quantity by the Assembler. Parentheses are not

allowed l'¡iih1n a:r expresslorr.

.ê,RITlil'1ETJt -U\lD LOGIC-\L OPERf\TOF"S

The arlthmetlc operators are:

aC.dition or a posltlve m:¡rber
subtrecLion or a negatlve nunber

The logical operators arei

& logical AIJD
I logical inclusive 0R

Âì\lT)

0&O=O
O&1=0
1&O=0
1&1=1

o
0
1

I

OR

0=O
l=
0=
7=

A missing term or e;tpression ls interpreted- as Ð. zeno. A nisslng
operator 1s lnterpretecl es a plus. The error code Q (O"uestlonable

syntax) is generated for a nisslng operator. !

X + - 100 ;I{ISSII(G OPEF.AI\D

ls evaluated as X plus O ninus 10Og.
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ASCI_ï 9O,iWERSIoN

t Ascrr bytett Ascrr v¡ord.

1, The apostrophe (i) asslgns the 7-bit ASCII val-ue (Appendix A)

of the ehe,racLer f ol1or.iin6 lt.

'A 
'; EVALUÀTÐ .Às 10 18

2. The quotatlon mark (t') forns a rr'ord qua¡itity froar the tl¡o

characters followlng lt as shown belov¡:

&. the Iow byte ls the ASCII val-ue of the flrst character"

b. The high ord-er byte is the ASGII value of the second
. chenacLer"

cn Any aC.d-itional characters are i¿nored."

t'Bc

l¡here hl E,h b¡¡t e lorv byt e
0100001 1 0100co10

CB

TIODE OF Ð{PF.ESSÏ01[S

A tern ls either absolute, r'eLocatable in the current progra.r

sectlon, or relocatable in another- progreln section. Iiote that

there are no external synbols since previously assenblecl- progre;ns

can noi be load.ed into core from auxillary storage. Iùtrnbers,

permanent synboler efrcl generated. d-ate. a.Í'e treated. as absolute

terms.

SinlI¿rly, expressions are absolute or relocatable according

to the folloiring ruless

Absolute: 7. absolute tern preceded optionally by a plus or' m1nus sign

2. relocatabl-e expression mlnus a relocaiable tets
belonging to the sane progran sectlon

; EV"{LUATÐ AS 0415A2g

to



3" any colabinatlon of absolute terns

Relocatable; i. a relocatable term

2" a relocaiable expression plus or rnlnus en
absolute expression

3" an absoluie expression plus a relocatable
expresslon

Reloca.table terTns from d.lfferent progra.a sectlons roay not appear

ln the sane expressiorr. .êr'lso, logtcal operations involvlng tr^ro

relocatable tenns are illegaI. These errors are flagged. by the

message -4 (¿adressing error. )
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sEcTro\l c "&DDP.ESSING T.ÍODES

PDP-11 machine instruction ',vord-s contain a six-bit ad-Cress

fle1d. divid.ed" into tr¡¡o 3-b1t subfields i^¡hich specify the general

register and the mod.e of calculating the operand- ad-d-regs,

3210
Àd.d-ress Field.

The register subfield. ldentifies which of the eight general

reglsters ls to be used. ln the aådress calcnIatlon. the mod-e

subfleld- ind.lcates hov¡ this register ls to be used"

The follol.rlng conventlons are used throughout this sectlon¡

â.o E repres"rrJ" any expresslon.

b. R represents a register expresslon.

c. ER represents a regls'r,er expresslon or a.i'r. absolute

expression in the range O to 7.

d-. A ls a stx-blt ad.dress fle1d. es described ¿bove.

e" Examples are provld.ed uslng the clear instruction CLR

which zeroes out the operand 1ocatlon. (operation code

o050oog )

REGISTER }4ODE

Add-ress Fleld. ¡

Fonnat:

D esc rlptlon:

À

R

The reglster contains

general regisiers are

the operatid. The PDF-11

located- in tfast I nernorJrr

3z



hence operatlons involvirrg reglsters as operands have a deflnlte

speed advantage"

-E (anpte 3

oooool Rl= ,i"l ;DF'INE REGTSTEP, 1 AS R1
O05oo1 CLR R1 ;CLEAR REGISTER 1

Ð¡FERRÐ REGTSTER ¡.TOÐE

Ðescrlptlon: The register contalns the address of the

operand, The separatlng character t@t

lndicates to the .Assembler that the folloivlng expression 1s a

pointer to an operand add.ress. In thls caser tt ls the prograa-

merts responsiblllty to ensure thri iiie register lnvolved.

actually rvill contain the requlreè address at executlon tl¡ûe.

Exa¡np1e ¡

CLR @R1 ; CLEÀR THE I'foFÐ ÀT TIiE
or ; AÐDRESS COI\ITAïNHD ïN

oo5o11 cLR (Rl )' ; REGTSTER 1 .

or
cLR (l)

ÂuTorNcRE{nTT MopF

Ad-d ress Fi eId.:

Format;

.A,ddress Fteld;

Fonnat ¡

1

@R or ( nn)

(m)+

Descrlptlon: The contents of the register are incremented.

lnnedlately after being ttsed. as the add.ress

of the operand. Autolncrement aC'dressing provid.es automatlc

l-ncreaslng of a pointer through a.sequeniial list or table of

operands, a.red- therefore it facilita.tes the hard.vrare stack pro-

2 R.
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cessing. For both inerenent mod.es, the registers v;111 norrnally

be lncrenented by tvro, whlch is the lnnp1lec1 length of the operarrd..

However, fgt byte manlpulatlon (see Sectlon D) the lncrement v¡11-1

';---be one" Registers 6 a:nð. 7 are lncremented- or d.ecremented. ah+ays

by twoô .

Bample ¡

005021
oo5024

Ðff'ERilM AUTOÏNCRÐ,IÐIT T"ÍODE

cLR (nt )+ ;oLEAR WOmS ÀT THE ADDRESSES
cLR ( Rr +r )+ 

; Ë.Y-i3*iP. ?"offi"u'iffiTisnffinvr
;THESE P,EGïSTEP.S BY 2

Deserl;otlon: The register contalns a polnter to the address

of the operand-. The contents of the reElster

are incr'e¡aented. after belng used.. Thls nocle ls noet useful 1n

subroutines where ar"gunents a.re typlcal1y passed ln ihe forn of

å.d.d-ress Fleld:

Format ¡

aC.d-ress consta.nts.

Haraple:
ooioj2

.auT oD Ér Rff"iÐqT 1.10Ð E

.å.ôdress Fleld-;

Format:

Ð esc ription:

are decreased. by

o( Pa) +

cLR €(e)+
or

cLR @( R2)+

-(.8)
Îl:e cont ent s

d-ecreased- by

one); then the

;REGISTIIR 2 POIIITTS T0 ¿ l.ÍU.,iORf
; LOCATIO¡l ',vliICi, COI{I:AIirì$ TFìE
;.êJ,I;F.I:ISS OF THE WOro TO tsE
; CLEARH)

of t,he reglster are first
trro ( f or b]'i e operations, the¡r

register coatents are useC, es

AL

R
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ÐB'ERRIÐ AUTODEçREÍ ElfT IIODE

the ad-d.ress of the operand,

onto a g'uack.

Be¡tple r

Thl s nod-e ls used. to push data

;DEtREIflriT CO¡lTIîITS 0F F.EGISTffi.S
ì 1 , f åJTD 4 BY THO BÛ'ORE USTNG
; THÉ"i AS "ADDR.qTSSES 0F 1',¡0FÐS T0
; CLEAR

of the reglster are d,ecrenente4

used. as a pointer to the ad.dress

;DECREASE REGISTER 2 Ey TtrfO
; BffORE USE AS t\ POÌNTER TO
; A I.IORD TO BE CLEARED

oo5041
oo5043
oo5044

Ad.d-ress Fi eld. :

t''or!0at,:

Ðescrlptlon¡

of the operand..

Exa¡:ple:
oo5052

ïNDÐ( I.ÍOÐE

Ad"d ress Fi eld. :

For¡nat ¡

cLR -(Rl )
cLR -(nt+a)
cLR -(4)

@- ( ER)

The contents

before be1n6

crR @-(2)

E( ER)

Descrlptlon; The operand. ad"dress ls calculated as the suÌn

of the value E plus the contents of the
reglster ER. The value of the expression E ls calculated by the
Assenbler and. stored. as an index worô 1n the lnstructlon strean
al the next location.

ad.d.ress fle1dInstructlon

-;.lnoex h¡ord

R

R

E
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The value E ls ca1leå lhe baser Ð.îd. the contents of re8lster EP,

are calIed. the lnd.ex. At execution tlne, the base ls flxed.r âild

tlre lnd-ex, nay vary und.er progra;n control. å¡ry reglster (O Lo'7)

may be used as an lnd.ex register. This nod.e pelmlts rand.om

access of Ôata in tables or stacks.

Exa.nple: Sup.oose X ls location 1268.

005061 cLR x-4(R1 ) ;CLEÀR THE \"Ioro ¿.T "AÐDRESSooo122 ;x-4 PLUS THE COIITH\TS OF

;REGISTER 1

DTF'ERF.ED TNDÐ( I.ÍODE

Add-ress Fle1d.:

Fornat ¡ @E( ER)

Descrlptlon; A polnter to the aC"d-ress of the operand. is
calculated as the surû of the expreeslon E and.

the eontents of the reglster ER. The Asssnbler generates an

lndex word contatning the value E as above. Thls nod.e can access

data from stacks of aådress constants"

Exanple: Suppose n2 contalns 6008 ancl loca.tion 6009
contains 7148

oo5o72 cLR @24(nZ) ; LocAlroiri 7406 r$ CL&qRÐ

The progralr counter (pC) nay be used- with any of the above

ad-d.resslng mod-es. There are four speclal formats associaied.

wlt,h the FC" The double operand. lnstrucilon i'ÍOV (rvhlch moves

the first operand. to the second. opet'aird locationr operatlon

cod.e 0100OOg) w111 be used. ln the exa:rples.
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I

ÃMi.fÐiATE r{opE

Ad,d.ress Fleld;
Format ¡

Descrlpt j-on:

When the oper¿nd ls fetched., the PC is

and v¡111 polnt to the next lnstruction.

a fu}l word l-s assenbled. for imneC.iate

tlons are ahlays fetched fron even byte

Era:nple ¡

o 127 02
000 1 20

ÀBSOLUTE T'IODE

Add.ress Field:
Forsa!:

Descrlptionr

Èhe add-ress of the

stores the vahie of

lnstructlon stream.

#E

The operand ltself ls stored as an lnd-ex word

and. 1s accessed. by autolncrenent ad.d.resslng

through the progran counter. At execution timerwl:enever an

lnstructlon is fetched., the PC polnts to the r¡ord follor¡ing that
lnstructlon. In thls case, the word- followlng the lnstruction
1s the operand..

I}TSTRUCTIOII

TI4MEÐIATE DÀTA

agaln lncrenented. by two,

Fi¡en ln byte lnstruetlons,

operands so that lnstruc-

locatlons.

; LOr\Ð 12oB INTO R2r{ov lllzo,az

@/ÍE

Thls ts d.ef erued autoincre-rent uslng the PC.

The ¡¡ord follot¡ing the lnstruction 1s used es

operand-. As 1n lmnedlate nod.e, the Assenbler

the expresslon as an lndex word in tÌ:e
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Exa'nple¡

o13704

RELS,TTVE Ì4ODE

Address Ffeld.¡

Fonnat:

Suppose A ls stored

I\tov @#Ã,R4

ln loeation 4128"

r "oT À INro R4

E

Descrlptlon: This 1s lnd.ex mod.e uslng the PC. . An lndex

word- 1s generated containing the d.lsplacement

betl¡een the operand- address and. the progran counter.

INSTRUCTION

Buf aL execution tfune, after the lndex word- ls fetched., the PC

contalns the address of the v¡ord folIoy¡ing the lnd-ex word.. Thus

the d"isplacenent 1s calculated by ihe .ir,sseinbler as;

This 1s called

relative to the

¡xaüpl-e:

I oo: 016767
1O2t 0OOO14
104: OOOOl6

Dü'ERlaEÐ RELATIVE I;IODE

Add.ress Fleld:

!'ormat 3

Deserlption:

@E

Thls is d.ef erre'l ind.ex

E- o - 2

relailve :node since the ad.dress is calculated-

current FC.

Suppose "=100 (ociel), å. ls locatlon 120gr and
B ls l-ocation 1248.

I,ïOV A,B ;T'ÍOVE_LOCATIOt.i 120g
; TO LOCATICI\T 1 248 '

3B

mod.e uslng the PC.



The Assenbler calcula'r,es and. stores a¡ ind.ex'¡¡ord- as in relatlve
mod.e. Locat,lon E ls a polnter to the operand, ad.dress.

Ðeanplet Suppose .=368 and. tsCD ls locatlon 648.

362 OO5O77 CLR @BCD ;CL$R T}íE ldoro I.IHOSE .EÐDRESS4o: oooozz trs rN LocATroN BcD

aÐp RE$$ILG Sir-'¡4i.fARY3

The follovring mod.es d.o not lncrease the lnstructlon length:

F-OR}IAT }ÍODE NÀPÍE

R Or reglster
@R or (f,n) 1r def erued- reglster

( nn)+ 2r autoincre:nent
@( m)+ 7r def erreå autolncrenent
- ( nn) 4r autod.ecrement

@- ( ER) 5r d.ef erueC. autod ecrement

The following mod.es add one word to the lnstructlon length;

roRuAT r{oDE NA}ÍE

u( Bn) 6r lnclex
@E( ER) Tr d ef eÉred- ind.ex
,rie 27. lnmed.late
a ll-@än 37 absoluie
E 67 relatlve
@E 77 d.eferred relatlve
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SEUTTON D PAL-1lR. LANGUå.GE STATH.IMTTS

I NSTRLTC T T ON }4}'I-Ð4ONT C S

SYT4tsOLTC FOzu.íATS

The set of rnachine instructlons for the PDP-1 1 computer are

expressed by s¡mboIlc (mnenonlc) lnstructiong, $ymbolic lnstruc-
tlons encountered. d.urlng assenbly are translated- lnio executable

machlne commands" The Assenbler groups these lnstr.ucÈlon mnenonlcs

lnto seven classes accordlng to thelr synbolic format,

The following notation 1s used. ln this sectlont
OP represents a PAL- 1 1R. lnstruction mnemorrlc.

R 1s a reglster çxpresslon.

E 1s an expresslon.

ER ls a register expresslon or a¡r absolute expresslon in the
range 0 to 7.

s. ls any operand specifylng an a.d.dress nod.e as d-escrj-bed. lnthe preced-lng section and su¡:rnarlzed ln Âppend_lx C.

Llsted. below are the lnsttu"tio.l classes and. syinUolte fonnats:

fnstnìglloll C1a.ss greranAl¿gfÈ

d.ouble operand. OP ArÀ

slngle operand. OP À
operate 0P

branch OP E where - 128 * "-å-t 41ZT

subroutine call JSR UR'A 
4

subroutlne return RIS ER

trep OP or 0P E where O s E +|Wg
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The synbolic tnstruciion foruats ar"e closely related. to the
machlne ln'structton forîna'r,s of the pDp-l1 as shovm ln åppendlx D,

ïn the fo].Ior.¡ing secilons, each lnstructlon v¡l11 be d.lscusseC.

ln terus of lts synbolle mnemonle, lts Eegllsh equlvalent, its
¿L

machlne cod.e¡ ând fts operatlon" fn most cases, examples wllI
also be 1ncIuded..

ÐOUBLE OPER.A}iÐ INSTRUCTIO}TS

Double operand lnstructlons a.re represented. as follows;

OP

r¡here src

d.st

sRc

1. Arlthnetlc operatlons: MOV(B)
ctfP( B)
¿ÐD
SUB

2. Booleen operàt1ons: BIC ( B)
Brs( ts), BIT(ts)

ARIT}f,vIETTC OPERÀTIOT{S

The follor+lng instruc'r,lons perforrl

arit,h¡net1c on .their operencls, vlhich ma¡r

the source operand- of the nnemonic

the d-est1áation operend of the mnenonlc

the source oper¿nd- ad-C.ress f1e1d. of the
machine cod.e

DST - the d.estination operand address field. of
the macÌ:ine cod.e

Instructlons of thls class include¡

irrove (¡yte)
corìFare (nyte)
.AÐD
SUBtract

BIt CLee.r (nyte)
BIt Set lsyte)BIt Tesr (tsyte)

flxed- polnt blnary

be ad.d-resses, constarttsr
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or lnmed.la',,e data" ¡tr fixed--polnt nunber or inteser consists of

a slgn bit and- a 15-b1t binary integer field.

I}iTEGER
15

Negative numbers are stored.

operatlons 1n register mode,

speclfled- reglster is used.

0

in twots complenent form.

only the low ord.er byte

For byte-

of the

I{OV

Ðescriptlon: The source operand. 1s placecl ln the d.estinatlon

locatlon. The previous contents of the d.estination are 1ost.

The contents of the source are not affected.

Gond.ltion Cod-est Z - 1sset if the source
cleared- othenvlse
set lf the solrrce
cleared othen¡i se
not affected.
cleared.

zero,

negative r

opera.nd

operand isN-

v-

Exeaple=, The i.tOV lnstruction typlfies the capablliiies of all
d.ouble operand. lnsiruc'r,1ons by tts generality. Depend,ing on the

addressing moCtes chosen, iqOV may be used to load. or store a

register¡ push or pop a stackr â-rcì transf er d.ata register-to
register or me:rory-to-nenory.

MOV B,R1 ;LoAÐ REGISTER 1 TíITH THE COITTINTS 0F B
iüfOV Rl ,C ; STORE REGISTER. 1 Iì{ LOCATION C

t'lOV #1O,R2 ; LOAD II'III¡ÐIATE D/r?A II{TO REGISTER. 2
Ì'iOV rlZS,X ; OR firìTO A i"îÐ'iOFJ( LOCAÎ ION
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l,iOV
t'iOV

MOV
ivioV

E,-(SP)
(sl)+,c

R2,R3
./l t -l-

; PU-s,li E O1'ITO TFI!] STI"C;3i
; FOF C OFF THI! STACä

; LO*D P,EGIST'IIP, 2 Ii¡ÎO F;T,3ISTfP. f
; ÞIOVE CO;\TFÎ'TTS OF LOCATIOÌ{ X I1VTO
; LOCAIIíJIV B

}f OVB

Descriptlon¡ I.ÍOVB operates on bytes exactly as lfOV operates on

lroFds' HoHever, wlth a destinatlon tn register mode, MOVB moves

the source byte into the low ord-er byte (¡its Z-O) of the tnctlcated
reglster and. extenc.s the sign bit (¡rt, T) through the high ord.er

byte (i:f ts 15-8 ) " This is knor¿¡n a.s sl$.Ì extension.

Cond.ltlon Cod_es; set on the byte resul_t as ln LÍOV

HaÆp1e ¡ MovB /17 ,nt ; LO.AD REGISTER 1 VIITH T

CIjiP

Ðescription: The soubce operand 1s conpa,red. with lhe d.estinatlon
operal-ci and- the result CeterÍines the conCiltion cod.e. Àielther
operand- 1s chan8ed." . fnternally, the destlnation l-s subtracted
from the source, and. ihe result is compared_ to zero.

Cond-ltlon Cod.es: Z - set lf the opernads are equal, cleared
otherwi se
set lf the source operand. ls lor.¡er than
the d.es'r,Lna.Lion operaltô, c't_ea_red. othery¡ise
set lf there vias a carry, cleared. otirerr¡¡ise
set if there was a.rith,:retic overflo'¡¡,
cleared otherwlse

N-

cv-
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Exapples; cLfP RO,R1
cÞfP #loo,Rl
cI4P B, C

ct4P R1 , B

; COI4P/iRE REGIST&R T0 REGISTER
; CO-*ÎP"{F.E II,L'vlÐfATE TO P,RGTSTER
;GoI{PARE ì,fHroru T0 },iE"ÍOflf
;6OI,IPÀRE R.EGISTffi. TO ¡{E\iORf

CI,fPB

Descrigþ1on¡ Sa"ne as

Cond.itlon Codes: Set

CMP

on the byte result as Cl'fP

ADD

Dqscription: The source operand 1s added. to the d.estlnatlon

operand. and the result is stored. at the d.estlnation address.

The orlglnal contents of the destination are 1ost. The contents

of the source are not affected."

Cond.itlon Codes ¡ Z - set if the result is zero, cleared-
othenvi se

N-

c

set if the result 1s negativer
cleared òtherwlse
set lf thez'e r,¡as a caruy from the nost
slgnlfice-nL blt of the result, cleared
othen¡i se

V - set lf there was arithnetlc overflor+,
cleared. otheru¡i se

Examples ¡

AÐÐ RJ,R4 ;"4ÐD REGISIER. 3 TA REGTSIER,

Arlti¡netlc operations can be performed directl¡r in menory
locations, thereby savlng needless load.ing and storlng of
accumulators.

