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.1 MARUARL OBFECTIVES AMED RERDER ASSUMPTIONS

This manuval iz intended o enrpbkle users to devsiap programs  aaded in
tive MAC2N-11 aszemnly langusge. '

Wo priar Tomowledos af the MLCRZ-11 Helacatable Assemntley if%  Assumies |
baat (o L& raader showls be Famiii~s wich Lhe PTpE-31] ;-\_.'I'I:'l'._'-ﬂERE-I::I.'F: aha
relatsd tarminelany, 22 nresantas i the POE~21  Tracessar Handhack:s.
Toe rFeads=e 15 alsn  shccdraged  to become Zamiliar with the linxing
nrooess, 05 presented In the eaplicable system manesl o (soe Saochion
@.3), becsuse linking 12 neceseary for <he development of executahle
gragesam:s,

IL 2 terminnl iz availakle T2 the caader, hefshe Is adwised ko bryw
zome of the avamples 1o Lhe manczal or So write a lew Eimple programs
Lhat Illostraee bhe concepis foverad. Even eXperienced orogrammers
Tied  t=ar  waryi ni;  with nosbimplae aroagsrdas helps fioam fa dnederrstand &
aopfusing feature of a new lamguage.

The axamples in this mapuei were Gone an an W1-12  systemn. MBCRG- 1]
ma s algn  fHa  moed on TASSACX-11W ¢ REX=]1TF-PLIS And RGTE syshans (uoo
Part IW ifnr information abour oprpatisg proopduarnst,

't can ke sasumed that 3511 refasrerncsr ko REX-21M aleas  apply  tao

Hew=l'w.pLIU0s with tho necoptinn ni chose 1m Chapter B, which deals
wilth each aystem imcividonlly.

BTRICTHRE OF THE BOCIATNET

Za
~a

This manusal bhss four partas and zicht aprendicze.

tart I introduces MATAO-1L,
Chaplaer L 7 iswts Lhe key Feoabaros of MADKD-1:,
Chaptaer 3 ideqliltiea kpe 3dvantagez of following  prograsming
siandards and copaventiang and describes the farmat wvsed in coding

MACHEO=11 Saurze pragramsE.,.

Part LT presents qQenera. informaricn essentizl ko programming witl: the
MACEO-11 assembly languages.

Thaprer 3 liste the charazier et and  descriiies the  synbols,
Cetrma, ahd  eXpPr Essians [ A $3-0 3 Form  bthe alemrrts of MROERO-L1
Insrroctlens.



Cheprer 4 describus bhe outbeh: nf ¥ACRD-11 and proesents coancests

=

essentlsl o the proper relucetion and linking of chiect modulsas,

Chaaror 3 deseribes how doka 2tored in memory can be agcegsed ahd
manipuleced ozing  the sddressing modas cesoqniged Ly the PLP-11
Hatdcware,

Perl TiI firsceibea Lhe waADi-11 Adiceclives that oontrel bhe PreseEsing
cf source stalkomenrs Soritg aszembly,

Chapler 0 dizcusses cizectives us=d for oeperalized MATHD-1L
functians.

Chapter 7 discvsses direciives ased in bhe Z2rfFinitien  and
eXparsinn of masres.

Fart I zrezents the onerating procedures for asaeshlicg MACRED-11
EFrosTams.

Chegver 8 covers the TAR, RE2-13%, and RIX-114-PFTLUS systems.
Chanbter 8 covers the RATESRT-11 svetems.

Appenain & liste the ARCLI  and Badix-3R  cheracter sets used in
MAETRO-17 DFograms,

hopencix B lists the spesial  chsracbters ruocconized oY MAZHD-11,
gamzatires  the syntax of the various ogdreseing mudes osed in PoP-1:
EFrangisors, &nd Srictiy Sescrikbes the MATRD-11 directives i
alphabeticzl order,

sppenidix O 1Ists alphabecicaity the perzanent avmanls BEhat  hRave hoerk
d=fined For wne with Hadsos1],

Appemidix D 1ists alphabetically the error rodes producsd by  MACRO-1]
tn o idontify warlaus  typms of  prrore detestad during the Ansembly
Pracess.