;åÐD LOCLA,TIOif À TO LOCATTON BAÐD A, B

Imned.late addition inay be used- elther ln reglsters or 1n rceaory
¡¡henever a corlsia.nt is reclulred..

¿ÐÐ x, R1

AÐD R2,Y
;ADD X 10 R,EGTSTER 1

;¿DD REGISTF'R 2 TO LOCå.TTON Y
4

Co,tiPe.re

lt l¡T-



ADD
.qÐÐ

Add-ltion may be useful
ADD

SUB

Descrlntlon:

tlon operand.

The origlnal

of the source

;AÐÐ 25 TO REGISTER 1

;âÐD 10 so L00ATI0N C

#25.,Rl
#1o " ,c

ln processing stacks"
( sr ¡+, ( sP ) ; REPLå"CE TäE ToP

; OF TI{E STÁ,CK BY
T1¡O g-HiEl\TS
TIIEIR SUi,l

The source operand ls subtracted. from the d.esttna-

and- the result ls stored. at the d.estlnation ad.d.ress,

contents of the d-estlnatlon are 1ost. The contents

are not affected..

Cond-1tion Cod.es: Z - set lf the resuli is zero, cleared
othenvl se

N-

v-

set lf the result is negatlver cleared
otherryi se
cleareð if there l¡as e ce.l.ry ln the
result, set otherwise
set if there ruas arith:retlc overflon,
clea.red. otherr,¡i se

Ereugesi SUB '@Rl ,@R2 ;SUBTP"ACT THE'fOFÐ rr{IiOSE TtrDDRESS
; ÏS Ii{ R.EGISTER 1 F R.Oi.f TF]E r,^rO.Ð

;ÏÍHOSE -{ÐI)RESS IS Il,[ REGTSTER O
SUB ( ST ¡+, ( SP ) ; F.EFLACE TTíE TOP TIfO ENTRIES Oi\

; THE STACK tsY Ti{ElP, DIFFEP.ENCE

BOOLEAIf OPERÀTOF.S

The f ollovring lnstru.ctlons perforrn operatlons on da.t a aL

the blt leve] . The soLrrce operand- is used. as a l6-bit or B-bit
mask v¡hen used in the word. or byte instruction respectlvely.
The s¿rme mask may be usec. to set, elear or test the siate of

Particular bits in a v¡ord- (by',,e).
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BÏC

Degcriptlon: The EIC lnstruction clears each bit in the d.estln-

atlon that correspond.s to a set bit in the source. The orlglnal
contents of the d.estlnation are lost" The contents of the source

are not aff ected."

Cond.ltion Cod.esl Z - set if the result is zero,
othen'¡lse
set if ti:e high-order blt
ts 1, cleared. otherwlse
not affected-
cleared

Exanples!

BICB

Descriptlon: Sane

Cond ition Cod.es ¡ the byte result as ln EIC

BIS

Description: The BIS lnstruction sets each

that coruespond.s to a bit set in the source.

of the d.estination are 1ost. The source 1s

the boolean r0Rr operatlon.

cleared.

of the resultN-

V-

Suppose the v¡ord. X contalns 177777".
Brc #123456;< ; X BECoi.,rESt, O54321s
BIC X,X ; X IS REPLACÐ By "ZEROS

as EIC

Set on

bit in the d.estinatlon

The original contents

not affected." This ls
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Cond.ltlon Cod-es: z- set lf the result is zero,
otherr¿i se
set tf the hlgh-ord-er blt
1s eet, cleared othen¡lse
not affected
cleared

g''l s¿red.

of the resultN-

v-
Þcample;

BISB

Descrlptign¡ Sane

Cond.ition Codes:

BIS ls used to set
Suppose 'the word- X

MASK= 100001
Brs #r-tqsK,x

particular bits to one"
contains 0001028.

; X BECOIÍES 1o01OfB

ihe byte result es ln BIS

as BIS

Set orr

src,d.st

BÏT

Descrlption; The state of the d-estinatlon operand- bits as

selected by the niask (source operand) d.eiermlnes the condi{,lon

cod.e. A mask blt of one indlcates that the corcespond.lng d.estlna-

tlon blt ls to be tested-. Hhen a rnask bit 1s zero' that C,,estina-

tion þ,lt 1s lgnored. Neither ihe sou.r"ce nor the clestlnation

operand. 1s changed.

BIt Test BIT src 'd.st

Cond.itio¡ Coo-e.s: Z -
N-

Ûv-

sei lf the result ls z"erot
othen.-'i se
set lf the high-ord.er blt
is se'',, cleared othert¡lse
not affected
cleared-

cieareö.

of tire resuli

¿r-v¡l



Examplg¡

BITB

Ðescrii:tion; Sane as

Cond-iLion Cod.es: Set

BIT

on the bvie resul,t as in tsIT

BIT checks r,,¡heth.er specif ic blts in a destlnaiion
v¡ord. a.?e set "Þrr¡ 1¿177400,?1 ; z-tsî'! sãr oliÏ-Y rF' R1 F;LsÐ+L " ' A H'GH EYTE cF' z:.Ros

Err ií1occo1,e i " 
rÉi i!.*; il;'rüi rcsrrr\¡E

; INTEGEP' ÏF' Z-BÍT ÏS SET

Ex.ernp_Lgj Suppose sicra3e location 4-OOila conialns 373ç and.
r.gister 5 coñtalns 37728o ' o

BrrB #loz,6(R5)

where the o;oerand is 3739 or 111 110112
and the test rnasl< ls 7A3á or 11OOOO11;
wtth the result e 

1 1----1 1- Z N C VõT:õ

SINGLE oPEBA\rÐ__$g!3qqgI9NË

Slngle operand- instrucilons are represented, as follows:

OP

fnstructions of thls class lnclude¡

1. General operatlons: cLR(B) CLeaR (¡yte)
INc ( B) I\TCrarnent ( tsyt e)
ÐEc(B) DEorerrent (Byt,e)
NEG(B) NEGare (Byte)
cOi,f( B) col'Ipla,-rent ( nyte)
TSr(B) TeST (Byre)

2" ÞIurtiple prect"t"ioSi;i"ttffiåt.u.rr, 
( Byr e)

SBc(B) SuBtracL Çarry (Byte)

BIt Test

4B



3" Rotates: F-Ot at e Ri ght ( Byt e )
R.Otate Left (tsyte)
SWAp tsyfes

Aritirnettc Shlft Påght (eyte)
Artthnetlc Shlft Left (eyte)

fi4P Jr¡IjiP

4, shlfts:

5. Jwnp

Descrlptloni À word- (Uyte) of

add.ress. The previous cont ent s

RoF.( B)
RoL( B )
SWAB

ASR( ts)
ASL( B)

ruci lon:Inst

G4VERAJ, OPERêTTO¡íS

General operailons na.y perforn their arithmetic. calculatlons

on elther a l¡ord. or a byte operancl. Ilenceforth, the correspond-lng

word. and byte nnenonle v¡ilt be presented. together. However, a

word lnstruction requlres a word operand¡ ârld. in def erred. mod-es

must speclfy an even-byte v¡ord address. ¿, byte lnstructlon uses

a byte operand, and- arry ad.dress (evenrlocLd.) ls sultable.

CLR

CLear te

0

dst
CLRB

o

zeros ls lnserted. a.l

of the operand are

Cond.liion Cod.es: Z-set
N - c] eared
C cleared
V - cleared.

INCrenent ïNC d.st
INC

CLRB

the operand

1ogt.

TNCB
ïN0renent 3vfe

+9

INCB d"st



Descrl,otlon¡ The rr'ord (nyte)

lncrenented. by one. FoJ" IllCB,

affect any other byte, Thus,

order byte of the register is

at 't,he d-estinaticn ad.d.ress 1s

the canr:yt from,a byte does not

ln re3ister node, only the low-

i ne ren ent eC. .

Cond.ltlon Cod es ; Z -

Exa.mple:

set if the result
othen¡i- se
set lf the result
othen¡i se
not affecied-
set lf the operand-
otherv¡lse

ls zeTo, cleared.

1s negative, clearecl

was 077777g, cleared_

suns lranle)
selected. by

N-

V-

An lnstructlon of the form
rNc TABLE(R4)

may be used- to generate an array of
where entrles to be increnented. arethe ind.ex register p/t.

DEC

DECB

Descriptlon: the v¡ord, (byte) at the d_estination ad.Crregs is
d.ecrenentec- by one. !'or ÐEcB ln register nod.e, only the low-
order byte of the register ts d-ecrenented, but lf necesearf,r

the blts 15-B nay be changec. to represent the sign extention
of the result in blt,s 7-O.

Conclltlon Cod"esz Z -

9

te

N-

cv-

set if the resuli
of her.¡lse
set lf the result
othenvl se
not affectecl
sei if the operand
otherv,'l se

is zeno, e1ea.red.

1s negativer cleared.

was 1O0O0OB, cleared

5o

DEUre¡rent

ÐECrenent



Exarnple: INC a¡d-æ looping.
DEC are con-rnonly used- to

See ihe exanples under
control progran
BRAÌ{CH instructions "

lÍEGate
T[EG

NEGJ]

Descriptiont The two I

replaces the operand.

ltself slnce there ls
negative number"

Cond-ltlon CoC.es: 7.-

N-

v-

12

lenent B

NEG d-st
ÐST

s co.mplenent of the d.estlnatlon word (byte)

For NEG, the value 1OOO00g ls replaced. by

no positlve counterpart for the most

1

N

set If the
othenul se
set lf the
othenri s e
eleareC. lf
otherv;i se
sei lf the
otherv¡ise

result 1s zeîo, cleared.

result 1s negative¡ cleared

the result is ze-co, set

result ls ICOOCOBr cleared-

0oi"I lenent COII d.st
c 01,Í

cotf

o

COIIB d.st
c0Ì'îB

Ð sgc rlot ion: COi.[( E ) replec es the v¡ord. ( byt e ) cont ent s of the

d.estlnation address by lts logica,1 counplenent. that is, each

blt equal to o ls set, and- each bit equal to 1 ls eleared-.

Z - set if the resuli ls zevo, cleared.
othen¡i se

12

Cond.i'r,ion Cod.es:

51



TST d.st
TST

TSTB

Descriptlon: The condition codes aee set

contents of the d.estinatlon address,

Gond.ltion Cod-es:

N-

c
V-

fl

N.

cv-

set lf the nost
resuit ls set,
set
cleared

signiflcant bit of the
cleared otheru¡i se

a.ccord-ing to the

zero, cleared-

negativer cleared

ISset if the
otherwLse
set if the
othentl se
cleareå
cleared

result
result ls

Erapple ¡ The TST instruction ls equlvalent to
Civ1p d.st r#0

lL may be used to set up a three-way branch by testlng
the result of prevlous calculatlonsr or comparlnE
eleaents ln afL ar?ay t,o zero.

Suppose the array TABLE ls stored ln locatlon 144g.

012702
o001 44
oo57 22

iJiOV #T¿Ni,N,RE ;GET THE ARRAY ADDRESS

Tsr (ne)+ ; C0}4P-4,RE Al[ APF"{Y ENTF¡r TO
; ZEF.O å.r\Ð RESEI F.2 T0 THE
; NÐ(T ÐüTRY

MULT]PLE PRECIST O}i OPER{TIOi'IS

Often lt is necessary to d-o arlthnetic on operand.s consid.ered.

as multiple rvords" Suppose A2 and A1 are assiqned to consecutive

PDP-1i word. locatlons. These tr,¡o word.s r,ray be consld.ered. logically

as a double preclslon integer" l¡lth two slgn blts and JO bLnary

TeST

5z



lnteger bl-ts as follows:

Ì'TTËGEÎ ISI Ii.üTEGER

¡¡here A1 ls the low-ord.er word.r ând- A2 1s the high-crd.er wonl.

Although there are no exp1lclt lnsiructlons for d.ouble preelsion

arlthnetic (as in the IIJI!;/360), PÐP-11 f acilitaies such operatlons

by means of the following instructlons:

ADC

À1A2

15

ÄDd. c

o

.âDCB d.st
AÐCts

Description: The contents of the C-bit
reglster 1s ad.d-ed. to the oestination.
from an adclitlon nay be recovered. ln a

o

ln the processor status

In this l.rey, the ca.rry

subsequent add,ition.

Conclltion Cod-es: Z - sei 1Í the result is zeTo, cleared.
. othen+i se

sot if the result ls negativer cl_ea.red.
othen¡ise
set if the opera.no. l.¡as 177777^ and. (C)
vlas 7, cleared. othen¡ise Õ

set lf the operand. r^¡as O7777TA and (C)
was 1, cleared- otherwise

Double precision aclcitlon may be acconpllshed, by the
folloiving sequence of instructions v¡here A1 , A2 and
B1 , B2 are consecuiive rl'ords as d-escribed_ above:

AÐD A1 ,81 ;ADD LOW OIiDER ',.IO"EÐS
-êÐc B2 ; AÐD CAFSY I}ITO HTGII ORDER
AID A2,82 ; AID F]IGH OI-ÐÐ1. T,YOFJS

N-

Yr-

Banpl e :
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sBc

SuBtr v d.r

SBCB

Descrlptlon: The contents of

?

N

0

V-

o

SBCB d.st

50

the C-bit ln the central processor

12

ct

12

status re8ister are subtracted. from the d.estination. thus, the

caÏlry from e subtrac',,ion niay be recovered. for a nulti.ple preclsion

result "

Gond,ition CoiLes: set lf the result 1s
other*¡rl se
set if the result ls
otherwise
cleared, lf the result
set othensise
set lf the resuli is
otherll se

zeîo, cleared-

negative, cleared.

is zero and- (c) ls 1,

lOOOOOB, cleared

4lamples : D'ouble precision
guB A1 ,ts1
$BC B2
suB A2,82

Double precision
NEG A1
SBC A2
NEG A2

subtracti-on may be d"one as fol-lowsl
SÜtsT!LA.CT LOi,f OFÐTÎF. PARTS
SUBTR\CT CÀF.F¡T FROX{ }jTGH OrcER
SUtsTP.ÀCT i.iIGF; OFIEP. PAFiTS

ne,3ation ts accompllshed by:
;IüEGå.?E LOW ORDER WOR)
;.ADJUST FoR. CAFiRY
;NEiIATE HIGH O¡u,lhEFl i¡lOFÐ

E9g4!ES

Rotate operations a.re

bit structur.e of e trïorð- or

si atus regl st er i s append ecl

cireul ar bit-shifting.

useful for exapining and. testin.rr the

byte. The C-blt of the processor

to the Cestination operanC. blr
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ROtate Riaht ROR d-st

o

ROP.B d-st

set if all bits of the result are zelo,
cleared. otherr,¡lse
set if the hlgh-order bit of the result
1s 1, cleareC. othen^¡ise
load,ed- witlr the lov¡-ord-er bit of the
d.esiination
set lf either the nei'¡ i{-b,it or C-bit is 7,
but not both (vLz rBelusive ORr of II and.
C ), clea.red other'i.¡lse

ROL d.st

are rotated- left one

C-bit of the processor

of the C-bit are

ROR
15

ROt

12

te Ri
RORB

Descriptlon: All bits of the Cestlna,tion are rotated. right one

pla,ce" Bit O ls loaded. ln'bo the C-blt of the processor sta.tus

re¿ister, alld. ti:e previou.s contents of 'r,he C-bit ar'e load.ed- ln'uo

bit 15 (¡it 7) of the d-estination r,rorcì (byte).

Cond.itlon Cocies ¡

ROtate Left
ROL

o

N.

c

V-

15 1

Rotat e Left ts te ROLB ctst
ROLB

t5

D esc ript ion l All bits of the d-estination

place. Blt 15 (¡it 7) is load.ed. lnto the

status register, e.rrd. the previous conients

loadLed into bit 0 of the destinatlon"

12
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Gond"ition Cod-es:

Ðrapple:

set 1f the lol^r-ord-er byte of the
1s zeTo r cleareC. othen^lise
set tf bit 7 of tire result ls 1

hlgh-oroer bit of the lorr'-orôer
cleared. other¡¡.'1se
eleared
cleared.

z-
N-

c

V-

¡7

N-

set if all bits of the result are zero,
eleared ctherv¡lse
set lf tkie hlgh-order bit of the
1s 1, cleared otherv¡lse
Load.eC. with the high-ord.er bit of
destinat lon
set as the Exclusive 0R of N and

resul-t

the

c

SWAB

Ðescrlptlon: The lov¡-ord.er byie ancl the high-ord.er byie of the

d.estlnation word. a¡'e lntercha.ir-ged." Note that Si'iAB 1s a word.

lnstructlon, so the d.estinatlon must be a nord- (even) add-ress.

Cond-ltion Coòes: result
(viz the
byte ls 1 ),

V-

Suppo s e

o12503g

( s.',n'aÞ )

locaiion A.

S1.IAB A

= C0O1 O1O

= 0100 OOI

con',"alns 0125O3a.
; s:'l/rP tsYTES AT"LCC¡.ÎIOI{ A
;RESULT IS 0414258

1O1 COO C112

lOO 01O 1O12 - 0414258

SHIFTS

Shift instruciions nay

register or menory location

Arltirmetic Shift Riqhi
ASR

12

Ari iha ei i c

used. to multlply or d.ivld e aJry

a factor of tv¡o.

A,SR dst

be

by

9

-1-! F:Ðlr]- J tr

ASRE
12

56



Descrlption: All bits of the d.estination are shifted- right one

pla.ce" The siEn bit re¡ialns uncl:anged-. The G-blt is load-eC. fron

blt 0 of the destination.

Cond-ltion Cod.es ¡ set lf the result is zero, cleared
otherui se
set lf t'he high-order bJ-t of the result
1s 1, cleared. ofher'r¡¡lse
load-edL r¡ith the Iov¡-ord.er blt of the
d.estina.tion
set as the Excluslve 0R. of It- and. C

Examples:

z-
N'-

c

v-

A rlght shlft 1s equivalent to
roundlng d.ov,mv,'ard. .

dlvislon by two v¡lth

;LoAÐ n1 IÍITH 15.
; II{TEGER DIVISIoi\[
; RtrSULTS ÏI{ 7 "

;LO'ri¡ OH)ER OF A2 ïIIÎO C-BIT
;O-EIT II\-TO IIIGH C'ÐEF. OF ¿"1

DoubLe precision right shifts nay be accornpllsheC.
by the follor.iing3

o12701
oooo 1 7
1 0630 1

MOV #15",R1

ASRB R1

ASR A2
ROR A1

Arithrnetic Shift Left ASL Cst
ASL

12 2

shlfrAr1 thn eti c Lef t
ASLB

15 12

Ðescy'lptlon: À11 bits of ihe d.estination are shlfted. left one

plaee. Blt O ls loadeo wlth e zeTo" The C-blt in the processor

status register ls loaC.ed- v¡ith the most sl.<nif icarlt bit of the

d-esi' ination "

z-
N-

c

v-

set if the result is zero, cleared
othert'i se
set if 't,he high-order bit of the result
is 1, clea.reo oLb.er*¡ise
loe.d.eci l¡itl: tl:e ÌriEh-oröer bit of the
ê- est inat i on
set as tire Excl uslve OF- of N and C

Cond lt ion Cod.es:
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Exemples¡ A left shift ls equivalent to rnulttplication by tvro,

'"å, Tiïi^"t 
t 
"r,3T" "i!'ri' Ë ?T*ätt'it rïl' o"iää}i* *

o40506
oo6305 ASL R5

The result ls 101214 octa.I or -321 16 d.ecinal due to
arithnetlc overflol¡"

Ðouble preclsion left shifts are pro8rarnrned. a.s follo'¡¡s:
ASL A1 ; HIGIí OPÐER BIT OF "At II,ITO C-81-T
ROL A2 ; C-BIT ïìVTO LOI¿'I BfT OF A2

JÏT{P TI'ISTRUCTION

The Jump instructlon tra¡sf ers processor con',ro1 to any

v¡ord. ln menory usin6 any of the PDP-11 addr"essing modes except

regis'r,er mod-e. Register mod.e ls 111egal because control ca¡not

be sent to a register. Unlike the general EP.AÌ\CIi instruc'r,ions,
J},'iP raay have a variable-] engih fonnat.

,]l',fP d st
J¡,iP

Descripiion¡ Control is tralsferred. to the C.estinatlon address.

since all lnstruciions nnst be e,Ilgned- on a word. boundary, the

destlna,tion adaress nust specify arr even-byte location. A

I boundary eruor't resu'l ts r.¡hen. the processor attenpts to f etch

an Lnstruction fron an od-d ¿Cdress.

Condition Cod-es: not affected-

Þcamplei Using the clef erre,L lnd-ex noc1e, con'uroI na.y be sent to
a location chosen fron a table of addresses.

.I,,,iP @TABLE(RO )
Here the register F.O is used. as a¡ index reglster lnto
the array TABLE v¡hose entries inusi be lega1 (even)
progran eddresses.

; ) 040506 ocTAt
; MULTIPLY BY 2
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BRAr[Ci{ INSTRUCT_T ONS

Eranch lnstn ctions are one r'¡ord- ln l-eng'uh nith the

f o1l-or¡in.S machine f orn¡a'u:

BXX

v¡here tsXX 1s a branch lnstructlon mnemonlc

1oc is a s¡tabolic branch aC.dress located up to
127 r,¡ords before or 128 l¡ord-s after the
branch lnstruction

offset 1s an 8-bit signed. d-isplacenent of the
branch add.ress reLative to t]:e FC

An lnstruc',,1on rvord ls ali.rays fetched. by the processor from the

memory ad.d.ress contained- in the PC. l,lhenever a. word is f etched.,

the PC is automatlcally lncremented by two to point to the next

avallable r¡rord.. Branch lnstructlons can þrovlde a change ln

thls nornal sequentlal opera',,ion of 'uhe processor by loadlng

the branch a.cld.ress into the PC "

The offset 1s calculated automaticalllr by the Assembler as

& slgneci ttr'ors coroplenent d-isplacenent 'r,o be nul-'uip1iei. by tl,'o

and. add.ed to the PC. Eut the PC points to the word. follol'rlng

the branch lnstruc'ulon, consequently

offset = (n-PC)/2 = (E-.-2)/2

v¡Llere E is the actual brarrch address.

The branch address must be v¡ithln a llnited range and. does not

use any of the PDP-11 ad.dresslng nodes" Under this restrlctiont

all branch ad-dresses are calculated- easll¡r a:rd- efficiently ai

execu-tion iine ln the following wa.y!

Branch
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f. The slgn of the offset 1s extend.ed, through blts B to 15

Èo fonn a full word- value ø

2" Thls value is rru1tlpIied. by tr,,ro to yleld the nurnber of
bytes ln the d.lspJ-acanent

3" Thls result.ls add.ed. to the PC to forro the ultfuna.te

bra¡rch ad.d-ress "

tsranch lnstructlons are cla.sslfied. as folIov¡s¡

1. Unconditlonal branch¡ BR BRa¡ch

2. Cond.ltlonal bra¡rches:

Simple: BEQ Branch on EQual
BNE Branch on Not Equal
BPL Branch on PLus
Bl.'ÍI Branch on l,flnus
BCS Branch on Carry Set
BCC Branch on Carcy Clear
BVS Branch on oVerflor,¡ Set
BVC Branch on oVerflorv Clear

Slgned.: BLT Branch on Less Than
EGE tsrench on Great e? or Equal
BLE Branch on Less or Eo-ual
EGT Braneh on Greater Thair

Unslgred": BHf Branch on l{fgher
BLOS Branch on LOwer or Sa¡ne
BIIIS Branch on HIgher or Sase
BLO Branch on L0r,¡er

UNC O}TD I1 I OI\-AL BR.fu\iCH

The uncond"itional branch

PC as described-. ther"e is no

Control is sent to the branch

loaC.s the branch ad.d.ress ln'r,o the

effect on the cond.ition cod.es"

ad-d.ress.

BR
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c o¡rp r r r oN4!_Ëts4$gëES

Condltlonal- branches are used- for d.ecision-naking" Wheiher

a branch ls successful or unsuccessful d.epend.s on ihe result of
operatlons preced.lng the branch lnstructlon as reflected. by the
cond.ition codes. rn etther case, the cond_ition cod.es are
lnspecied. but renaln unchengeC,
. The follorving insiructlons are Erouped_ tn pairs accordlng
to v¡hich cond.ition cod.e blts r¡¡111 initlate the branch. TÌ:ese

lnstructions are nutually exclusive ln ihat lf one branch is
successful, the other branch nust be unsuccessful. In each

case, the mnenonlc 1s self-ex3llanatory.

S TÌ.,IPLE C O}iI TTÏ ONALS-

I¡lith each condition eod.e bit are assoclated- tv¡o slmple
conditional branches as foLloi,,'s:

Branch on E 1oc
BE8

15

Branch on Not

7

ual- Bt[

o

1oc
BNE offset

Descripllon¡ The value of ihe z-biL ln the processor status
reElsier de|er:nlnes rvhether the branch ls taken. rf z is l,

Ð<a4g-o1es: To test for equality after a comparlson:
' 0IvIP Xry ; COì,,FAF,E X AlüD y

BEQ, SAI'IÐ ; Bturrri0î{ IF THg/ ARE EQ,UAL
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Branches

"ARRAY ¡

LOOP;

may be sei u;o to control progra.n looplngt

; ZER.o oUT AN ÄRR.AY OF 5O ELE4Ei\TTS
o= ,+10O. ;RESERVE SP.{CE FOR 50 }¡OFÐ,S
I'iov #-5o " ,R1 ; TIÏITIALT.ZE A COUNTER
IIfOV #¿2q¿Y,AE ; GET ANRAY A}DRESS IN R2
cLR (na)+ ; ZERO AN AFfr.AY ELE:,IU,üT
Ilüc Rl ;DOIüE?
ÐNE LOOP iNO, CONTINUE IF NOT ZERO

Branch on PLus BPL 1oc
BPL

Branch on MÏnu.s E4I loc
BT4I

Descrlption: The value of the N-blt d.etennlnes vrhether the

braneh ls taken. If N ls O, BPL ls successful; lf IV ls 1,

BMI is successfulc .

Exarnples: To test the sign of a¡ aritil,Tetic result:
SUB A, B ; SUBTRACT A FRC].í Ë
BMI NEG ; BP,"ANCI{ IF }trEG-¡TTIVE

' To control lteratlons:
MOV #aO.,NCOUIüT ;SEI TtiE ITER.ÂTION COUI,]TER.

LOOP:

BCS

DEC }TCOU1üT
BPL LOOP

h on Car

7

Clear

;DECREìASE THE COUXITER
; RtrEAT TF PCSITÏVE

BCS loc

o

1ocnch on Caru
BCC

the value of the C-bit detennines r,.r'hether the

62
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Branch on oVerflo'',r Set

branch ls taken. If C ls
ECC is successful"

7 e BCS ls successful; lf C ls O,

,

BVS
"BVS

BVC

DescriPtlon: The value of the V-bit deterrnlnes v¡hether the branch

ls taken" If V=l, BVS is successful; if V=Cr BVC ls successful.

Ðca¡nple: To normalLze an integ
bir:
NOffi.f ; ASL X

BEQ ZERO
BVC ¡iOPir,l
ROR, X

ZER.O¡

ËlGlIÐ ( ¿nrrH.rerrc ) coNDïTroi\ALS

Par',,icurar combinatlons of tne cond.ition code xna]' be lnspeeted

by signed cond.ltional branches. The results of operations are

tested- rvhere the value ls treated. as a slgned_ twors conplenenta.ry

integer. The hierarchy of values for signec. integers ls as

f ollorrs ¡

Branch on'oVerf 1ov¡ Clear EVC loc

15 B 7 ----õ

posltlve

zero

er r.¡lth 1 as lts ¡aost slgnif i ca¡tL

SHTF'T L!F'Î IiTSERTING A ]-OW-OroEF. O
STOP IF R,ESULT TS ZEP.O
CO1.,ITTI.IUE IF }TO SIGI,¡ CF"ANGE
RESTOF.E THE STGN

077777
*.'.'.'.u

ooo00 1

oooooo
t'"'.'.'.'

1 0000 1

1 00000ne8ative
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BLT 1oc
BLT

Branch on Greater or ual

o

B'ãE loc
BGE

Ðescriptiont The vel:ue of N

branch is taken. If i'I IXORI

V Is O, BGE ls successful.

15

reXclusive ORr

V ls 1, BLT ls

V d-eterrnines r,yhlch

successfu'l; if N rXORt

nch on Less or
BLE

T

ch on Gre ter T
BGT

Desgrlption: The value of Z 0P. (l¡

which branch ls taken. ff Z 0R (N

fu1; if Z 0R (¡l rXOF.r V) ls o, BGT

teXclusive On,t V) d.eter:nlnes

txoRr v) is 1, BLE is success-

is successful.

BL¿- loc

0

BGT Ioc

Þranple: For checking the resuli of a comparlsonl
Ci.æ A, ts ; COI{PÀF.E -¿I" .A.NÐ B
BGT HIGH ; BzuNCH IF Á, IS GREATER TIí.4.1( B

uNsrcrüÐ _( LoGrc]\L ) coi,üprTrqI\TALS

Results treated as unslgneC- logica.1 values ne.Jr

uslng unslgned conditlonal bra::rches. The hierarchy

values 1s¡

hl ghest

be

of

t est ed

logical

177777

".'.'.'.u
ooc0c2
00000 1

00co0c1ov¡est

64



BHï loc
BHI

h on LO",ver o e tsLOS

o

]-oc
BLOS

Descrlptionr The carry blt and the zeTo bit determlne whether

the branch is taken. If C and. Z axe both 0, BHI 1s successful;

1f elther C or Z ls 1, BLOS ls successful.

Br ch on liïsher Sa'ne BHïS loc
BHIS

1 o

BLO 1ocBr nch
BLO

o

the C-bii d.eter¡¡lnes the braneh.

BLO ls equlvalent io BCS"

7

rS

Ðescrlption: The value of

BIIIS is ecluivalent to BCC;

E'xanple¡ For sorting of character data:
oillB @(R1 )+',R2 ;COi''IPARE TWO CäAFêCTEF.S
Bliïs NoTLoi¡ ; ERAt\cH IF TEST BYTE NOT LOi.lER

OPERAÎ E II\TSIRUC T I ONS

Operate lnstrueiions perforn specific funetlons for the

PDP-11 hard.r'¡are. They d.o not require eJly operand.s.

Insfructions of i;his class lnclude the follor,'¡in,q;

OP
OPeration
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1. Cond.ition Cod.e opei"ators ;
CCC Cl-ear Cond_ition Cod.es
CLC CÏ.ear Ca.ruy blt
Gfu\ï Cl,ear Negatlve b1t
CLV Clear oVerflolv 'oit
CLZ Clear Zero bit
CNZ Clear Negatlve anC- Zero bits
NOP No OPeratlon
SCC Set Cond.itlon Cod.es
SEC SE'b Caruy bit
SFn\ SEt Negative bit
sEl/ SEt oVerfl0w bit
SE,Z SEt Zero bit

¿, Control operators: RTf ReTurn fron lnierrupt
HALT H^{LT
WAIT l¡¡Ait for InTercupt
RTTSET RESET
IOT fnput/Output Trap

CONDTTION CODE OPtrRATORS

Cond.iÈion cod.e operaiors

blts ln the conditlon cod.e.

fonnat;

are used- to set

All instructlons

or elear various

have the follorrinE

where bits o-7 of the cond-ltion cocie aîe set or cleared. accord.-

lng to the sef'/cLear bit bit 4 -- of the rnstruction.

The foIlor¡lng lnstructions clear the eondition eod.e bits as

specif ied. by the nne¡oonic¡

CLC

Cl,ear oVerftoi.¡ bl't CLV

Condition Coi.e O erator

o o o ¿ 2cLv
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0 ¿.

Clear Zero blt cLz
cLz

CLi\i

cifz

Clea.r Condition Cod.es ccc
ccc

the followlng lnstructlons set the condition code blts¡

sEc

sEl¡

sE,z

ê trì\T
L, J.:¡¡Y

Set Condltion Cod es scc
scc

rf none of the bit s o-3 in the lnstructlon are set, no operatlon

w111 result.

No OPeratlon NOP
NOP

Although mnenonlcs

at execution tlne
pose the follor'ring

C.o not exlst, new lnstructlons nay be created.

io aff eci d.lfferent connblnatlons of blts. Sup-

codin¿ is asse.itrblecl ln melnory at add.ress 63O9:

Neste.¡1Ys

o o o 2

oVerf1ow

a.t iv e

o o o 2

o 2 o
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630 152767
632 0oooll
634 OOOO5l

706 000240 ccoDs: lioP

At executlon time; 630 3

63zt
634 t

706 z

OOI\ÏTROL OPEP\ATORS

RTÏ

D esc r"i:ot_1gn:

and. the SP ls
lnterrupt or

d.escrlbecl- 1n

BISB #31 ,CCODE+1

152767
00003 1

':::?'
ooo2T 1

;ÈíODIFY TïîE NOP
; IIISTRUCTION

;NOP T0 BE ÞIODIFIÐ To
;FORiul A ¡iEi,¡ INSTRUCTION

$EI' I\ÏEGATIVE fu\} CÀP*ry
BÏTS

i\'ITZ
t

ReTurn from Interru RTT

o

The PC anC- PS are poppecl frorr t,he processor stack,

a.clJusted- eccord.ingry. P.Tr ls used. to exit fro¡rr a¡r

a u.ser service routine usin.q the stack ¡nechanlsm as

Sectlon Ac

Cond-itlon Cod-es: load-eci from the processor stack

HALT

Description: All processlng stops. The PC contalns the ad.dress

of the next instructlon to be executed.. ïf the Ï,.ALT instruction
ls encouniered.r â user v¡lLl recelve a-n octal dunp cf his progrâtrlr

1nc1uC.lng inforrnation about the machl-ne status L¡hen the ITTALT v¡as

d.etected.. (see the .Ð(rr conrnand. under iionltor F.equests. )
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The followlng instructlons are not inter.preted by this
slmulaiion since they lnvolve recovering control of the communi-

cations 'bus' f ron external d-evices. They are presen-r,ed. here

for the sake of conpleteness.

1IIAIT

Descriptlont The processor goes

stops fetchlng lnstructions frorn

lnstruction following the WAIT"

occurs, 'r,he PC ancl PS are pushed

ensulng F-TI instruction w111 end

at the next instruction.

Cond ition Cod,es : noL af f eci ed.

RESEI'
RESET

15

into a rwaltr state, that ls, 1t

rûeinory" The PC points to the
lrtfhen an external d-evice lntemupt
onto the processor stack. The

the rwa,ltt and resune processing

RESET

Ð_escrlptlon: À.11 external

slgnal throush tÌ:.e tbust.

0

d.evlces are reset by

Condition coôes are

sending a clearlng

not affected-.

IOT
15

Description: The PC and.

An lnput/out,put rouiine

o

pushed- onto the

control uslng

processor stack.

the interrupt

A systen-ciefined.

FS ere

i s given

vector at Location 2OB (cf Trap Instructions.)

o o 0 o
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lnpu'u/output paclia3e v,'ould provld-e real-tlme interactlon r,¡lth
external d.evices, but ls not lnclud.ed ln thls simulatlon" (See

l.4onltor Requests" )

SUBP.OUÍ INES

A subrou.tine is a sequence of instructlons d-eslgned. to

perforrn some specific task. These lnstructions are assenbled,

and stored. in raenory.only once, but nay be executed. any number

of tlmes by uslng the JSh (Jr¡np to SubPoutlne) errd- RTS (ReTr-rrn

from Subroutine) instructlons" For exa;lpIe, to invoke a sub-

routlne narned SUBR., the follor+lng cod.ing night appeer¡

JSR. R5, SUBF.
oooao

RTS R5

; LïNK TO T¡ÍE SUBP.OUTIIIE

; SUEROUTINE iliTRY POINT

; REIUPùI TO INSTRUCTI0]ü FOLLOi'II]IG

SUtsR.:

; JSR.

Subroutlne hanilling in ihe IDP-11 uses tlie stach mechanism

to d-ynamically allocate storage for linlcage reEisters. Llnkage

regisiers are autornatically saved. and. restored. Consequently,

subroutlnes may be nesteC. (viz. invoke other subroutines),

recurslve (vLz lnvoke thenselves), or have multiple entry ¡:olnts

even lf u.sing the sane llnkage reglster wlthout speclal prografr-

mlng consiö.eraiions o

where RtrG is the linkage register

SubRoutine
1õÐ
U ¡JII
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Descriptlon; The PC already contains the return ad-dress, na-neIy

the address of the rvord follov¡lng the JSR lnstruction" The

llnka.ge register ls pushed- onto the processor stack and ls re-
'placed by the PC, Now the linkage reðlster contalns the return
adCrress" then the .PC is load-ed. with tlie Cestlnatlon ad.dress,

thereby send-lng control to that location"

Cond.ition Cod es ¡ not eff ected.

Exau'nplesi A subroutine call may transfer ergu¡lents through the

seneral resi"ï;""*,:;" ""î:ï;*, 
ïN REGrsrEp. 1

JSR R4,SIN ;LT}íK TO SIN SUBROTTTINE

Çare must be taken that the returrr adC.ress is not lost by

d,estroying the llnkage register.
Typicallyr argurnents are passed. to subroutines as worrl d.ata

loca"ued. funmecliately follorvln-q the JSR. lnstructioil. (ffre .j.,rOÐ

d.lrec'tive defines a r¡,,ord of memory equal to the value of lts
expression. ) the subroutitu t*y eccess these arguments by auto-

incremeni or lnd.exeð ad.d.ressing using the llnka,ge register.
These adclressing nod-es nay be d.efemed. if the arguments ere ad.-

dresses rather than the o;oerands themselves. For exanple:

JSR R5,SOFT ;CAT,LIÀTG SEQUTNCE FOR SORT

"lfOro AF3åY ;.AÐDRESS OF ¡ÃR{Y TO BE SOF.TID
.1.troy. 

:t:" ; SIZE oF riIE ÀRR/IY

SORÎ : irTOV @( R5 )+, R1 ; GEr ARRAY AIIDRESS
r.fov ( R5 ) +, R2 ; GET rTS 5r ZE

coaaa

RTS R5 ; RETURN

Two routines r:nay sl¡ap program control and then resuae
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operation

rouilnes¡

v¡here fhey l-eft off "

, The PC is e:rchanged

JSR PC, (SP)

routlnes a?e called- rco-

the top elenent of the stack:

TO CO-F.OUTT}{E

Such

l¡1th

; LTNK

RlS

Descrlption: The contents of the llnkage reglster (tne return
add-ress) are load-ed- lnto the PC. The top element ls popped. off
the processor stack lnto the l-inkage reglster, ^,,hus restoring
lt to lts original valueô

Cond ltion Cod.es ¡ not af f ec'r, ed.

Be¡np1e: À subroutlne may need- to sa.ve all the re3isters on the

stack, then d.o its processtng, and then restore the regis.r,ers

before returnlng.

JSR R5,SUBR ; CALLIIVG SE'IUE':CE

;R5 PUSHED BY THE JSR
; F.5 AT THE BOTTO},I FOLLO'I{Ð
; BY R4, R.J, R2, R1 , I,r\lD RO IË
;.Af THE ToP

;PROCESSTìùG FOR SUEROUTTI'TE

; REõÎOPõ P.EGISTERS IN P.EVERSE
; OÐER. f 0 HCid TF;EY '',,IER.E S-t:VÐ

; R5 IS P.ESIOF.Ð BY TlíE F.TS
; B.ETUPòT

SUBR: t40v
T'ÍOV
MOV
TdOV

MOV
oo

Òa

TVTOV

l,!OV
r.f0v
i{ov
MOV
RTS

R4,-(sr¡
Ðz /colLtJ t- \ ¡J¿ /
R2,-(sr¡
Rl ,-(sr¡
1o:-!"'
aoo

(sp)+rr.o
( sp )+, Rt
(sr¡+.R2
(sr¡+,RJ
( sr ¡+, R4
R5

fro¡n Subroutlne
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TRA,P TNSTRUCTIONS

Trap lnstructions are progra:nned- interrupts used as subrou-

tlne calls to user or lnstallation d.efined routines. As ln all
lnterrupts, the cument Pc and Ps are pushed onto the stack¡ âfid.

the new PC and. PS are loaded. from aÍL approprlate lnterrr-rpt (trap)
vector, Ïn ad.d-itlon, the 1o'¡¡ ord.er byte of the lnstructlon may

be used, to tra¡smlt lnfornation to the trap-handllng. routine.
With the exÞansion of this pDp-1 I slmulatlon, these trap

lnstructions might becorne requests to a-n operatlng systan for
some user services such as input or output, d.ebugging aldsc or
systen llbrary functiorl..6 (See ],lonltor Requests. )

EI4T

Ðescr_lptlon: Arr lnterrup't, occurs using the trap vector a'u

location 3Og. the Iow-ord.er byte of the IT,i? lnstructioie,
blts O-7, contalns lnforinatlon for the eir:ulating routine -- a

total of 256 dffferent cod-es, o to zj5" The ner¡ pc is taken

fron the lvord. at locatlon 3og, the ner.¡ Ps fron locatlon 328.