Aupendis E Cuntains a coding stenderd Foat is recommended practice  im
preparing MRZREO-YT srugrass,

AUENRGiE T digcusses severs]l methecs  of conserving  dyranlc memary
goave for wsera ofF amall  svsteme who may experizpoe Fitfdleouity in
azsenbling MATRO-11 pregrans.

Apprndixn G ig & dilscufision of mesition-indencndent code [ETOD,

sppendls i eonb=lns ap zesembly snd cross-Teference Hsting.

Appendix T cantzins obsulele “ACRG-11 directives, syntax, and cammand
Zine opiicns.

Appendix  J  describes  khe Siffsvernces [roe the laet ralsasn  of
MACHM-1 1.




A.4 RSEQCTATED

LOCOMENTE

fup descstplblans of decumerts assccolated Witk This  =amuaa_, refer %a
kEhe spp.iceble doasucmentation direnrnry Jlstad below:

Lef Dooupenlalicn Tirecoary

REK-11F-FTL,

15 Informasion Dircckory and

ITndax

REX-LIMAa5x-115 _oformalion Directery ancd Inder

Suide Lo E

T=-11 Docunestaticn

HETS/Z Jac

umentobiar DIrec l'.-::-l:_"-.-

B.4 DOCUMENT CONVEMTIOME

Thex palor S0 i
type-in,

g nsed in warmand  sbrirg  examples tTo  indicate  user

The svobols Jdelirec belew are used threaghaut =his manesd,

gymbal

[

IR R L e
CHARAMOTERS

IGWET-Ca5e
charocters

[

Teliniticn

Grackels drclcale thst thse enclaszsed argumenrt is
cpticrnal.

E17dpais led calkas sobianal continuabion cf an argument
list in the Earm af thn last specificd argument.,

Upooer—ocans characters

1 ale o_emenlkls vl the languaye
~hat Tust ke amsd oxsant 3

5
e
i ghown,

Lower-case choracters indicote elements ¢ the language
that arc suppli=d by che programmert,

T some | nstarcoes thas gemoo_ [k 1@ e Fallowing o
nemner i nginasn =hr Fadi=. Tor pEemple, 18808)
indisztes that 133 iz an octal walua=, while 180233
inrdiraTes A Aecimel wal e,

=i
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CHAPTER

THE MACRO-11 ASEEMHLER

MaCRD-11 :fl':il'\.fidE'ﬂ- Lhe Fallowirg Fesooras:

L. Baarse and qgmmand ELring conbro:l ol assembly funaticons

Z. Device and filapime spacifications for inout apd oulpuoe files
3. Erreor listing on coamand oubpob des oo

4. aAlpghabellred, formabbnd  swmbiol toble Zisving: aptional
arnys—raferance iiating of symboiz

5, PRalpoatiaie abject medules

. Glots: symbels for linkiomn apject moduelas
» Conditlenal mdsembty directige:s

d. Program soctioning divectives

B, Useg-delined meoraz argd macco 1lb-arics
1A, Eomprehensive system macro liprary

Li. Extensiwe  3odrse  zod  zoamsnd  57ring contrel  of  Clseing
Functions,

MAECEI-1] asssmanles cng ot Jors RECTT scurce Files containing  MACRO-]]
Stakteptents  ipkte a sinals relocaboble Biosyyw obbeck fila.  The purnpot
of MASEO-L) consists 9f 3 binary oblect Lile and e le ¢onteining the
table of contents, the azsewnily listing, and the symbal toble.  An
gptional cross-rafarenne Tisting of aymhols and Dacros i1s  aveiiabie,
A& sample assephly ligseclng 1z proviced fn Fopondiz 5.

.1 hESEMBLY PRES ]

Lutiny pass *, MACRD-12 lacatas ond rzads nll required meovus  brom
Sibraries, hkuilds  svmbel tables  and oreqram secclan rabiles for rhe
Frodram, 00 perlarms a rudidentacy 2ztembxly nf pach zoarce Brabement.,

In tha £first etep uf assenbly pasa 1, MaCkRo-l1 inml_ dalfvesn #11 ke
Imure data aress [sreas containing both fcode and deta) that will he
need internally for the sggenbly procese, These  arses  imclode all
dynamic starage and foflse sr=2se used as Tile stoorage reqlons.