Cond-ltion Cod.es: load.ed. fron the trap veetor

TRÄP X,lO(
TRAP

Des_criptignt An lnierrupt occurs using the trap veetor

loca't,lon 34o" Othen+ise, TF¿P arrd. E"iT ale ld.entlcal.-cl

loaded from the Ërap vecior
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I{O}ÏIÎOR P.EQUESTS

In ord-er to lm.plenent a batch-processlng PÐP-11 facility

'ln the absenee of a fuIl-scale operating systen rnonltor, cerNa.ln

management and. *""" servlces had to be provid.ed." This lras accotri-

pllshed- withln the PDP-11 hard.v¡are envlror¡nent by lmbedd.ing these

ser'¡ices lnto the tnterrupt systea as exteni,lons to pAL-1lR

Asseiably Language. BtenC,eò nneraonlcs vrere d.evelo.ced for ihe

Assenbler so that these rnonltor requests could. be assenbled- into
a user progran as special trap lnstructlons" At execution time,

the processor staclç a.nd. an interrupt vector are invohed exa.ctly

as for any regular trap lnstruction. In factr ã. Þrograrnmer nay

code the ¡nonltor request by its PAL-11R. eo-uivelen'r, instead. of

the extended mnemonlc ancl obtain the sane results"
The basic support services avalfable as nonitor requests

are as f ollorvs ¡

. Ð(ï1 ÐaIT to the system

.DUI'[P aeaory ÐUi'F

Input/Output Macros¡

I{UL MULIiply
ÐlV DIVide

Pf.Ii\TT Character
PRINT Octa.l
F.EA¡ Cha¡'a.ct er
REAÐ Octal

PRINTC
PPJNTO
RE.ADC
REAÐO

. E)(ïT

EgrveÀen!¿

D esc rl_pt :i on :

ñtñ
-r-f r

the last executable stateinent Jn a. Ð{IT nust be
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t¡ser progra,ll" It termlnates processing of thai Job and. returas

eontrol to the ¡systenr o Thls enabJes all paranreters to be

re-lnltiallzed for the next Job ln the batch, The HALT lnstruc-
'blon¡ o11 the other hand., ls lnterpreted. as an ll1eEa1 instruction,
and u,'lll bring about a inemory du¡np 1n ord er to return to the

syst en.

.DUMP

Equlvalqnt: ' E{T 3

D esc ription; .DUltfP

ln octal notation of

.DUl"iP wlll tenninate

syst atr.

prints on the output 11sðing an absolute copy

all core allocated to that prograrï. Thls

all processing of that Job, afrd. exit to the

INEUT' I'TJPUT _1,1AçRæ

3, macro lnstruction l-s a source statenent. The Assenbler

generates a sequence of PAl,-11R agsenbler languale siatenents for
each occurrence of a nacro. These generated statenents are then

processed. like any other asse¡nb1er language statement. Eaeh tfuoe

a 6lven macro appears, lt ls replaced by the sa,ne sequence of

lnstructions.

The use of these naeros slmpllfles the codlng of progreus

by stand.ardlzlng all requests for input and output. liowever, a
programner may code the qaero expansion sta,te,tents by hlnself ,

instead of calling the macro by lts mnenonic nane,
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The format for these t/O tlacros ls the sartes

MACRO SOURCE, LNIGTTI

where SOURCE is the ad-dress of the d.ata to be printed or read;

LÐüGTH ls the number of word.s (octa1 mod-e) or bytes (char-

acter.mod.e) to be prtnted. from or read. lnto tha'r,

gourc e.

There are two modes of d.ata transfer¡ octal and- eharacter. In
octal mod.e¡ â word. source ls requlred.. Each word. ls treated. as

a 6-dlglt octal number. In character mod.e s arL! byte ad.d.ress may

be specifled.. Each byte is treated as a binary B-bit ASCII

character as tabulated ln Append.lx A"

Macros dlffer only ln thelr Il'fT cod.es" The mecro expansion

ls as fo11or,¡s:

MåCRO SoUPCE,LEI'TGTI{

+ MOV #T,NqgTg,-(SP) ;PUSH LEVGTH ON- STACK+ I'ÍOV #SOUNCC,-(SP) ;PUSH ÀDDRESS ON STACK+ Ð.iT N ; E:,iT CALL FOF. I/O
where the plus slgrr (+) ln coLu.mn 1 of the output llstln.q lndl-
cates a nacro etc.oarrslon. Note ihat the mecro requlres 5 word.s

(tO Uytes) of menory. None of the varlous ad.dresslng mod-es may

be used. for either ¿rgunent. Progranmlng eruors ln roonltor

request nacros are d.iscovered. after the macro exÞansÍons have

been c reat ed. .

PRINTC

Erpansion¡

PRINT Character

PRINÎC SOUFCE, L$TGTH
liOV #Ls'riçrH, - ( SP )r'fov #souncn, - ( sr )H4T 4

+
+
+
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DC-gcriptlon: The nunber of characters specif ied. are prlnted" onto

the output listlng. Up to BO characters nay be prlnted- on any

one llne, (vLz", 1åLIÀTGTHé80.) ff no ASCII cod.e exlets for the

d.ata, blanks are inserted"

PRINTO PRINT Octal

Bpanslon: PPJNTO SOUPCE, Lm{GT}l+ MOV #r,nlctti,- ( se ¡+ i'fov #soupcu,_ ( sP )+ Ð\fT 0

Desgrlptlor]: The number of v¡ord.s specif ied. are printed- on the

output llstlng as 6-d,igit octal numbers, wlth up to elght word.s

per Ilne, (v12., 1¿LBTGTIìá-8.)

READC F.EAI' Character

Expaqsion: REAÐC SOUPCE, LBVGTH
+ MOV #LmsCrH, - ( Sr )+ MOV #SOUnC¡,- ( Sp )+EMT5

Ðescrlptlon: The nu¡rber of cha.racters specif 1ed are read from a

data card and- stored. lnio successive bytes aL the source ad.dress.

All 80 columns of a data card ape read one character per colunn

-- untl1 the requlred ntmber of characters a,re read. The para¡ne-

ter LEIGTH must be betr^¡een 1 and BO"

. REAÐO RÊAD Octal

Expansrlon; REAÐO . SOUPCE, LÐüGTH+ MOv #lurveru, - ( sr )+ l.fov #sounc¡, - ( sP )+ H"IT 1
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Descrlption: The nunber of v¡ords specif led. ane read from a
d.at,a card and. stored. lnio successive v¿ord-s startlng at thê

source address. Each word. ls 6 octar d.lgrts 1on6 and. ls ta]ren
'from the d.ata card- as a 6-colunn fleld.. Up to elght rvords may

appear eontiguously on any one d.ata car-d.

columnr
ffoFÐl l'Joro2 -'¡forcl 'ï.¡Om4 1.f0ro5 \'fOÐ6 1,{0ro7 t¡10Ð8
1717 19253t3743

MUL AND DTV

The FDP- 1 t has no hard.ware instructions f,or multipllcation
or d-lvlsion. These operations may be carleC. out by a serles of

shlfts, additions and. rotates, The monltor requests l:,iUL (tiUf,tipfy)

and DIV (pfVfae) were lncluded. to free the user from thls restrlc-
tlon by provid-lng systern-d.efined routines avallable as TP.AF

lnstructions.

Argunents are passeô to the nultlplicailon and. dlvislon
routlnes in the follor'¡lng rreyi

l. Register O nust contafn tfre address

(tne nulttplicand. or the d-1viC.end-. )

2. Reglster 1 nust contain the address

( tfre rnultipller or the d.lvisor. )

3" The results. are stored. as tl¡o word.s

locat ion.

The prograiLaer must ensure that the proper

placed. lnto the reglsters. No operancls may

actual l''lUL or DIV request

of the flrst operand.,

of the second" operand-,

at the first operand.

ad.dresses have been

be specified. 1n the
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MUL

-Equig_f=e4!¿ TRAP

Descrlptlon; The. add.ress of the nultiplicand. is in Register 0"

The add-ress of the multlpller ls ln Reglster 1. Á. d.ouble-r.¡o¡.c1

product 1s calculated and stored. at the nultlpllcand. adiclress,

the hlgh-ord-er wor"d- flrst, the lov¡-crd.er second.. The orlginal
values of the multlplicanà and. the foll_or¡¡ing lvord are lost.

Exa:nple:

Example ¡

Mov #r¿cÀNo, po
tfov #i'æltnR, Rl
[fUL

DTV

Equlvalent I TRAP

Descriptlon: The ad-dress of the d-lvid.end ls ln F.eglster o. The

ad.dress of the d.ivtsor is in Register 1. !.fter .r,he d.ivislon, a

word- rec'lainder and a word. quotient are st,oreC. 1n successlve worcìs

at the dlvid.end address; the orlginal values of the d_lvid.end. end_

the followlng r¡¡or=d. are 1ost.

;I'fiJLTfPLICrt-\lD ¿ÐDRESS Ir\ RO

;I.ÍULTIPLIER A1IDRESS IN R1
; TRAP TO I.ruLTIPLY ROUTINE

;DIVIDEIiÐ AÐDRESS IN RO

;ÐIVISoR ¡DDRESS TN Rl
; TR}J TO DIVIDE ROUTINE

Mov #oIv¡tru, Ro
¡4OV #ptVOn,Ri
DIV
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ASSfr:.fBLER Ð IREcT IVES

Agsembler d.ireciives are requests to tne ¿ssembler to perform

certaln operations aL assenbl¡r time.5 These dlrectives nay gene-

raLe ð-alat cause storage areas to be reserved. for r"rorklng space,

or alter tkre locatlon counter" Assenbler d.irectlves form the

operator fie1d. of a statement; hence only one dlrectlve may

appear 1n anÍ one stateaent. The d-irectlve nay be preceded. by

a 1abeI or follov¡ed. by e coxxment. The number of operand-s (ff

any) varies f rom d.lrectlve to d.lrectlve.

The assenbler dlrectlves, summaLized ln AppenC.tx F t ê.Tê

presented as f ollov¡s:

"STD Ei\Ð of progran

Dala generatlng; C,irectlves :
.WOFÐ VIOro generator
. BYTE BYI'E generator
. RAÐ50 RADIx 50
. /\SCII ASCII charact ers
.LII,IIT progran core LIÌ'iIls
.E'fs[ EVU\] the location counter
. TITLE .mod.ule TITLE

Progra.n sectloning d-irectives I
.ASECT Absolute SECîion
.CSECT relo0aiable SECTion
. GLOBL GLOBaL syrnbol

Cond.ltional assembly d lrectives :
.IFDF IF DeFineô
. ÏFNÐF ïF Not DeFined-
"TFZ IF Zero
.IFNZ IF ltlot Zero
"ïFL ïF Less than zeTo
.ïFLE IF Less or Equal to zeTo
"ïFG ïF Greater than ze?o
.ïFGE ïF Gr=eater or Equal to zero
,¡lüDC HVD of Cond.ltiona.L
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. E\trD
" n\-D E

Descriptton¡ The .Ð[Ð dir.ective indica.tes the physica]- end. of
a source prograrr" ft nust be the last statenent of any Job"
The .U{D d-irective is followec. by one operand v¡hich specifles
èhe startlng ad.d.ress for executlon of that prograa. Thls
address ls passed. to the fnterpret,er at execution time.

ÐATA .GENER{TTIVG DTP.Eç TTVES

.1ÁlO,Ð .1¡l0RÐ El ,E2rEJr ooo

Desc-rlptlon: The .l¡ÍcÐ d-irectlve generates successlve word-s of
data equal to the values of 1ts operand.s. There m¿y be one or
more operands se;oeratecl by corïra.s. Each operand generates one

da'va. rvord-. ¿n operand- may be any lega1 expression. values
exceeding 16-bits are fla.ggecl exd tru,neated from the 1eft to
r'¡ord- quantities. rn ac.d-ition, ln any statenient w-here no lega1
lnstructlon is specifred-, or there is a lead-lng arithmetlc or
logical operator, the .1'Í0ro d-irective is assuned by default.
BamPles:

Suplose .=2160 (octal) and X=15. (OO1Z octal)
2160 | 104567 Lå.BEL I ,'i,ÍOÐ 104567, X , L¿eBii i O2162: OOCO17
2164t eo7lTo

Mlssing operand.s are stored. as zerosS0oooo0 .f,.foro ,25,
000025
ooooco

ïnstruction mnenoirics may appeer as word d-ata¡100000 .ÎfopÐ iofov,ixc- tüov=lggooo ocr¿i,
. oo52oo trNc=oo52oo oci¿i

.ITTOP.D is' d"efault for missing instr.uctlons ;OO0O0O VALL.,E; Or5,1O
000005
0000 1 0
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" BYTE . BYTE E1 sEZ gE3 t o o ô

Descriptionl The .BYTE d.ireetive Seneretes bytes of data 'equal

to the values of its operand-s. Each operand generates one byte.
'Va1ues exceeding B-blts are flagged and- truncated. to a byte
capaclty 

"

smple ¡ V ùLF 32. ; O4O OCTAL
o00 .ryTE orVAL, ,1
040
o00
oo1

, RAD5O , RAÐ50 /CCC/

Description: The R¡,!50 d.lrectlve generates the R..AÐix 50 repre-
sentation of up to three ASCII characters r,vithin the d-elimiters.

The general fonn of the directlve ls:

.RAD50 /CCc/

wher.e the slash (or any ¡{SCII cha.racter except = oF ! ) ls the
delimlter, and CCC represents the characters to be converted.,

chosen anong A to Z, O to 9, tl, . and. bl-ank. Radlx 50 notation
enables three characters to be packed. into one 16-bit rn¡ord.

(calLed. a triad) as follows:

1. Each character is translated- into a radix 50 cod-e as

tabulated. below:

Character Rad_lx 50 Cod.e (octal)

blenk O

A-Z 1-32jlfi31
o-g 12-u,

2. If there are fewer L]nan j cnalac.vers, they are consid.ered.

to be left.- justif iecl and- trailing blanics are inserteC.. Characters
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beyond. the thlrd place are iEnored.,

3. The radix 50 triad. for C l r|zr;a ls for,ued. fron the above

cod.es as f o11ov¡s ¡

TRI¡Ð = ( (Cl r, 50) C2) t-.. 5O _ A3)

ExanTple: ALl symbor nanes used by the Assenbrer are stored. a.s

üwo paclced trlad.s ln radlx 50 notatior:..

"RAD5O ?AÐC? ;GÐ{EP$-TES OO3lt+3 OCTAL

' 
?, IS lHE DELII4ITER

. ASCTT

Descrlp^r,ion: The .Ascrr directlve generates strings of AScrr

characters as tabulated- in S,ppenclix A. Each character fills
one byte of merûory. Thre g:eneral fonn 1s as fo11or.¡s:

.AScfï / oo.cc text "...o /

where the text ls arry string of characlers, and. t,he delinlier
may be any ASCII cha.racter (except = or ¡ ) tha.t is not used

ln the text.
anple: O4O .ASOII / tt6mt/

127
110
101
124
077

. TITLE . TITLE syrnbol

Descrlption: The .TrrLE d-lrective 1s used. to narne the obJect

mod.ule" Otherwise, by def au1t, ti:e nalne t .l¡iAINt ls used.

The following d.irectlves d.o not reo.ulre argunentsr €rid any

present are ig:noreö..
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" LII'lf T meaorir LIì.iITs

Description¡ The .LIjIIl d.lrective generaies tv¡o v¡ords oÍ data

lndlcating the absolute meaory locations of the rnachine cod.e as

relocated. for execution. The flrst r¡ord" ls the ad.d.ress of the

flrst byte of cod.e; the seconc. ls the ad.dress of the byte after
the last byte of cod.e" These ad.dresses are alvrays even si-nce

all prograns a?e allocated. core ln v¡ord quant,ities.

. g,y'EÑ

Descripj-t.qni lhe .EV$T d.irectlve ensures that the asseably

location counter is even by adding 1 if it is oö-d_,

PROGRA].Í SECT I Oliltie Ð TitECT IVES

The å,ssenbler aIlows eight progra¡i sections3 an absolute
sectton d"eclared. by .ASECÏ t Ð.Ã unnaned. relocatable section
d.ecl-arecl by .CSEÛTr â.rrd- six'naned relocatable sections d.ecl-ared.

by .CSEÛT S:lvlBOL v¡here SY}.íBOL is any 1ega.1- syinbol narteo

The Assenbler naint,alns s€parate location counters for
each sectlon. consequently, sectlons may be lnterrupted and.

later resume v¡here they left off , so that lnsiructions not cod-ed.

contlguously rriay still be assenbled- into eontiguous neïory

locattons. Á,ny 1abels appearlng on the ..å,sEcr or .csEcr direc-
tive are asslgned. the value of the location counter before that
d.irective takes eff ect.

. ÄSECT Absol-ui e SECTion

Descrigbi_onr .ASEcr declares the beginninE or the resunption
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of an absolute sectlon. The flrst appearance of an ,ASEÛT

assu,nes the loeation counter 1s absoluie zero. subsequent

appearances l-oad the location counter l¡lth the ad-d-ress of the

next availal¡le locailon for that sectlon. á.11 l-abels ln aìl

absoluie seciion are absolute" The .ASE01 d.iree'r,ive renains

ln effect until a¡rother program sectioning directtve 1s issued,

AbsoLute sec''ions are loaded lnto core at the locations specified.

by the proeratnmer. For exa¡rple;

.A'SECT ;START .4"\ ABSOLIJIE SETIIO}I
o= 500 ; AT l4Ë\iORY AÐDF€SS 5OOB

.CStrCT relo0atable SEtTions

. CSECT SYI{BOL

Descriptiorll .CSECT ld.entlfles the beglnnlng or the resuiaptlon

of a relocatable section. If a syrnbol na/res the .CSEÛT d-lrective,

tha.t s¡nnbol is established. as the na¡re of the sectlon; otherwise

the sectlon 1s consid.ered. to be unnailed. ?he S.sseinbler autoaa-

t1cally begins assenbly rvith an unnained relocatable sectlon

unless lnsr-ructed" othei¡¡¡ise. The f irsi appearartce of the .CSECT

d.lrectlve assuines the locatton eou:ntei' is relocata.ble zero.

¿\11 statenents follor,ring the .CSEIT are assenbLed as pert of

that sectlon untll a d.irective to the contTary ls encountered..

Further .CSECTs resune asseiûb]y r.¡here that sectlon left off .

All Iabels ln a relocatable section are relocatable. F'or execu-

Èionr all relocatable sections are load.ed contiguously into the

hlghesi available core locaËlons. ThLs leaves nexiirruxl unused.

core avallable for 'r,he arocessor stack.
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Each secilon is asse:nbled. inrlepend-ently lnto contlguous

areas of core¡ å.nd. s¡rnbols d.efined. ln one sec'ulon have no reLa-

tionshlp to synbo'] s d.eflneC 1n another unless speclfically

equated. by a "GLOBL d.lrectlve"

" GLOBL . GLOBL SYi,íl ¡ SYi'f2, SYI,IJ ' o o o

Descrlptlon: The .GLOBL d,lrective all-ows varlous prograln

sectlons tc co¡nnunlcate r¡¡1ih each other by d.eclarlng synbols

as g1oba1. A global symbol may be an entry point that ls,

d.eflneô 1n the curcent progra-a section -- cr an external symbol

that is, defined. in another progra:n section. A sy;rbol ls

not global unLess it appears 1n a .GLOBL directive" Thus, a.

s¡rnbo1 d.oes not becone Elobal by appearlng ln a dlrect asslgn-

ment stater:aent l¡ith a gIobal sy:lbolo

C OND ÏTÏ ONÂL ¡\SST,{BLY DIRECÎTVES

Cond-ltional assenbly d-lrectlves allo-v¡ the programmer to

lnclud.e or d.elete a sequence of lnstructions fron the assembly

process d.epend.lng upon certaln cond.itions.

Ðlrective

"ÏFZ E

. ÏFNZ E

.IFL E

"IFLE E

.TFG E

" IFGE E

Cond-ition

lf E equals zero

lf E ls not zepo

1f E ts less t,han zero

lf E 1s less or equal to zeTo

if E is erea.ter than zeeo

lf E is greater or equal to zero

86



Dlrectlve Condlt_ion

lf EL ls defined.

lf EL ls not d.eflned

. TFÐF tr,

.IF}|DF EL

v¡here E represents any expresslon

EL ls a logical expresslon of s¡rmbolle names and. logical
operators & or I

Ðcpresslons are evaluated fron left to right" . If the

cond.ltlon ls met¡ all statenents up to the natching .Ð[I)C (ntO

of Conditional) are assenbled. Otherv¡lse, these siatements are

l.<rored, Conditionals nay be nested- to a depth of 127 " Syntax

errors (flagged '8t) w111 result from nlsslng or extra .Ð[DC

d lrectives. Labels nûay appear on cond.itional staie:rents, but

are lgnored. lf the cond.ltion is not net.

Exanole:
.IFDF XIYPÉ,Z ;ASSE"IELE IF (TTTUNN. X OR Y IS

;D&'INIÐ) ¿tW (Z fS DS'Ii';Ð)
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SECTION E OPER.}"TI}IG PROCÐURE

The follorving sections explaln hor'¡ to subnit a progra.¡û to be

executed by the PDP-11 slnula.tor.

CONTROL CAFDS

control card-s are used. tc dellmit a Job as shorrn. Each

control card. musi begin ln colrrnn 1 .

urc e program

W
ff no optlons are eocl-ed_, a Job r^il11 be assellbled., load-ed.,

and executed. using 2i( l¡ord_s of nennoryr end. alloning ! seconds

of executlon time.

These d.efault options may be overridd-en by specifylng the
folloning parameters on the íl.ros card.¡

1 . Hecutlon Option | ( Ð(EC=O )

Ðcecution of a Job can be omltted. by specifylng ffiEC=ô

rn thls case, the Job ls assenbrec and an assønbly llstrng is
prod.uced.' Otherv¡ise, execution rvi11 be assumed"

$.ron (

J 
"or-1 

iR so

t
I u"t* cards

tx/

B8



2" line Op'r,lon; (ftlq=nn)

An executlon tlme of up to 35 second_s may be requested_,

ff a user prograa has not, conpleted- rr¡tthln this tlme, a .Dullp

1s lnltiated" Default is 5 seconds.

7" þIaximgur Core Qgtion¡ (i'tgX=-rn)

The PDP-I1 may ad-d-ress up to 12K ,¡ords. of menory" The user
nay obtaln any size of core fron 2K to jeK for the execution of
hls prograa. Default ls 2K v¡ord-s o

Job optlons must be pla.ced. on the {i,rog card. startlnE in
colunn 16. The entlre optlon keyr.rord or only the flrst letter
nay be cod.ed-. Each keyworrl must be folror¡¡ec by an equal slgn (=)

follor\red by one or tvro d-igits. optlons na,y be speclfiec 1n anl
order, but must be separated. by comnas, wlth no blarlks allowed;
for example:

$,ion Ì¡lAX= 1 6, TItí= 1 0, Ð(ES= 1

Assenble, load and. execute uglng 16Ií v¡ord.s

of menory and- lO second-s execution tlne.
comrnents or user ldentification may be includ.ed- on the 1$Jon car.d

by leaving one blank after the option field

fn orcler to use the processor stack -- and_ therefore any

trap or t/O lnstructlons -- a progranmer must first lnlt1alize
the stack polnter, reglster 6" slnce a program ls loaded. lnto
the hi8hest menory locationsr all core above the physical begin-

nlnE of the roachine cocie 1s unused.. Thus the stack poln'uer xray

B9



be set by writing the first instruciions as follo'¡rs:

SP=i1"6 ;D¡fïNE SP -AS REGïSTER 6
START; IfoV #sr-aRt,Sp ;SET TIIE STACIí POINTER

aaa""

. . HflD START

THE PROGRAJIT LISÎIÌSG

A progran listing contains the follorrrlng lnforuation:

1 . ASSÐ.IBLY PAR"A,}4ETEIìS

The first page of ouiput serves to separate the varlous

Jobs ln the batckr. In add.ltion, 1t lnclud.es a copy of the ii.fOe

cardr a suramary of the assenbler options in eff ectr a¡rd the

absolute memory address of the start of the machine code.

For example:

.*ir':r+rlr-:a+¡-¡íìii'c ppp- 1 1 ASSEfBLEp, OpTIONS ¿!{i-.}i-x-.:?*i'*.:i.*rs

ASSm.f BLE, LO"qD, SÁEC UT E

¡¡dXIi4U-Ì.t Ð(ECUTIOITT Tfi;iE 5 SECOIDS

¡{ÁXI¡,iUj,I CORE 2K i'¡OÐS

ORIGII\T AT 007746

2. SOUIìCE PROGRU.Í

^4. sld.e-by-sid-e copy of the source statæents and. the nachine

eod-e equivalent ls printecl out with 55 lines per pa8e¡ 3-ï1d sub-

tltles explalnin.,q the various entrleg" (See the Satnple Pro3ra¡ls. )

The listing eppears ln the follo',.ring format

E LLLLLL 0OOO0OA \h:ilrri SSSSSSSSSS,. o . o oS
000000
oooooo
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(a) E represents an error flag as tabi,rlated- in Appenclix G,

(U) The L-fle1d represents a 6-Clgit octal address of the

memory locatlon ln v¡hich the nachine cod"e is assuned. to exist.
In most eases, thls 1s a¡ tapparentt add.ress slnce all reloca-
table sections are. loaded. into the highest available menory

locations" The å,ssenbler pa.raaeter oRrGrN speclfies the

absolute locatlon of I relocatable zerot .

(c) The O-fleld. represents the machlne code in octal notailon,
Any lnclex word.s (a maxlmum of two) generated by the Assembler

are 11sted d.lrectly under the machlne lnstructlon" No address

locations preceC.e these lnd.ex words slnce the ad-C.ress ord.er 1s

sequential. For a dlrect assigrunent statenent, the vaiue of

the deflnlng expression 1s printed. in the obJect code field.
although it 1s not actually part of the generaied- machrne

lnstructions" For a .BYTE d.irective and. ax ..à.scrr d.rrectlve,
the obJect coC.e f le]d" is 3 oc'r,al d-iglts"
(a) the tÂt ls a relocatlon flag -- represented. on the listing
by an apostrophe ( t ) -- rvhich indicates that the second. or third.
word of the machine cod-e is a relocated. ¿d-dress constant. '.¡Ihen-

ever en absolute menory ref erence ls mad.e, the Assenbler ensures

that the coryespond.lng ma.chine cod.e speclfies the relocated.

absolute ad.d.ress. Horvever, slnce this value is meanlngless to
the progra¡nner, the unreloca.ted symbol table value 1s printed.

on the listing
( e) Each source statement is assi8ned a statement nu-mber by

the Assenbler. The N-f1etd contains this statement number as

a 4-atgit d-ecimal integer,
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(f) The S-fie1d- represents the BO-character source statenent,

SN.1IBOL TABLES

The User S¡mbo1 Table is printeC- out in alphabetical ord.er

r¡¡lth three symbols per llne in the f ollor^¡inE f ornat f

L--\/----J

.CSECT icientifier

The ld-entifylng characters lnC-icate ihe attributes of the

symbol a 1abel, direet asslgir-nrent, register s¡m.boI,

relocatabler absolute, or g1oba1" If e s¡nnbol 1s unclefined.,

six asterisks replace lts vaIue. The "CSECT ld.entifier is
left blank for syrnbols d.eflned. ln an .ASECT or a¡. unnarned-

.CSEÛT since they can be lC.entified. by the absence or presence

of the tRt respectlvely. Syrobols bel-ongln.e to named .CSECTts

have the IDts OOZ through OO7, l¡here the n'th named. .CSECT ls

assignedr the ID n+l.

fmmed-lately follol¡ing the synbol table listlng is a

sultrnary of the .CSECT naiaes l¡lth their coresponding orlgln,

lengfh, and. ID numbers.

" CSECT ORTGT}Ï

4. ERROR DIAGTToSTTcS

LM(GTH ID

As noted, an error f1a8 appears on the l1ne where that

ercor ocóurred." .l;Iore tl:an one error nay be Cetected. ln any

one source siatenent, but only one error flag ls printed- on

that statenent. Fioviever, at the end. of the llsi,ing ls tabu-

ass
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lated a complete suünary of all the errors ln the pro8rarn"

This sunmary appears ln logical order by statenent number and.

lnclud es arr ex;olanatory d.lagnostic message f or each emor" For
examPle!

3 STATEÍEDTTS Ë'LÀGGEÐ TN TIJTS ASSË,{BLY

STMT TYPE TÍESSAGE

17

21
28

R REGTSTE.R-TYPE ERROR .- ÐCPRESSTOI\T NoT IN T¡{E
R.ll,NGE O T0 7U UNDEF IÀTIÐ SY],,IBOL -- ASSIGITÐ TäE VALUE ZfÃ,O

A QUESTTOI'IABLE SYNT¿X -- TLLEGAL sEQUn\TcE oF
OPER.{TORS OiÎ. SCAN IITCO}/IPLEIE

In additlon, certaln cond.itlons nnay teryulnate the assenbly
of a user progran. rf this hap-oens1 ro progrelr llsting 1s

ere¿ted-, ancl one of the folloling error nessates ls printed.r

lÈ-)';*ê:"rJê sys!H"f ERROR Jr.täti-r*r-r

JOB C,Ai'[il-OT BE PI?OCESSÐ

*è-Fi$iîe syslEti ERROR -;i-x-r$J+-x-

SCRATCH ARTN BIIFFER HAS OVEFLOI,Í¡I)

SYi,ÍtsOL TABLE OVEN¡-LOW

ïf the end.-of-prosrar''n delinlt"¡ +y' ls encountered. before an

.EITD d-irectlve ls read t ârr.Ef,ID card is genera.tecl end- assembly

continues. Hoi,rever, lf a ner{ $,yo¡ card- 1s encouniered., the old,

Job 1s aband.oned_ v¡lth the nessage3

r++iàè I"ÍISSING CO¡ITROL CArc àq-,yri JoB ABANDONÐ

W
The foll-orr:lng a,re prograii 11stln.rs for three sa:np1e problens

using the PDP- 1 1 sinulator"¡
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ÐLA]'ÍPLE 1 r Program tc conpute the factorla.l of aTL lnteEer

o00000

000004

oo00 1 0

0000 1 4
0000 1 6

oooo22
oooo24

ooooJo

ooo034
ooool6
ooco40

0o0046

000052

0o0054

ooo060

000064
oooo66
ooo070

oooo74
000000

CODE

ooo000
ooooo 1

o00006

o127061
oooo00

o12746
ooo00 1

o127461
ooo074
1 04005
oo5767
ooo052
oo3414
o127OOl
ooo070
0127011
ooo074
1 04400
102413
o16767
oooo26
ooo022
oo5367
oooo22
oo1364

o12746
ooo00 1

o127461
oooo7o
1 04000
104002
ooo00 I
ooo00 1

000000

17

1B
19 OUT:
20+

i{UL
BVS
tfov

I
STARÎ:

sTl'fT

1

2
3
4
É

6
7

c)

9
10

11
12

13

14
15
16

SOURCE STATEÌIITÄIT

tlÂñrî¡l ¿lVJ-.

I4OV #nUi.i¡sR,-(6)

TST NUI,(BER,

BLE OUT
14OV #nnSUlt, r,O

Mov #NU]¿BER, Rl

OUT 1

FESULT+2, RESULÎ

Ro=/Ð ;DEF rltE REGTSTER SYLIBOLS
F.l="/"1
gy=/"6

¡,{OV #SI¿RT,ST ;SET STACK PoII\TTER

REAÐO NUI,ÍtsER¡ 1 ;REAÐ A NU¡.{B&R!Íov #1 ,-(6)

;TRAP FOR r/O REQUEST

; Ð(IT IF NEGÀÎIVE
; I4ULT IPLI C,AI\-D AÐDRESS

; Ì{ULTIPLIE^R AÐDRESS

; MULTIPLY
; Ð(TT FOR 9VERFLOïÍ

; TRAP
; Ð(IT

21

22
cz
a)t¿.1

25
26

+

+
OUTl r

RESULT:

NUÌ.{BER;

DET NtJi{tsER

BNE FAC.I-
PRINTO RESULT,1
i,ToV tt r-(6)
I'IOV #RnSUr,r,-(6)

H{T O

. Ð(ïT
1r1

o
. H\D START

;DEcR$'rdvT II{TEGEF.

; COITTINUE IF IVON- ZERO
;PRTNT THB FACTORIAL

F OR r/O REQUE,ST

ouT o0oo54RRO -fæOOooO
START OOOOOOR

SYI'ÍBOL TABLE

F.A.CT OOOO24R NUMBER OOOOT4R
ouTl 000066R RESULT 000070R
Rl -/AOOOO 1 SP =/"O00006

CSECT ORIGTII Ltril-GTT{ ID
.MAIN 000000 000076 001

NO STATE},ÍÐ{TS FLAGGED IN THTS ASSN"íBLY

94



Ð(A],[PLE 2 ¡ Progralr to generate a histo6ra:n

CODE STI"ÍT SOUII.CE STATE,ÍilST

;FfNÐ OF GIVÐ'T VALUES

; SET THE ST¡-CK POINT&Ð.

;OUTPUT TABLE AÐDRESS

;1OO EìüTRIES

; ZER.O NÐ,(T Ð,TTRY
; CIiECK IF DONE
; ïF NOT, GO BACI(
; SET' IN?UT POTNTER

; LEr\STti OF INPUT 
:

;LüXIì.,íUi4 INPUT VALUE

; GEI Ài\T Il'iPUT VÀLUE
; IGITORE ZEP,O CR LESS
; COIGARE T0 U?PER Lft4fÎ
; IGNORE TF GREÀÎER.
; 2 BYTES PER Eì,{TRY
; INCREì"lElrlT PROPER. F.NTFY

; IIüPUT DONE?
i lr-0, F.IFEAT
; COI.fPLET'E
; RESEPJIiE FOR OUTPUT
; RESERVE FOR Tì{PUT

1

¿
7
4
5
6
7
B

9
'lo

11

12

13
14
15
16

17

1B

1g
20
21
¿¿
D7

24

25
26
27
28
oo

3o

T}iE FREQUEI\CY OF OCCUF.EIÏCE
OTABLE; OUTPUT TABLE
ITABLE; INPUT ÎAELE

000000

000c04

0000 1 0

ooo014
0000 1 6
ooo020
oooo22

oooo26

ooooj2

og0036
000040
000042
000044
000046
000050

000054
0ooo56
000060

000000

000000
00000 1

o00002
ooooo4
000006
O127O'ot
000000
o127OOl
o00062
o127O1
177634
00502c
oo5201
oo1375
o127OOl
ooo372
o12701
176030
o 1 2702
000144
o 1 2004
oo34o5
o20402
oo2403
oo6704
005264l
0o0062
oo5201
oo1167
1 04002
ooo372
oo23+2

pa=/,o
F.1=%1
RZ=/"2
Fi4=ft4
SP=il6

ST.A.RT: i40V #'Stant, sl
HIST; MOV #Ot¿nlp,no

ÞIOV #-lOO",R1

cLoOP¡ CLR (no)+
ÏNC Rl
BNE CLOOP
Mov #rrABLE,R0

Mov #-1OOO",Rl

Ifov íitoo. , R2

lii.ooP: I'ioV (no )+, R4
BLE NOCNT
clIP R4, R2
BGT NOCNT
ASL R4
INC OTABLE(R4)

NOCNT¡ INC Rl
BNE IILOOP
. E(IT

OTABLE: .=o *200 n

ITABLEI oro*10OOo
. ND START

CLOOP
TTABLE
RO
R4

CSECT
. i\LAÏN

ooo0 1 4R
ooo372R

-/,oooooo
-/aooco4
= Qo2342R.

ORTGIN
000000

S]rMBOL

HÏST
NOC'NT
R1
SP

LENGTF;
oo2342

TABLE

000004R
oooo54R

-/"ooooot
-/aoooo6

HLOOP OOOO]6R
OTAELE OOOO62R
R2 =ÏI,OOOOOZSTAR.T OOOCOOR

ID
oo1
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Ex4iriFLE l; Progre;l Èo sirnpllfy aritÌ^fietie expressions

CCDE

oo0000

ooooo4

oooo 1 0

0000 1 4

oooo 1 6

oooo?2

000026
oo00lo

oooo34

000040

000044

oooo50
o00052

ooo056

000200
ooo202
ooo204

000000
ooo00 1

ooo002
ooocol
oooco4
ooooo5
ooo006
o127061
oooooo

o12746
ooo 1 20
o127461
oooo60
1 0400 1

o12746
ooo 1 20
o12746t
ooc060
1 04004
o12T03l
ooo060
oo4567
ooo432
o10267
ooo20+
1 227 13
ooo04c
oo 1 453
oo4567
ooo202
ooo77 1

ooo200

STJ,iT

1

¿
3
4
5
6
7

9
lo
11
12
13
14

15
16

17

18
19
20

21

¿¿
rTz1)

24

25

26

27
28

29
3o
31
3z
33
14
35
36
37

t
t
t
t

SOUF.CE STATE,ÍEI{Î

; PF:OGRA.I T0 SIì:æLIFY ÀRITit]riEIfC Ð--PRESSIONS
; ïi\?UT: LIFT JUSTIFIÐ CIíAF*A,CTER STp,INe

NO BLA}IKS ALLO',.TÐ
OPERL\DS ARE INTEGERS
OPERÀTORS IIICLIJDE + ¿? /

Ro=rtO
nl=i41
fre=ib?
nt=/"3
R4=/A
R5=i$
SP=/"6

BEGIN: tr{OV #BnGl¡t, sp ; sEI STACK POINTTER

RLAÐ: RLAÐC IIIPUT, BO. ; F.aAÐ A DATII CARD+ Mov #8o",-(6)
+ t{ov #r¡ipur,_(6)
+ E"fT 1 ;TR{P FOR I/O REQUEST

PP.INTC INPUT, BO,+ I'toV #8o,,- ( 6 )

+ rdov #r¡¡pur,-(6)
+ H.fr 4

I.fov #tmput,Rl ;DATÅ, STARTII,TG ¿ÐDRESS

JSP. R.5,¡:SCÀ]ü ; GET FIRST INTEGER

l"{OV R2, OPND I ; SAVE .AS Opi{Ð 1

LOOP: CÌ,æE #O4O,@RJ ; BLAr\K NÐ(r?

tsEO, f.rRITE iyES, pp.It(-T RESULT
JSR. R5,OPSCAN !IiO, FIIID OPEFúTOR

BR LOOP ; CONTII{UE
,
II\TPUT3 .=.+Bo. ;RESÐRVE FOR INpUT
t
;CONVEP.T P;CSULT T0 ASCII C}L1P"ÀCTERS AllD PRINT
t
WRITE¡ CLR N2. ; LBVGTH OF F"ESULT
I'íRïTEI ¡ IitC R2 ; IITTCRB,ÍurIT COUÌ'üTER

I.IOV #OPT.N 1 , R.O ; AÐDRESS OF RESULT

005002
oo5202
o 127OOl
ooo250
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LOC

oo02 1 0

0002 1 4
ooo216

ooo224

oao230

OOOZjL¡
ooo236
000240
ooo242
ooo244
ooo246
oo0250
ooo252
ooo254
ooo256

CODE

o12701l
ooo256
104401
052767
oooo60
oooo26
1 16743
oooo23
oo5767
oooo 1 4
oo 1362
o10246
o10346
1 04004
ooo65T
ooo000
000000
oooooo
0c0000
0000 1 2

o12704
00000f
1213641
ooo316
oo1o57
oo5203
oo456T
ooo172
o10267
177742
0o6304
oo4574l
oo0322
102433
ooo205

057
o52
o55
o53

000366l
ooo352l
ooo142l
ooo312t

066767
1777 10
1777 10

sTi'rÎ

3B

39
Ln

SOURCE STATS.TÐqT

MOV #T$V,RI ;ADDRESS OF DIVISOR

41

42

MovB TS.{p+1,-(Rl) ; sÀvE ct{AR^q.CTER

TST OPI\IÐ.¡ ;ZEP,O QUOTITûüT?

BNE ldRITEl iNO, c0 BACKþfcv R2,-(Sp) ;LEiriGTH ON SÎÀCK
I4OV R3,- ( Sr ¡ ; "{DDRESS Oli STACI(
E¡,m 4 ; TRAp FOR pRIi\-TC
BR RqAÐ ; RETURT\
0 ; stroirlD OPEF.AÌ\trD0 ;FIRST opEnAlDO,O ;TILÍPORåRf 1,fOFK A*le1,

51 TÐi: 10, tDEcIi.fAL COIISÎANT52i
5_7 ; SCAN FoR LtrcAL OPER¡1*\TD .{r\TÐ SI}.æLIFY54i
55 oPScAN¡ i{oV #1,n4 ;SET opT_4.8 ByTE INDÐ(

cr,æB 'êR3 , opTAB( R4 ) ; rDH,trrFy opqF*A,TOF.?

Ðrv
Br s #o6o, Tts'P

BNE SCÀIII2
ÏNC R1
JSR R5ri{scAÌ,[

ì4OV R2, OPltD2

BVS OVER
P.TS P'5

;DIVIÐE tsY 10
; COIüVERT RIî.IAII¡ÐER

; lrl0, CCN-TINUE
; INCRF"ïB\Î SCÆ{ INDE(
;GET SEOONÐ OFERAND

; OVED,I'LO1,f?

; REIUPJI:

)tz.'])
44
45
46
4r
48 OPND2:
4g oPllpi:
5O TÐ@;

ooo260

ooo264

00o270
ooo272
ooo274

000100

000104
ooo306

ooo3 1 2
oooS 1 4

ooo316
ooo317
ooo320
ooo321
ooo322
000324
ooo326
ooo33a

ooo332

63
64
65t
66 OPTAB!