THE MACRO-11 ASSEMIOLER

FARCRC=11 then calls a evskes suorcutics whish traksfenrs & commaid | ipe
irka  mamury. Thiszs commars 1inas containe Lhe =uenificallans ofF all
files to be used Avring assembiy,  After acenring the comband lina For
proper syntax, MACRD-1: initialires ki snozified culous Files. Theso
Fiies are opencd to datermire 16 vallé avtput file specificazicne have
ben pasged in Lhe command line,

MACRO-11 fow Iribliates 4 rootine which retrieves soucee Lives ©rom  thoe

irpus File. If no inpul Fie 35 onen, o5 iz Lhe case of —he Leginnirg
at assembly, MACRO-11 apens the next inpes file  specilied i the
ZEmmand Tipe and startks asfemb] Tng bhe sodros sbkssmronos, EAMR=11

flrzl dekprwinas the ilength of the fnstraztionzs, Lhen assembles il
evenrding to leraih as ore word, bLws woreds, ar BEhfeo words,

At the end af assesbly psss 1, HACRT-11  reasons  the ouluot files
Aoanribed aboewe, fuch infarmation =2 Lho cobjech mednir name, the
Frogram wers=ion number, dard thoe glensl symbel difonrary (3000 far eack
DProyram  section  are oulpus tao the obiecr Fils to be oged lster 'n
Tinging Lhe ohject modules. Aller writing oot The SR “or 3 qivsen
pradqeam sertion, MAZHO-1Z scars Lhoougk che symbol Laklcs *a find all
the glabal symiaals chat are houed o chat particular pragrem  seolioci.
MACED=1] then wrlles oot G350 rsecords to kRhe ochidegr Filae [ur thesp
symbola. This proeess I8 dene for ezch gragrom secticn.

.2 ASSE®BLY PASS 2

o o puss 2 MACRI-11 Writes the objett recards ko the auLpul lllie while
quneraking  hoatk the aszembly Zilsking and the symboel LeLin 17sting for
Ehce program. A cross—roferarce Jizting may alioe be goceroted.

Ramipally, ssgembly poss 2 ronzigla of Lhe semn steps petlorsad  in

-
agsemb Ty ness Ly esceplh Ehat all seurce  stzlemoenrs captainisog

MRACEO«:1 -delecied vrrocs  are flsgaed with  an weror oode Az the
apeaembly  lizking Fite iF oreatzd.  The ablest File thaot i@ credated as

the final carsaguenze ol pass 2 nontains &t the objsrct  records, .

togetber  with relocallar encocds that hal? =he tnfarmatian LEoBesmry
Far linking Lhe oblact £31e,

The Informaticn in the objeci File, whon paossed Lo che "=zl Hoilder or
i.inker, enzbles Ekhe glabal  symbels 1o Lhe eolecr modulezs Lo ow
asgocisbed with abselute or wirkess memory adéoeszez, Laereby forminn
atn edecutshle pody of code.

The wssr mTay Wwigh ko boeeme Eamiliar wivh the macre objecl 21w farmst

ARt desoriokine, Thinz informsbisn f2 prescpted in Lhe spplizabls
swsbnr manesl (zee Seatien 2.3 in Lhe Prefaan],

Znd



CHAPTFER 2

SOUIRCE PROGRAM TORMA'T

Z2:3 PRHOGRAMMING STAHNDARDS AND CONVENTIONS

Programming standeris ard comventions allcow code writrten by & persas
y2F Jrowpy;  ta ke exsily underztood by other people.  Thoeso skandacds
nlso moke the progqram sszater Lo: :

#lan
Cocmprehend
Teol

Meael i Py
Conyelrk

The acgual stenderc ueed most meek local dser reguoiremonrts. A somple
col fhg gtanderd is g@prawvidnd in hpyﬂnﬂlx £, Us el by TIGTITAL and 1Ls
uszers, this coding edample simglifies bBath  cormunicacioes aRd k5
continuing task of gofbtware aalatenance =nd loprovement.,

2.7 STATEMENT FORMAT

F. saourse projesm is compossd of  sssembly-lasmguage  SERtEMNSNTs. vach
sfatepment musk be compleled et ane Line, Althmegh 4 lice may oontsin
137 characters (a longer line caueez an ertor (L) in the assembly
iisting) a lice of BT charackerss  is . recommeiced  because ol
congtreints Linposern by 1Pntiog Eormat and Tarninal line alze. Oleak
lipea, elthowgh legst, bave no sigriflcanse in the source program.