56 SCfu\1;

2[
)v
59

60

61
62

ÀSL R4 tFORt4 t'¡Oro INÐII(
JSR R5,@¿ÐÐTAB(R4) ;eO ro SIr.æLrFy

"ASCII '/rr-*' 
'.TABLE 

OF OPERATORS

6T ÀÐDT.A.B: .ivoÐ Drvrs, tfTJLT ri.frNus, PLUS

ADD 0?¡lÐ2, 0P¡,Ð 1 ; ¿Up THE OPLFL/trj'ijlS

68t
69 PLUS;
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LOC

oo0f40
oo0342

ooo350
ooo352

o00356

ooo362
ooo364
ooo366

ooo372

ooo376
ooo400

o00402

o00406

000412
000414

000420
ooo421
ooo422
ooo423
ooo424
ooo425
ooo426
ooo427

ooo4lo
ooo432

ooo434

000440

000444
000446

000452
ooo453
ooo454
000455
o00456
ooo457

ooo205
166767
177700
177700
000205
a127OQl
oao246
o127O1l
0o0250
1 04400
ooo205
o127OOl
ooo25o
o12701l
ooo246
10/F401
000205

o12746
0000 1 0
o12746'
oo0420
1 04004
ooo 1 67
177164

117
126
105
122
106
114
117
127

105704
oo23 1 4

o12746
ooo020
o127461
ooo452
1 04co4
ooo167
177132

111
114
114
105
107
101

7o
71 UTNUS;

72
73 Ì{ULT;

74

75
76
77 DÏVI S:

7B

85+
86

B7 ERRf:

BBt
89 SCAN2:
90
91
OC .r

93+
94+
95

96 ERR1 ;

coDE sTl.fr SOURCE STATEM4'rT

79
BO
Bl t
BZ OVER:
83+
84+

RTS R5 ; RE'IUPJII
SUB OPND2, OPI'ID 1 ; SUBTR4,CT llIE OPER{i{ÐS

RTS R5 ; REI'URI(
[rov #opme,Ro ;t{uLTIpLrcA¡iÐ ¿ÐDF.]ISS

PIOV #oPltDl rRl ;t.tULTIpLIEa. ADÐRESS

MUL t ¡{ULTIPLY
RTS R5
MOV #OPUO 1 , p.O ;DIVIDBTID "{ÐÐF.ESS

}fOV #OI¡TOZ,Rl ;DIVISOR ADÐRESS

DTV
RTS R5

PPJI{TC ffi.RJ, B.
iuov #8. ,- ( 6 )

r,fov #unn¡,-(6)

m{T 4
JMP N.EAD

;DIVIDE

; TRAP FoR. r/0 REQUIST

. ASCrr /OVAeATOW/

rsrB -(R4)
BGE SCÄN1
PRTI{TC ER"R1 , 16,
rqov #16.,-(6)
Mov #rnnl,-(6)

;DEtRH'iEf{T "qND TEST
; CONTINUE?

;TRAP FOR r/O REQUEST
; GET' IiÐ(T CAm

. ASCII T/f USCAr OPffi*TOR/

U''fT 4
JÌ"P RRAD
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LOC

000460
00046 1

ooo462
o00463
ooö464
o00465
ooo466
ooo467
ooo47o
ooo47 1

ooo472

ooo476

000502
ooo504

ooo5 1 0
ooo5 1 2
0005 1 4

ooo520

ooo524

ooo5ro
ooo532

ooo536

ooo542
ooa544

000550
ooo552

ooo554

000560

ooo564
oco566

ooo572
ooo573
ooo574
ooo575
ooo576
ooo577

coÐE

114
040
117
120
105
122
101
124
117
122

oo5067
177554
1227 13
ooooT 1

0o5020
1 227 1i
oooo60
oo241 5
1 13302
o42T02
177760
Q127OOl
ooo252
o12701l
o00256
1 04400
o66702
177516
o10267
177510
ooo755
oo5767
177502
o01401
000205

o12746
0000 1 7
o127461
ooo572
1 04004
ooo167
177212

115
111
123
123
111
116

1 0O NSCATTT 1 :

101
102

103
104
105

106

107

STiL,iT SOUP.CE ST"{TE,ÍU{T

; TR¿,}ISFORT.Í CIíAR{CTE'R DATÀ I}iTO BI}ÏART TNTEGER,
t
I'iSCA.t{: CLR. T!Î-P ;CLF-AR 1,,¡ORK AREA

97
9B
99

ci.,rPB #or I ,@R3 ; GREATER TtiAN g ?

BLT oUTl ;yES STop
MOVB ' ( Rl )r-, R2 ; s¡\\¡E CHAP.ACTERBrc íÍ17TT6o,nz ; colùvEF.T To BrrrïARy

MOV #IUæ,RO ;DTGIT ¿DDRESS

BGl OUÎ1
oMPB #060,@-R3

MOV #tnq, al

IvÍtiL
.åÐD TdP+2, R2

j''fOV R2, Tm.P

BR NSCAN1
TST TE.P

BEQ OUT2
RTS R5

;YES S10P
; LESS TIiÀiV ZEî,O?

; I,íULIIPLTffi

; I'IULTIPLY
; CUI{UL.{TIVE SUi,f

; ¿Ð JUST ¡{ULITPLTC*L\D

; COlllIliUE
; INTEGER FoUi'üD?

i NO, ER.F.CR
;YES, REIURÌ{

108
109

110

113
114
115
116

111
112 OuT1:

117 +

i 18 +
119

120 EP,R2:

OUT2t PRIIITC ffG.2r15"+ r4ov #ls. ,-(6)
Ì/iov #¡nne,-(6)
u'/m 4 ; TR.AP FO¡. T/O REQUESTJ¡æ REAÐ

. ASCrI /i'trssrtrG oPEFrAi,¡Þ/
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LOC

000600
00060 1

000602
00o6of
000604
ooo605
000606
000607
0006 1 0
000000

CSECl

.}4AÏN

.ADÐTÀB
ER,F.1

ÏNPUT
ÌViULT
OPNT) 1

OPTÀB
OVER
RO
Rf
sc.\i{ 1

TM,!P
WRTTEl

CODE

107
04c
117
120
105
122
101
116
104

ooo322P,
oo0452R
ooo060R
ooof52R
oo0250R
0001 1 6R
ooo402R

=froooooo
=i6OOOQOJ

000264R.
oo0252R
ooo2c2P.

DIVÏS
ER,R]
MINUS
NSC"Ai\1
OPSCAi\i
OUT2
REÆ)
R2
R5
SP
IÍRITE

oool66R
000420R
ooo342R
0001176R
ooo260R
oo0554R
000004R

=fnooooz
=iáooooo5
-/"ooooo6

o00200R

121

STi'lî SOURCE STATEi:.ÍEI\TT

. n\TD BEGI\T

SYIqBOL TABLE

BEGÏN OOOOOOR
EF*q.2 OOO57 2R
LOOP OOOO44R
lüsc-A¡t ooo472R
oPND2 00C246Rourl ooo544R
PLUS OOO332RRl -rtoOcootP.4 =/"ooooo4sc,{1'l-2 ooo4foR

LE.¡GTH

000612

ÏD

ool

ORTGTN

0000c0

N0 STATEÍBiTTS FLAGCÐ) IN THIS ASSEUItsLY
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APPÐ{DTX A

,"o*ar* coDÌrs

Charact er

blank

t

il

JI
1T

*
o/
/o

&

t

I

\

It

+

t

o

1

2

7

4

5

Charact er

A

B

c

Ð

E

F

G

H

ï

J

K

L

l/taa

s

T

U

V

C4aracteg Code

a 141

b 142

c 143

d 144

e 145

f 146

s 147

h 150

1 151

J t5z

k 153

1 154

m 155

n 156

o 157

p 160

q 161

r 162

a 163

r 164

u 16j

v 166

Cod-e

040

041

o42

o43

o44

o45

o46

o47

050

051

o52

o51

o54

o55

o56

o57

o50

061

o62

o63

064

065

Cod. e

101

102

103

104

105

106

107

110

111

'112

113

114

115

116

117

120

121

122

121

124

125

126

N

o

Þ

a

R
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Ç}:¡aracLer

6

7

I
9

a

t

_¿

?

@

Cha.ract,ex

l¡f

x

Y

z

.:

Cha::act er

w

x

v

z

Cod. e

o66

o67

070

oTt

072

073

074

075

076

oT7

100

Cod.e

127

130

131

132

CoC.e

167

170

171

172

102



Charact er

o

6/F

b1a:rk

JI

@

I\

\

.t

,

+

&

t
a

rì

¡

APPE\ÐTX B

?AL- 1 1 R. SEF.AIR*\TIIVG OR TERÌ,IINATING CIÍAR.ACTERS

Function

label terninator
d.irect assl grr:lent d_elimj-t er

re6lster term delineator
lten termlnator, fleld te¡rlnator
funnediate expression field ind.icator
d.ef erreC. ad.d r"essing lnd.icator
lnltial reglster fIeId indicator
terminal re6ister field indiicator
operand fie1d. separetor

coroment f ield. d.ellnea-uor

arlihrneilc addltion operator

arlthr,'netlc subtractlon operator

1og1ca1 A-ilD operator

loglcal OR operator

d.ouble ASCII text lnd.lcator
s1ng1e ASCII text lndicator
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Notai 1on:

Octal
VaIue

7r

4r

5r

6r

l,focle l$ame

regl st er

deferced- register

autoincrenent

d. ef errecl
autolncrement

autodecrement

d.ef eryed-
autod-ecrenent

lndex

deferred. lnd-ex

APPB'IDIX C

AÐÐRESS }iOÐE SYNTj"",

r ls a¡ lnteger Írom 0 lo 7

R 1s a. re.rister expresslon.

E is an expression.

ER ls an absolute expression ln the range O to Zor a register expression

0r

2r

1r

Syntax

R

@R or
(R)

(nn)+

@(nn)+

-(¡n)

@- ( ER)

E( nR)

@E( ER)

104

Expla4atlog

Reglster F. contaln-e the
operand.

Register R contains the
operand. aC.d.ress.

Register ER ls incremented.
af',,er use as the operand.
add-ress

Register ER is lnerenented-
after use as a pointer to
the adCress of the opera.nd.

Register ER is decremented
before use as the operand
address.

Reglster ER 1s decrenen't ed
before use a.s a pointer to
the add.ress of the operand "

E plus the contents of
reglster ER ls the operand
ad.d.ress.

E plus the contents of
reglster ER 1s a polnter
to the ad.dress of the
operand-.

7r



Octal
Value l,Íode i\a¡re

27 lmmed.i at e

37 absolute

67 relative

Syntax Explanatlon

#'n E 1s the operand..

@#n E ls the operancl aðdress.

E E ls the ad-d.ress of the
operand..

77 d-ef eryed- relatlve @E E ls a polnter to tl:e addressof the operend"
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APPENDTX Ð

ÏNSTP,UCTÏON FOFMÀTS

Inst ruc'," ion
Glass

ctouol_ e
operand

slngle
operand

operat e

þranch

t rap

subroutine
call

subroutine
return

Synbollc
Format

OP A,A

OPÀ

JSR ER, A

ÞIachine Formai

OP

OP ñ1)

OP

-128 E-"-? 127
2

7

E 1778

106
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This append.lx
lnst ruci ions

Instruction

ADd. Carry
.ADd. Carry Byte

.AÐD

Arithrnetlc Shift Left
Arittraetlc Shlft Left Eyte

Arithnetlc Shift Right
Arltimetic Shlft, Rlght Byte

Branch on Carry Clear

Branch on Carry Set

Branch on EQuat ( zero )

Branch on Greater or Equal

Branch on Greater Than

Branch on HIgher

Branch on lïlgher or Same.

BIt Clear
Eït Clear Byte

BIt Set
BIt Set Byte

Bït Test
BIt Test Byte

Branch on Less or Equal

tsranch on LOi"¡

Branch on LOv¡ or Sa:ne

SJPMIDTX E

ÏNST RUCT T OIY I,trVM,fONI C S

contatns eJr alphabetical 11st of all the nachlneln PAL-1 1R"

tr(lreuonic
0p-God--e

ADC
ADCB

AÐD

ASL
ASLB

ASR
ASRB

BCC

BCS

BEQ

BGE

BGT

BHT

BHIS

BIC
BICB

BIS
BISB

BÏT
BITB

BLE

BLO

BLOS

Machlne PaEe
0p-Cod e

Condltlon CcC.g
Z N C V

0o55DD 53 x
1o55DD 53 x

O6SSDÞ 44 x

oo63DD 5T x
1063DD 57 x

OO62ÐD 56 x
1O62DD 56 x

lofoxx 62

1O34xX 62

0014xx 61

oo2oxx 64

oofoxx 64

1010)c( 65

l OfOlü 65

o4ssDÐ 46 x
l4s,sDD 46 x

O5SSDD 46 x
1 5SSDÐ 4f x

OSSSDD 4f x
l3SSDD 48 x

oo34xx 64

1O34y,X 65

1014;ff 65

v44

xxx
xxx
xxx
xxx
xxx
xxx

x0
r. ll

xO
xO
xO
xC

t07



ïnst ruct lon

Branch on Less Than
" Branch on l.{Inus

Branch on llot Equal

Bra¡ch on PLus

BRanch

Branch on oVerflow Clear

Branch on oVerflol,¡ Set

Clear Cond-ltion Codes

Cl,ear Carry bit
CÏ,ear Negatlve blt
CLeaR
CLeaR Byte

Cl,ear oVerflov¡ bit
CT,ear Zero bit
Col'Fare
Coi.{Pare Byte

Glear Negatlve and. Zero bits
COl,þlenent
COl4plenent Byte

DECrenent
ÐECrenent Byte

El,iulator Tr¿p

HALT

f NCrenent
IN0renent Byte

Input/Ou'r,put Trap

JUÌ'iP

Lfnenonlc Machine page Condttlon Cod_eop-Cod-e op-code ffi

. BLT

BI,fI

BNE

BPL

BR

BVC

BVS

0cc

cLc

CLN

CLR
CLRB

CLV

cLz

cÌ'F
Ci4PB

ci{z

coM
COiilB

DEC
oot.
UÚIT

HALl

INC
ïNCts

IOT

JtiI,P

ooz4y\x. 64

1004xx 62

oo 10,"i( 61

1 000xx 62

ooo4)L1r 60

1020)L{ 63

1024XX. 63

ooo257 67 0

ooo241 66

ooo25o 6z

oo5oDD 49 1

1O50DD 49 1

ooo242 66

ooo244 6r o

O2SSDÐ 4l x
12S$DD 44 x

ooo254 67 o

Oo5lDD 51 x
1o51DD 51 x

Oo5fDD 52 x
1O53DD 5z x

1O4OO0 77 xto 1o43fT

ooo000 68

OO52DD 4g x
1o52DD 4g x

oooo04 69 x

ooo 1ÐD 58

000
o

o

ooo
o00

o

x
x

o

x
x

xxx

xx
xx

oooo
x

-x
x
x

xx
xx
xxx
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Inst ruct ion

Jump to SubRoutlne

[fOVe
Ì,ÍOVe Byte

NEGate
NEGate Byte

No OPeration

RESET'

ROtate Left
ROtate Left Byte

ROtate Rlght
Rotate Right Byte

ReTurn from Interrupt
ReTurn from Subroutine

SuBtra,ct Carry
SuBtract Carcy Byte

Sei Cond-ltion Co.J-es

SEt Qarcy b1t

SEt lTegatlve bit
SE'b oVerflorv blt
SEt Zero blt
SUtsf ra.ct

Sl{-¡rp Byt es

TRAP

TeST
TeST Byte

l'IAit for ÏnTerrupt

Miremonie þfachlne
Op-Cod-e Op-Cod.e

PaFe Cond.itlon Cod e
Z N C V

JSR

MOV
},fOVB

NEG
NEGB

NOP

RESET'

ROL
ROLB

ROR
RORE

RTT

RTS

SBC
SBCB

scc

SEC

SEII

SEV

SEZ

SUB

SlifAB

TzuP
to

TST
TSTB

WAIT

004roD

O 1 SSDD
1 1 SSDÐ

oo54ÐD
1O54ÐD

000240

000005

0061DD
1061ÐD

o060DÐ
1 060DD

000002

00020R

0056DD
1056DD

ooo277

000261

ooo27o

ooo262

ooo264

1 6SSDD

o00lDD

1 o44oo
1o4777

oo57uo
1 057ÐD

ooo00 1

xxxx

x
x

1

1

1-

XX

xxxx

TO

42
43

5t
51

67

69

55
55

55
55

6B

7D
lL

ç.¿L

ÉL

67

ol

ot

6T

67

45

56

73

xxO
xxO
xxxx
xxxx

xxxx
¡1. .ð. 

^ 
.Ã

xxxx
xxxx

x
x

1

1

xx
'l¡ '!a

11

xx
oo

xxOO
xxOO

5z
52

69
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APPE¿\IDIX F

ASSEUIBLER ÐIRECTTVES

ç

Dlrective

. ASCIT

.ASECT

. BYTE

" CSECT

. Ð[D

. H\:DC

. EVEI\

. GLOtsL

. ÏFDF

. TFG

. ÏFGE

.IFL

" TFLE

.IF\¿ÐF

Operand s

/""texL,.1

none

EeEe. o o

stl.fBoL

none

none

s1rs2r...

EL

E

Operatlo4

generates 7-blb "ÀSCII ci:aracters
for text enclosed by d.ellniiters

the start or conilntrailon of all
absolute program sectlon

generates bytes of d.ata equal_ to
the values of the expressions

the start or contlnuation of e
relocatable prograrn section (un-
na¡ned 1f no operand)

lnd"icates the physical end of a
synbolic proEram and optionally
specifies the start of execuiion

ternlnates the range of a
conditional d.irective

forces the assenbly location
counter to be even by addlng I lfit ls oc]d..

specifies each name to be a global
symbol

assenble up to the matchlng . BIDClf the (logtcal) expressloñ ts
d ef ined

assemble if E ls greater than zero

assenble if E ts greater than or
equal to zeTo

assenble if E is l_ess than zeyo

assemble if E ls less than or equalto zero

assenble if EL is not d-eflned-

E

E

E

E

EL
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Ðirectlve

. ÏFNZ

"TFZ

Operand.s

'tt
g

E

' 
. LII'{IT none

REAÐC ADDR,LT\GTH

B.EAÐO .AÐDF., LiVGf H

9peration
assemble if E ls not zero

assenble lf E is zeTo

generates two v¡ord.s con',,alnlns the
low and. high ad.clress llnits of the
relocatable sections

I4oV #lt.ctil ,-(6) read. AscIIl4ov #¿lta,-(e) eharacters
EIIT 1

¡,IOV #ttuofnr-(6) read. octal
MoV .#æoR,-(6) nu¡ubers
¡1ÍT 5

.RÂD5O /CCC/ generates the radix-5o representation
of up to three characters within the
d.eli¡ri t ers

.TITLE SYI,ÍBOL generates a irane for the obJect
module

"l,\foro EeEe o o o generates l,'ord.s of d.ata equal to
the values of the expresslons

MONIIOR. REQUEST I.IACROS

Request Magl.o Bpansion Functlon
PRINTC .4ÐÐR, LNGTH T,(OV #i-lgcrg ,- (6 ) prlnt ASCII

Ì¿ov #AÐtR, -(6) òharacters
Ë,ÍT 4

PRINTO -AÐDR, L¡{GTH I,ÍoV #r,netu, - ( 6 ) prlnt octal
Mov #AnoR,-(6) ñu¡obers
EI4T O
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tr'T E[,TD IÞ ]INEiOi{f C S

ïnstruction Equlvalent

DIV TR.AP 1

MUL TzuP O

Function

R'C polnts to a d-iviciend."
R1 points to a dlvisor"
After d.lvision, the quoilent
replaces the d.ivld-end..

RO points to a nultiplicÐ.nd"
R1 points to a nultlplier.
After multiplication, the prod-uct
replaces the nult1p1lcanå,

all of core is printed- out in
octal notation

all processln8 of the progra:u is
ternlnated.r and. control reiurns
üo the sysf enn"

,DIlì"fP

. Ð(rT Ð4T 2
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Eruor

, AFPÐ.iDIX G

NPF.CN. T,íESSAGES

Explanation

¡ld-dre'sslng error. .{n ad.d-ress wlthln the lnstructlon
1s lncoryect, oF a.n lIIegal expression wa.s forrred..

Bound.ary err-or. Da'va. or lnstructions are being
assenblecl at alr od.d add.ress in menory.

Doubly-d-ef inecl synbol. .ê" syinbol ls clefined- both
as a label and. by d.lrect asslgnr-äent,

ïllega1 cha,ra.cter" An 111egal cha.racíer was
encountered- r¡¡ithi-n a syr-obol nêfflên

Multlple d-ef lnition of a. 1abel. A synobcl is d.efined.
as a label nore than once in the selne progran sectj_on.

Nunber erï"or.. -ô¡1 illegal number was detected.r or
a decimal nunber was not tenninated by a decinalpoint

Questlonable syntax. This includes such errors as
un-natched pa.rentheses, too na.ny arglrnents, i11ega1
sequences of ter,llnating cha.ra.cters r etc.
Register-ty-oe error. A regisier expression is outof range or used. improperly.

Truncatlon error. i-Íore than the alro'¡¡able nurnber
of blts are in a resultr and. lt v¡as truncated. on
the left.

Und ef ined. s¡rabol" .An und ef ined. s¡nnbol rr,a,s
encounterecl ln an expresslon, and_ was assigned.the value zeao.

A

B

D

M

N

a

R

T

U
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APPTT.IDTX H STORAGE AÐDP.ESS ì"ÍAP

157777
76OOOO

777777

o

4oo

rFast

nt ercupi
vector"s

uger

core

t fast I

menory

4
10
14
20
24
3o

up to J2ií r+ord.s

lnstructlon eryors
res erved. inst nrci ions
trac e
roT
power failu¡.e trap
m.iT

4K perlpheral storage:
lnclud-ing general registers, pro1re;!.
status registerr â.i-ÌC. external d.eviceregisters to be a,sslsned eL a 1ater
d.ate

The lnterrupt vectors are assigned. as follov¡s:
Loca.tlon Functiom

34 TRAP

t menory assigr.rnent 1s as follo'¡¡s:

Location Function

7777OO - RO, R1, R2, o o o, W
777707

777776 processor status register
7777777
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INTRODUCTION

This manual d.escribes the organLze,LLon ôf the pÐp-11

Assenbler ancl its lmplenentatlon ln the PDp-11 systen Sinula-
tion at the University of ivÍanitoba" It is assujned. that the

read.er unclerstands ti:e assenbly process as d-iscussed. in the
PÐP-l1 Assembler Userrs Guid.e and- ls alsc faniliar ivith IBI4

Syst æ/3AO Assenbler La;rgua.-qe. The progran 1o61c of the

Assenbler is presenied here in lncreaslng level-s of d.etall
includ-in8 advlce on malntenajlce and- suggestions for future
nod.if lcation

Section A descrlbes the slmulattcn environment and- gives

a general overviev¡ of th.e proeessing perfortnecl by the various
routines in the PÐP-11 Àsseubler. By studyln.g thls section,

a systen pro8ra,'nner rqay Locate precisely the section of cocling

wlrlch sirould. be nod.ified- to correct or intr"od.uce a T)a..1,icular

featuz'e. Sectlon ts d.escribes nan]¡ of the progra;nijlil-r,i,q t,echniques

used- in d-esignin.g ihe Assenblerr â-rrd points oui sone of Lhe

constraints encountered. section c descrlbes hor,-¡ to change

the Assembler perarneiersr and. sugges'r,s sone possible improve-

ment s "

A llstlng of the PDP-1 1 Assenbler nay be obtalned by

per'¡lssion of Dr" Carol Abrahan of the Departnent of Coiaputer

Science a.t the UniversiÈy of ÞÍenitoba.
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ËE€TION A GÐüERJr,L STPiUCTURE

EYSTTIú STÌUULATTOirI

The slnulated. PDP-11 Systen 1s able to batch-process PAL-11R

source programs, provid-lng prcgram llstings axd. error d.lagnostlcs.

The System is writlen in IByy'løO Assenbler Languase and- consists

of the follot+ing:

I, PDP-1 1 slnulated. nemory (6Sf bytes)

2" a tvro-p¿ss FÐP-11 Assenbler (ltl< bytes)

3. a PÐP-'11 machlne-cod.e fnterpreier (Bf Uytes)

4" a scratch ¿¿i.eà on d.lsk.

A user specif ies the amoünt of PÐP-11 core he r.¡lshes for
his Job" The Assenbler a,sse.b'l es a¡rC. loacls the source program

into LlnaL core" The Interpreter executes the prograri. The

scratch area ls usec lnterna.lly by the Assem]¡ler. There is no

operatlng systen as suchr although a sÌliall part of the Assenbler

acts as a monltor by co-ord.ina'r,ing the assenbly and. lnterp:'eta-
tlon phases for each Job. Thls 1s a batch-processing systen

slnce one Job is assembled-, load.ed.r âfid. execu.ted bef ore the

next Job may begln" Flgure 1 illustra,tes the overall structure
of the slmul=tor"

The PDP-1 1 slmulator norrnally executes in a 96K reglon
(witfr d-lsk space allocated d.ynaraically as a scra,tch area) on an

rBV=øo i"fooel 65 under o.s. (rBi¿ operatlng sysben. ) The entire
package forms a reloca.'r,ab1e object raodLule on d-isk and. n¿y be

invoked Ëy the foLlorvlng JCL (Jo¡ Control La¡guage):
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FTGURE 1 SIT,IULAT T ON STR.UC ÎU.Ê.E

cÀro
REAÐEF

SCRAlCH
AR4q

DÏSK

INTBRÌ\"AL
TABLES Þ^qq D¿ Jt9V 1

PDP- 1 1

t, V.!.ró

LÏSTTNG
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,l

JOB
&KEC ÀSiriGLe, SrZÞgíK

LKÐ, SYSLIB DD DSli=YÀF. LO299,CIA, Ui{Iî'=Df SK¡DISP-SIjR,
VOL=SEF.=Vìi.1405

LKÐ " SYSTN DD Ti

GO. SYSIIDLTI'IP DD SYSOUT=A
Go. sroRE ÐÐ DSN=JY¡vof-=RË'-ollE.liolrlrH¡DrsP=( ¡lgif ,Dil,,E-rE),

SPACÞ( rniç, (2o ,5) )
GO.PFJI{TOUT DD SYSOUT=A
GO. R.EAÐIIV DD TÉ'

PAL-1 1R Prograrns (¡atc¡.)

/*

where STC,ì.E is the ÐCB (lata Contr"ol- Bloc]<) for the scratch
aîee. on dtsk

PRINTOUT ls the DCB for the asserbly Iistlng
RF-ADIN 1s the DCB for the card read-er

ASSil.í9LER -STP"TJ-CÎUR.E

The Asseïbler pro8rajn is organized. Ð.s several d.lstinct
eectlons a,s sho-'¡rn ln Figure ?. soree sectlons are d.ata areas;

some ere single subroutinesi a¡d- sone are coliections of

related routlnes. They a?e sifiüarized a,s foll_ows¡

ECRAICI{ AREÀ BTJFFER

The scratch a.Tea buff er (SCetfCä) is used to store p¡J,- j 1R

eard. lmages and. a corcespond.lng tlnter¡led.iatet text, of nu:neric

cod.es whlch are Eenerated- during Pass 1. These codes represent

the instruction, the opera.ndsr anô the ad.d,ressing mod.es as

encountered. on that source card. The buffer has been arbltrarily
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SCRATCH

mffm
-L l!/rI

PST

i"frsG

UST

T'ÍONITOR

PASS 1

FASS2

Ì'fOi\TREQ

BI¡TSRCTi

AÐDI'ÍODE

PHASEf

FIGURE 2 ASSE.IBLER. S,1. P'UC TURE

Scratch Area Euffer

32K FDP-11 úeaory v¡ord.s

Pennanent Syrobol lai:le

Ju¡np Tables r Address Consta-nt s,
Trarr.slate Tables, and. swltches

User Symbol Ta,ble, Global- Spnbol
Dlrectory

Sinula'r, 1 on i.ionitor

Flrst Pass of the .¡rssenbly

SeconC, Pass of the Assenbly

Maero Generator

Blnary Search Routine

Add.ress Ì'Tode fd-entif tc ation

Synbol Tabl-e Printoui Routlne
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d.eflnec. es 12BO (rct¡/løo) bytes ln length, After tr.¡eh'e carð-

f-mag.es and. thelr cod.es have been stored, the entlre buffer ls
trensf erued. io d-lsk rvhere it remains uniil- re-exarnineå d.ur"ins

Pass 2. The scratcln area buff errla)¡ be fil-l_ecì ¿nd saveC_ on d_isF,

several ti,rres during the eourse of €ìrt asselÌ:l¡r. B¡' lur:pin3 d.ata

lnto 12BO-ìr;'ie sections ln iiris nanner, a scratcll. e.rea is gener-

ated" on C.isk r¡rith red-uced. I/O actlvity.

EÐP- 1 1 CoR,E

Up to f2K PÐP-11 wortì.s of 16-blts each rna-;r be requested- by

a user Job. The maxl¡rum area (ca:-tea TÐ(1) rs set aside es e,

permanent part of the Assenbler. The PDP-11 machlne code ls
loa.d.ed- into thls a.rea d.ur'ing Pass 2. The ïnterpr"eter e;cecutes

a Job from thls simula.teö" core.

PERrr/LAliII'[T SY:':BOL TA,BLE

The Pernanent Sprbol Table (PST) is an alphabeiicaffy-
ord.ered- list containin.q the lnstruction mnenonics, assenbl-er

d.irectivesr and monitor r.equests avallable f or. the pDp-11

Bsimulation" The fornat of each eniry is as follotrs:

P}TA},IE1

PNAlfE2

PVALUE

PID I FFL¿.GS

where PI\T.L\[EI ' Pli.{l.fE2 are two r"aC.ix-50 pa.ched triads represen'uing

a mnemonic;

o
¿

4
6
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PVALUE 1s a machine operatlcn cod-e (for instruction
mneiTionics) or a displacenent into an add_ress

table (for a.ssenbler d.irectlves) ;

PID 1s the'section id.entif ica.tion lvhlch is zego f or al1

perrnanent synbols t

PFLAGS represents the lnstruc'r,ion class of that entry.

USER SYI,ÍBOL TÂBLE

The User Symbol Table (USt) contains all the syniì:ols used.

in a progra-n" A s¡rrnbol is entereC' as soon es it is encou.ntered_

d.uring Pe-ss 1. The USf is link-listed into alphabetical order,

v¡ith each sy:nbol appearing only once. Each entry is ten bytes

long r.¡1th the f ollorr'lng f onnat ¡

UN¿Jr,lE

W.qLUE

UTD I UFLAGS

ULTNK

where UNA-ì{E is 'bv¡o packed triads in ra.C.ix-5C notation representing
. the s¡nrbol naÃe t

W.A,LUE is the value associaied l.¡ith that s¡mbo'l;

UID 1s the section ic-ientification assi¿vred- as foIlo'¡¡s:

.ASECT OOO
uirna:ned . CSECT OO 1

na.ned . CSECT 002 - OOT

UFL¡.çS lnd.lcate the atiributes of L.naL s¡inbcl,

vlz. 
:;.i;:î:":i;, 

absolute, und-efinei., r.eEister

o
2
4

6

I
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ULIÀIK is a pointer to ihe next higher synbol in alpha-

betical order o .

GLOBAL ST..IBOL DTF,gCTORT

the Gtobal Symbol Ðlreciory (eSp) fs perhaps a nisncner

because it contains not all ¿¡lobal synbols, but only those

appearing -in a .CSECT or .!fTLE d.irective. The GSD ls used by

the Assenbler to store lnfonna'r,ion a.bout the various progra.n

sectlons aefined in a Job. Each entry ls ten bytes long r'¡lth

the follor.rins foruat:

GNÍLIì,IE

GVALUEl

GV.4.LUE2

GTD I GFLAGS

l¡here Gi{.AIiE is tr,¡o rad.ix-50 Fa,cked. tried.s representing the

section nane;

GVALUEI is the entry address;

GVALUE2 is the sectlon lengih;

GID is ihe section id-entificatlon;

GFL4GS 1s the section attribute (rel-ocatable or absolute" )

i'iONÏTOR.

The irtonitor is a, sub-orogra¡n r.¡hich permits batch-processlng

by coordlnat,ing the Assørb1er and. the Interpreter. The ¡lonltor
performs the follor'¡in3 func'r,ions :

o
2

4

6

B
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1" rnitializes the ba.teh by opening files and deternining
the date for the Job headr-er page;

2" Scans Íor control car.d-s;

3. Ðeteruines and. lnitiallzes the .¿\ssærbler optlons,

lneluding clearing. the neaor.y requested for that job;

4. Prints the heacler page;

5" Invokes th.e Assernbler;

6, Calcul-ates and prlnts the assenbly time;

7. fnvokes the Interpreier;
B. Calcula.tes and prints the execuiion tlme;

9" Repeats steps 2 - 8;

10. Terminates the ba.tch anC. closes all f iles"

PASS 1

Ðuring Pass 1 , labe1s anC. their relative ad.dresses are

entered. into the user S;rnbo1 Îable. Also, s¡rmbols d.efined. by

d.lrect asslgrment aTe evalu.ated. e.nd pla,ced- ln the UST. All
lnstructions are id-entlfied a;rd their addressing moc.es ere

detennlned. so that spece ma¡r þg reserved- for any ind.ex r¡ords.

.An intenrneCiaie text of special code nu¡nbers ls generated. and

stored. in a selcatch area on d.isk for use in Pass Z. In aðdition,
many syntax effors are detected-. Afier errcourttering the .!.VD

statenentr 3.Ì1. absolute add.ress (OnrefX) is caleulaied. specifying
exactly r,¡here the nachlne lnsbructions w111 be loaded. lnto pDp

merìory d.urlng Pass 2.
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PASS 2

The lntermed.iate iext in the scratch area is exa,nined

and. PD?-11 machine coc"e is generated-" .41-l- expresslons ere

sinplified-, and- al-l ind.e:< word-s are calcu] atecl. A program

11st1ag is creaLed.. line-by-line incluclins card. lnages from

the disk, and. a¡y error messages d.etected. in either pass.

As a statenent is so processed., lts r¡achlne eod.e is loaded.

lnto menory using the OÊ.IGIil calculateC. ln pass 1.

PHASEJ

The User Symbol T¿b1e, the GLoba1 Synbol Director.y, and.

a sunnery of all error messages is printed. out 1n the for:nat
described- in the FDP-11 Assenbrer user's Guió.e" this ends

the asseinbly phaser end" control_ returns to the Þtcnitor.

I,LACRO GEiIERATOB

The subrouiine ì:.iOiVF€Q, is invohedl d.uring pass 1 -uo

genera,te PAL-11R. source siatements for a monltor request

macro. The subrouiine creates PAr,-1lR text in a speclal
macro buff er (il-A.cl¡¡) ana eff ectively overrid,es tlie carl_ì-

read-er so that the nacro expa::.sion created- inay be read from

the buffer. The ar'gurnents fron the rnoni',,or request are

scerrned- and- lnserted as f8i,í hexadecimal characters into the
buff er, without eryor checking" rn this r.^iâsr ï'loNp"Ee acts as

a pre-processor for nonitor request macrog. the Senerated.

s'r,atenents ere theri processeà nornal'l_X by pass 1"
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Bf N¿\ffi SEAF.CH

The Blnary Search F.outine (AfXSfCg) i" usec to detect a.

vaIld. instruction and identify lts type" During Pass 1, the

rac11x-5O representation of a rnnanonic is calculated, and passed.

to the tsIlISRCH routine" Tbls value ls compareCL to the rqld--polnt

of the Pennanent Sy,lbol Ta.bler and half of the table is eli¡rln-

ated. r'¡ith successive searches until that entry is either found.,

or sïroi,m not to ex1st. In this wâf r any one of 105 possible

lnstructions ts d.etected- r¡ithin seven comparlsons.

For each operand ln single- and d.ouble-operand- instrucitons,
the ad-d.ress nod-e ¡oust be id.entified d.urlng Pass 1" As an oper-

and. 1s scarraed., certaln logical rsr.¡ltchesr o.Te set to lnd-icate

the synta,x anð. a.itributes of that operancl. These sl¡itches are

examined. by the routine AI]ÐÞÍODE, and using the syntax formats

d.escribed. in Chaptel" 3 of the PÐP-11 Assanbler TJserrs Gulde,

the s,pproprlate address nod.e is generated. into the scratch aeêa.

No error checking ls done here, since lIlegaI syntax is detected

before AÐDI,IODE is lnvolceC-"
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SECTÏ01ù B PROGP*L.,[,Y]I }TG T Eç TiNI QUES

PDP.l 1 ASSS'ÍBLT

The PDF-11 Assenbl-er is caIIed. a ttvro-passr assenbler

because it exanlne.s i:he contenis of each source carC tv¡ice as

lt asseiobles the progran" In this case, the second pass j-s

sornev¡hat slnpllfied by utilizio¿ the interted-iate iext created.

by Pass 1, rather than re-sca:rninE the source,

The basic s't,eps in the assenbly pha.se may be sumnarlzed.

as f o11ov¡s:

PASS 1 ¡

PASS 2z

, ïn ord-er io
it 1s convenient

useCo '

und. ers'r, and-

to e>lanine

the Cetails

soi:te of the

of the Assenbler logic,
pro ßranriring t ecb.niques

Eet a souice eard.

ldentify instruciion type

scan the statenent and-
genera'r,e internied-ia.t e tex

gei a card- image

id.entify instructlon type

simplify expressions

qenerat e nachine coåe
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TR.AùJSLATE ÎABLE

A PDP-11 user expects d.ate as T-bit, ASCII chara,ciers.

However, wlth the rtsi'i equipneni at unj-verslty of lfa¡ltcba, inpui
Èo ihe computer ls as EBcDIc characters. consequenily, the As-
se¡rbler lncludes a translation table (Hqceocr) for conver-ulng

alL lnpui lnto ASCII eharacters. In ord.er to cut d.own slnulation
overhead, the EtsCDIC souree ls flrst savecl ln the scratch area
so that the progra,!l-lisiing rna.y be crea.Led vrithout re-translatlne
the card- inages" Thus:

PÁSS 1:

Eff ecÈively, then, all scanning ancl processing by the Assenbler
uses ASCII chaiacters.

JÏI'íP TABLES

¡' Jutlp table is a list whose eniries represeni addresses,

where ihe posltion of an entry r.+iihin.r,he junp table ind_icates

the purpose of that ad.oress. Junp iables carr provid-e autonatic
d-eeLslon-nahing by provld.ing branch add.resses r¡ithout a series
of conparisons and. cond.iticn-ehecl<lng. In the PDP-11 Assernbler,

Jurp tables conirol branciring for instrucLion initiali za'vLoat

çì-sl ini'r, er-itand-lin3 ¡ ¿f-rcj. asse:rbI er d.i rect iye -croc essinc.

Jr-It is possible tg speclf¡r 8-bitr ASCII input for the TÊL/16O,but this too neeCs 'uo be ir"ensforinecÌ into T-aLL characters.
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Each elemeni ln a Junp iabre j-s a haLfv¡o:'d (tg'i) ¿ispla.ce-
nent fron a pre-d ef ine,L meno ry 1oeaiion (egS¡) to a specif ic
routlne. thls is a t'.,^io-byte-per-entry saving over the norrnal

fUll t¡ord aC.clress constanL. Halfr,¡ord- S-cons.r,ants coUlC. have

been used insteadr. but d.lsplacsrents seened more flexible. .Àtr.

S-conste¡t requires ad.dress nodifica.tion and. reserved. space in
the lnstruction strean. Ðisplacemerrts, on the other harr.d.,

alIot¡ indexed- addresslng, rvhlle the tables may be stored. as a
d-lstlnct CSE'JT. In ord.er to mlnlnnize the base reglster alloca-
tion, thts space consid.eraÐ1on l,res en inporLeni- factor

Altogether, Lhere are seveil Junp tables as follorvs:

PASS 1:

PASS 2¡,

INSTYP i

DÏRTAB

AÐDR,TAB

ADD4DIR

ïi\srYP2

DIR,TAtsz

OPlAB

ldentify instruction type

ldentify assenbl-er clirectives
scan single- and- d"ouble-operand
instructi.ons (iiit h ad.d resslng nod_es )

scan asse¡rbl er d-lrec¡ives a¡d- oiher
lnstruclions without add ressing nodes

ldentif¡r instructlon type

ld.entif y assembler d.i rectlves
slmplify and. evalrrate expresslons

SC-AJVNII\iG

P¿Ã-11R Asse¡nbl-er Language has a well-d.eflneC syntax struc-
ture which relies on speclal ter.¡inaiing and- separa.r,lng charac-

ters" Thus scanning in Pess 1 is accomplished. by means of a

TRanslate ancl- Test (tnr) lnstruction on the ASCrr source. The

d-ellmlters are assiSned. the followina values fron the t¡.anslate
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table TESTTAB:

Charact er

+

&

.t
I
\
II
o
t

c
d./o

blank
@
4
I

rl

Byte Code (hexadecimal)

o2
o4
o6
OB
O¡t
oc
OE
10
12
14
16
1B
1A
1C
1E
20

These hexadecinal cod-es represent a dis-olacelnent into e Junp

tab1e. Succ essive d.el-irnit ers point lo succ esslve halÍ,¡ord.s

ln the table.

Several Jrrap tables exlst v¡hich speclfy d.ifferent bra¡rch

aclc.resses for the sane d"elimlters d.epend-ing on the passr or
ivhich type of instructlon is being processed.. !'or exarnple, in
branch instructions, the dellmlt,er # is lllegal and rvi11 gener-

ate a. tQt flag (Questiona,ble syntax error. ) rn single operand.

lnstructions, however,'uLte íl ind_icates lmined.iate ad_d_ressing.

Slnllar'ly, Q-errors are generated- r¡¡henever ac.d.ress inod.e syntax
1s encountereC illegally.

The scanning uses the result of the TF.T instruction (rn
iìe8i st er 2 ) as f ollol¡s :

LH
B

R1/t-, aÐDRTAÊ(Fi2 )
BêSE( ,114 )

BR.Î¡.8
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As soon as the instructlon type 1s id-entiflec, the appropriate

Junp table is lnseried. into ihe inslruction to complete the

scan" Junrn tables are rswapped.t by aC.Cress nod.iflca'uion uslng

S-constartt s ¡

ïnsiruction Type

operat e
assernbler d.irective
single operancÌ
monitor request
d ouble opera.r-rd-
reserved. for conunent
RTS
reserved. for error
branch
reserveö. for d.lrect assignment
JSR
unused-
trap

S\fAP JU..íP TA3LtrS

Byt e Cod- e ( hexad. ec in al )

oo
o2
o4
o6
OB
OA
oc
OE
10

2
4
6

18

Iivc

¿ÐDl DC
AÐD2 DC

BRTAts+2( 2) ,ÐpZ
s ( -qæp.r¡,n )
S( ADÐ4ÐTF.)

IITSTRUCTICN ÎYPE IÐ5¡TTIFICATION

ïn a sinilar ir'âyr Ju¡np ts.bles are used. to id_entlfy the

lnsiruction ',,ype" liere the d.isplaceinent is taken f ron the

Permanent synbol Tabre as the PFLAG for ',,hat mnernonic. They

are sr¡nmarized- as follor.¡s:

Aõ S BÏBLER i,I T ?.EC T IV RS

slnce each of i;he Assenbler d.irectives perfortns a unique

functi.on, ancther Jump iable is usecl to loca.te the branch

adcLress for the apiropriate d.irective-handling subrouiine.

?his dfsplacenent is also taken frorn ihe PS? as t,he PVALUE
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entry as f o1lor'v s :

Ðl rec bive

,î/foFf)
. TÏTLE
.RAÐ50
. LIiriIT
. GLOBL
. EV4{
" HVD

" 
ENDC

.CSECT

. BYÎE

.ASEST

. ASCTI

.TFZ

. ÏFI{Z

.IFI,IÐF

. IFLE

. ÏFL

. ÏFGE

. ÏFG

. IFÐF

Di s"olac en en-t

o0
o2
o4
o6
OB
OA
oc
OE
10
12
14
to
1B
A
ç
E

20
22
24
26

This enables different subroutines to be ealleC 1n pass 1 and.

ln Pass 2 for the seme asseinbler Cirec'r,ive.

US-ER, SYÎ,IBOL TABLE

A synbol table is requlred_ for several reasons. It pro-

vid-es the lnfonnation r+hlch enebles ',,he Assenbrer to reprace

operanos by storage addresses. simplifying expressions and.

error-checlling involve eri¿:ninlt a r sy;nbol¡s at.bributes as

stored- in the UST. ReEister s¡nnbols must be id.entified. to help
d-eterntne the ad.C.ressin3 nooe. P.elocatabl-e sylabols nust be d-e-

tected- in crea.iins the ¡racl:ine cod.e. in e.d-d.itlon, throughout

the as"u*bly, 
". sylabol is referred- to by lts synbol table loca-

tion ra,ther tha,n the characLe:: string l"¡nich raakes up its naxre.
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ATTRIBUTES

tsoth the UST and the GSD use

synbol attributes. These tflagst

8-blt field.; (u¡tAGS, GFLAGS)

FL^4.GS

Blt Nane Funciion

the Íollorring forl:tai for the

ea,ch occupy one blt of the

These tflagsr are set or cLearecl as the

rvhenever a sycrbol 1s f lrst eÌlcoun'uerecl,

or is d-efined- by d.irect assigrrnenÈ"

d.irect asslgrr,nent

a regi st er s¡mbo1

a gfobal sytttbol

a relocatable syrnbol

the progra;n counter (. )

an und.efined. symbol

cond.ltions dictate
or appears as a label,

=
6/tr

Lf

R

ABSFLG

REGFLG

GLBF'LG

RETTLG

PCFLG

UNDF

lnd.i-cai es

ind.lcates

ind icai es

lnd.lcates

ind ic at es

ind i cai es

o

U

LTi[T(FÐ-LTST

The UST is link-1is'ued- into elphabetical oz'd.er. Ai the

expense of increasing the slze of each symbol table entry to
lnclud.e a link f ield., ii.ro najor aCrr,'ante8es resulied-:

1, Searching iinre is red.ueed. since only tl:.ose entries rdhose

ne.rne field. is alphabeticalty lor,'¡er than the rtest spnbolr need

be conpared-. As soon as a higher na¡ae 1s d.etecteC, searchlng

endg.

2, The User Sylbol- Tacl-e ce¡. be ¿'lphabetically printed. l;ithoui
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further sorting.
Other syrnbol table structures t¡ere cons,idereC. bui ¡e'jected_

f or ùhe f ol1ol+in,o; reasons:

1. A simple sequential listr al-though aclequate for snalL
progre,tTts, i s ineff ici eni f or I a"¿e prograîs.
2. Since varlable rra,nes al"e encouniered. in a rarrd_om orC.er, the
use of a tree structur"e r.¡ill not necessarrl¡r forn a rba.lenced.

9treet r'¡hich will minimize search t1me. Further, a tree s-uruc_

ture u"equires tl¡o lin]r fielC.s ratl:er the¡ the one u.sed..

3. å. binary orderecL synbol table is r,¡astefu.l of tlme since
whenever an entry is nad.er al1 sylbols located. higher in the
table mnsi be moved- to pr.eserve the orcu"to i,íoreover, the
exloecteci s¡'r-nbol tabre size is too s¡:rall to nahe a binar.y
search feastble.

SEAP.CiiII';G

The subroutlne SEA,.aCFì' .Þart of pass 1e ls used_ Èo place
a synbol into tkre user synbcl taìrl e anð-/or return lts s;r1boI
table ad-dress in Register 9. This operation, describecì belor.r,

is d.epicted. in Figare 3.

the link field. (UlfiVf ) in each symbol tabt e eirtr.i¡ is a

halfl¡ord- d.isplaceneni from the beginnlng of the synbol tabl_e

to the next higher entry. ¡i.ssocl-ated. uith the usr are three
pointers:

HIGHSYi:.í points to the hlghest entry
LOr¡,lSYI.i potnts to the Io¡,.¡est entry
EOTA3 poinis to the next al,a_ila.ble locatlon
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riIG}IS

FÏGUPE SE-AFCI{TNG EY LI,\JIÐ- LI ST

1 , Eefore sea.rch

2. ?lace new entry at the end- of the table.

LinÈ a-lphabeti-ca11:¡ ancl reset pointers.

riIGHSl'iri

136



A sln"obol is prevlously transfomecL lnto its rad_ix-5O

equivalent " The rtest sy:nbolr is always enterect at the physical

end of the table (as provid.ei. by EOTAE) ana linked. fro¡n the

current highest entry. Thus, during the ensuing or.dered. search

-- t"hlch proceecs.alphabetlcally by neans of the llnks -- one

of the follovring must occur:

1, The table ls enpt;r, in r¡hlch case the glven synbol is
the f irst eniryr âfld the pol-nters are initlaLi zed-.

2. The test.sy'rboI is found. before the end- of the list.
Then, that synbol alreaö.y appears in arphabetical orderr so

no changes result.

3. The test s¡.'rnbol is founcl at ihe end- of the ltst. ?hat

s¡lrnbol is ther.efore a ner,¡ synbolr efici ln fact the ner,.¡ hlghest
synbol.

4. A value higher the.n the test syrirbol is d-etected-. Then

the test symbol is a ne1./ entryr êrd must be lin-ked. ¿ppropriatel-y"
ït nay be the new lov¡est entry.

scR{TCr{ -A.RgA

The scratch area contains e su-anary of ever.ything errcoun-

tered. on the source cards. Each original source car"d. is repre-
sentec- by a. card inaE:e fo]1o',.¡ec1 by a sequence of cod-e r^¡ord.s

t¡¡hieh are in fact d-isp'l¿sements (into Jwip tables or the USI)

or o-r,her bytes of infornaiion. Pass z, then, selects the
correct Junp table and. uses these d.is^clacenents to locate the
brancir ad-dress f or'the requ.ired, processin.s. rn tÌ:is v¡âr:

lnfor¡na.tion d-etecteC. d.uring pass i is recovereC CLuring pass z
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wlth a mlninurc of overheaô"

Ï¡{STRUCT,TON ÎYPES

The instruction type code ln the scratch area ls the sa_ae

as d.escribed for Pa.ss 1. It is used_ as a. displacement into
the Junp table INSTYP2"

PASS 2 OPERATCRS

Note that not all delimiters in a statenent r.¡ill appear as

cod.e r+ord-s ln the scratch anea. Several characters are only
needed- ln PB.ss 1 to d.escribe the ad,d.ressin6 mod-e (ror exeÃple #

and @ and %) or to generate rvord.s of absorute data (such as r

and. "). Consequently, an abrid.ged cod.e of operators r,,,hich repre-
sent displacemenis into the Junp table OFTAB ls as forlor.,,s;

Operator Name Byte Cod-e (hexad.ecimal )

EOF end of file OO+ plus
mlnus
ANÐ
OR
comna
left bracket OC
right bracirei 0E

ERR eryor lo

EPÃots_]1ESEAGES

The error operator inclicates ihat the next byte rn the
scratch erea specif ies '¡¡hlch type of error wes cetected" This
1s the means by r¡¡hich all- errors ld.entified in pass 1 are
transnlt.ted" to Pass Z"

*
I
t
(

)

o2
o4
o6
OB
o¿,
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Erroz' ,',iessaçïe

A Äd-d-ressing eTTc?
B Boun,i.ary error
D Doubly d-efinecl s;n'nbol
ï I11egal character
M I'TuIt,ip1e la,bel
N Number eri.or
A Questlonable syntax
R R.egistér eruor
T Truncation ert"or
U Und.eflned. syrnbol

Byte Cod e

oo
01
o2
o3
a4
o5
o6
07
o8
og

I{henever ar1 error 1s encountered, the aÞpropri¿te err.or fra.g
1s lnserted. onto the program llsti.E, and. a aessage cod_e 1s

stor"ed- in a speclal arcay F*RP,FILE as folfous:

ERF, I ST¡4T

r¡here ERR 1s a one-byte error cod.e fron ¿bove,

STi:,fT is the staternent nuu.¡ber in a 3_byLe paclied. d.eclna,l
formai .

This error table ls prin'r,ed- out a'u the end. of eaeh job to
provid-e a. sr::nmary of all the ercors.

SCRATCIÌ AREA FORÌ,{AT

The scpatch area has a variable length for¡aat since the
number of cod.e words d.epencls upon ihe type of lnstruciion, the
nunnber of operand.s, the nu¡nber of te¡:ns ln .r,he o¡:erandsr â.nd.

the number of errors d.etected.. The general fornat of the
scratch area is as fòlIor"¡s:
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1. The card. l.nag€ ls BO bytes of EBCDIC eharacters"

2" The instructlon type 1s a four_byte field:

TYPE IC oP-coÐE

wher'e IC ls the lnsiruction type code;

ls an unused byte to preserve halfword arlgnment;
oP-coÐE 1s the na.chrne operation cod.er or a dLspracenentv¡hich ioentif ies an assenbÌer direótlve"

3' The ar8unents. ai"e each normally a four-byte f leld_:

¿.RG OP ST VÁ,LUE

r¡he¡.e OP is a Pass 2 operaíor;

is " öö*:"î" ;i:';f"?;"å"1:'î"å¡*uor
FF - lf the operanC is airsóIute d_e.ia;

vALUE is a d-isplacement into the LTsrr o¡. a.n actual va,lueof the operancl d_epending on Si,Í.

rf the operator is the error operator, the fierd is trr,o bytes
as descrlbed. previously.

4. The adc.ress f iel-d is present only in single- or double-
operand instructions.

.4ÐDR

where oP ls elther OO (¡or) or O.A (comna)

A .is the adCress nod.e for that operand.;

S1,.I ind.lcates the nature of any index word_sOO no index woro.s

Fil : ;;:3li;: iåå:i i:;å

OP A SI,¡f
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Î,{here no add.resslnf: modles are lnvolved., the operators OO

and 0A use two-byte fie'ld.s where the second. byte is unuseC-.

Double operand- lnstructions have another set of arguÊenls
' followed. by an address field.. Flgure 4 lllustrates three

posslble scratch area representations.

BRA\GH IVIASI{S

Throughout the Assenbler', instruction nod-ifica.tion is used.

to cha:rge the masks controlling varlous bra:rch instru.ctlons of

the form:
BC O TDEST

Here the cod.ed. branch masks are dumny paranaeters and. are reset

perlod-1caI1y by certain subrou'r,ines accord-lng to the type of

lnstructlon being processed." tsranches become successful or

unsuccessful by lnserting one of the foll-owing va.lues into the

second. byte of the instructlon.

Name_ Value Result

NOP OO EC O,ÐRST
BR{ FO BC l5,DEST

For exaia-ole:

co¡&4A BC O, STXEFÃ.
!ryI COì.f}TiA+1,8Pú DISABLE FU.ìTFIER. CO,L.',íAS

In single opera:rd ins',"ructionsr fio coanes are a,llorred.; thus

the above is initialized- b]'

ï,{VI gQjr!lr[[+l rBF*{ NO CO}.,IIIAS ALLCIfE]

fn double operanô instructions, one coin¡na 1s e:r-pected:

iiivl COriir.[A+l ,ì,ÍO? COi.ÎiA ALLCìif;]
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4FTGURE SCF.ATCII AR&rr FOPJ:ÍATS

op- cooe

d.ef erred. regl st er inod e

no lnclex l¡ord.s

CLR @Rl

data

value
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SEÐTIOi\ C MAI\TTs[ÀivcE

RESTRICTIOi{S

Thlg system is stlIl under a siate of d_evelopenent¡ Ðfid_r

need-less to sâ[r there are certain restrictions inposed_:

I " Up to 256 user synbols aIlorted.;

2. Up to B control sections;

3" Approximately 12OO earC.s per prograa naxinu-n;
' 4" No external devlces. F.ead,ing and- printing nust be d_one

by tire rqonitor request nacros.

The Íirsi t,hree restrictions nay be attered as foll_oivs:
'l . The user s¡mbor rabr-e size is defined by ihe para.¡neöer

SYì{LGTH which appears in an Eeu statenent aL the be:3inning of
the Á,ssen'l¡ler. Any other d_esired size nay be substituted_ here
to enlarge the tabl g without an)¡ oiher pro¿lranming conslder_
atlons.

2. Add.itional contror- sections tray be alloi.¡ed by d.efining
altributes for naned. con'urol sections in the GsD. For exanple:

Ð0 4HrOr,XrOBiOt

would- define a ninth csrcr r,¡ith the rD nunber co8r ârld. a

relocatable attribut e,

7. .4. proEra'e of over 12OO card-s wilL overf 1ov¡ 'r,he scraich
area on clislr" I'iore disk space ne.y be obtaineö- by altering
the scratch ar.ea ÐD card

4. No exte¡:nal devices wer.e iniple¡rente,L in order to rintt
the scope of ti:is ttresis a.t the ¡rasierts 1s.,,sl .
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lüA{,{ IIVSTR.UCT I O¡t i{tù¡i.ioÌ'U C S

Additiona,l instruction nne,ironics r.ay be. ad.ded. to the'
Pei:lrra"neni Synbol Table by inserting ihe aiipro.oria.te hexad.ecina.i

d,ata and. preservin3 the tablets al-phabetical order. The fornat
is descrlbed in Seetioa.A,.

For example, to inser.t a new opera-t,e instruction CCV:

and olterflow bitsClear Ca
ccv

15 12

where the ra.dix-5O eeuirr¿lsn¡ cf CCV ls O11f}6g or 13e61.,

insert the foIlol^ring betrseen the instructions ccc a:rd cLC:

DC Xt 11Ç:,60COOOO,{2OOOO'

s4+Es

The erl.or nesseges Eiven are sonewhai -reneral in nature.
Iiore specific d.ie,.3nostics ma.y be printeü. by increasing the
nunber of en?ar-cod.e byies (as Aescribed. in Section -e) arld.

inserting a coruespond.ing 
""r*u.g" lato the ar':ay EFF,ìüOTE.

Each rùesseJe 1s currently 6O characters 1ong. For exan,o1e,

the Q-eryors night be subclivided as fotlsiys.

Co_d.e

OA
OB
etc "

Error ì.iessa¡e

Q Synt ax Eruor:
Q Syntax Error:

Un-n atched parenihesl s
Unexpect eC # d-et ect eC.

rshere ihe cod-e ind.icates lvhlch messa¿e 1s to be 'orinted.; and

the error lxessage would. be definedr as Þart of the erray L'.ìF.NOTE

t¡iin -r"k.r.e ap.cropriaie Cris_olaceneni,
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I"TO}ITTOR REQU3SÎS

curuently the four nonitor request nacros are processed

ld-entically by generating three P;l,L-1lR instructions. ïf nev¡

¡noniior requests l¡ere invented. (perhaps .Optrll and .CLOSE for
files) a dtfferent type of macro expansion niEht be required..

In fact, the entire nacro feature could- ire enlarged to he¡d.le

al-1 the extend.ed- nnenonics. Monitor requests then could. be'

handlecl ln nuch the saire way a.s asserûbler directives. That ls:
1' The instruciion typu lvourd. still be ld.entified_ by the

Ju¡rp table INSTYPl.

2. specif ic nonltor reo¿uesis noulci be d.istinguisired, by

definingr a nevr Junp tabler såï l,IOìüTÂBr Ð.s follows¡

F-equeet Di splac eneni Trap

00
o2
o4
o6
OB
oÀ
0c
nìñ
lo
12
14
16

FRTI{TO
ÐT1 À'?'r nI Lrlü.,:-,/ l/

. Ð(IT

.DUì{P
PRTNTC
REAÐO
. OPÐI

" 
cLosE

IruL
Ðïv
SIIf
sQRT

trJ,iT O

HrÍT 4
IÍr.IT 5
¡ÑlT 6
nIT 7
TRI\P O

TRA.P 1

TRAP 2
TRq3 3

Thusr rrêtrr mana8enent facilitles and_ per-.haps a systen libre.ry
could. be lnc1ud.ec1 by slnply enla,rgingr the scope of ihe nonitor
requests. l,l-a'r,ur"a11y, rrew softv¡are .çgould_ have to be ad.d.ed to
the Assernbl-er (ana 'r,he Interpreier') to inplenent these new

f eatttres .
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oPERA.rrivG sYEgE{

The nonltor requests attanpt to períomr the funetions of
an operatii:.1 systein in an ariificial nanner. There is no rea:-

operatlng systen softlrare ln the PDp-1,l core. Lather the onu.s

1s on the fnterpreter to provid.e these f eatures through IBi.,lts

O.S, However, thls ls still feasibler ânå can renain invisible
to a user of the simul_atlon.

Thus, such things as external d.evlces, forrnatùed l/o, and.

even asynchronous o-oeratlons nay be successfully sl¡rulated.
The ehief problen 1s ln d.esigning a:rd. lnterpreilng such f eatures.
The Assenbler must provld-e the fnterpreter with whatever lnfor-
matlon is required.. Thus, fonnats for control blocksr and. system

tables must be rlgorousry ti-efined.. since the a.ssenbler and. the
ïnterpreter were rv:'itten more or less lnd-epend.entlyr a full_-
scale opera.tlnE systeil l'¡as not implementecl.
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colücLUSI0i{

The PÐP-11 simulator is cnrren'r,ly being used. in conjunc-

tion r,¡ith a erad"uate level coiìrse on conputer. har"d.t¡ares a.u the
untversi'r,y of I''{a-nitoba. students are not only explained the

architecture of the PÐ?-11, and- the pr"lnciples of stack-pro-
cesslng, bu.t are encouraged_ to apply thls knowled,ge by creatll1g

and testlng progra:ns on the PDP-11 simulator" Thus stud-ents

are ¿.llor¡¡ed. to d.evelop sophisticat,ed- soft\,¡are for the pDp-1,¡,

and. even to d.esign their or,\¡n operatin.q systerix.so rn this ll.ra.¡rr

the slnulator is a valuable teaching aid. a.r-rd, as a supplernent

to for:nal lecturesr câir orovid-e a beiter insighi lnto the

capabilities of the PDP-11 coi:lputer.

certainly, d-ue to thl-s exposure to the PÐp-11 simulaLLort,

siucents aay urge tha.t add,ltional f eatures become avaiLa.ble.

rt is expectec- that external d.evices and prtbrity interrupts
v¡111 be inple:nentec. in tne near future. othetr possibllities
lnclud.e formatted. input and- output, flcating-point arlthmetlc,
and. a systen llbrary of comÍi.on user subroutines.

Infonaaticn on proced.ures concerning ihe use of this
slnulatlon, incl-u.d-in$ an}' revisicns vrhich may be maC-e in the

íuturer mâv be obtained. fron Dr. carol Abrahan of the Ðepart-

ment of Conputer Sclence at the Universiiy of llanltoba.
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