A MATED-1] staterent may have as meny a8 L[owr Eields:, Thaese fislds
are identified by their arder withlsn  the skaizzent andsor by the
géparating characters betwsen toe fi=slds. 7The qgenerzl Ffopmat of 2
MACRO-1T atatement iz

{Label:] nper=xgr Jpecand [;rrommend {=)1

The lebwe] and comment fields ars optional. The vparator ond operand
fields area Inrergupendont; in ethor wards, when bobkk Flelds =en
gresegnt in oa sourea statament, eack field 15 eveluatbed by MATRG-11 In
Flie wontext of the othor.

A statenenl may contaln an sosrakat acd na operand, but the reverss 3
ol Lrue. Lo ogbsbement Saptsining ap eperand wWwikh ko operzinr I
illegak #nd iz interpreted by MRIRO-11 during sssembly os an inplicd
JHORDR directive [mes Sention H.3.30.

MACRO-1% interprets And RICTSSSSE S0Urce  Drfogram  statemants one by
3y [ Each statement causes MACRD-I1 elkhuer %n perform & specilied
agaembly proocss or to gensrate ane or mare kRinaety foskrfeccinns nr
data wards.

in
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SONRCE PROGRAM FDEMAT

£.2.1 Tahgl Field

A oZmhel de & uder-defined symbo: which 6 ansignped che wvalus nf  ths
current locailen  eounter  and  2nteced  inte the pser-definnd symhbel
taale. The ecuercent Zacetilor covnber in osnd Ly MAIED-17 kun  assign
mEMary  addrouses ta Ehe Sourse Grogream sbatemenlz oas Lhey aps
enaIunlesed during the assendly process.  Thus, a lakwel iz 2 measnz  of
eyvmbolizally referring Lo a specléiic soatoment.

Whe: a progesm sectilon I absriors, the valos ol bke —urrernt  localbon
sgunter 1 abselote; ite volue reference: an sbeclote virtwal memary
adireas (such an locaticn ZME). Simllarly, when & progrsm seclion  is
eelonztatle, the walas of the czurront lagatiop counLer 1s relacatabkle;
g retacation biss caloulsbed &o Iink timo i5  added Lo Rhe svoarant
virlen of the curreat losation couREteT Lo e2iebilisk its effociive
absolute wirtyal addres= at execublon  Lime, (Fer =& dJdiscuasivs arf
Brogram s=2clicna and thele atkribobes, sss Section R.T7.%

[f mresenl, & Llabel mest bhe “he First field Lo 4 usuroe stotemsnt  and
mast L& termipated by o ooioan f:). Fobr eXemnpics, i the walae 2f the
currect lezation oceunber iz absciute ZARIAY, rhe scoteomentr

AR Mo AR

azfligns the valae 123{E) to Ehe lobel RECC. I the louarian counter
walue were relocatable, the final walue ef ARG weald e LEE(834E,
wrare K orepresentis che reloczbion bilas of tha  pragesm seckion, o5
caloulsbmd by the Task Builder or Linker zt 1ink tima,

Mure than one label nay appesar withicn a sipgle lobkel [Lield, mach
Isbel =ma =npecifiod is s5s5igned the sane addross we oo, Pop example,
LE <he walun v tHe ooreent loosbion faunber ls 183(8),  tha mul+tipie
labels In the Zgllawing statement ave each asalghbed —ke wolue 186087

ARC Tan: L Mo LR

MuZtip_e latels mey alaa appear on successive lines,  Por exampie, che
soatements

BEC:
S5Ma%s
Talz Mo B

ilkewise cauge Lhe gage valoe ko be azeigned ko all  Bhree “abels.
Ttzl2  decond method of assigqrine mallisle labkely s prafarred becanse
positlondng bhe Fields consistantly within Ehe  saures  progrem hekes
the progersm cexief to read i{see Jechticr F.3).

hodouble ooian (r:) definez thks l2bkel as a  glebhsl  aymbel, For
exanalo, the stotement

ARCD: MOV F )

eglablishes thr Zabkel A2CD az a o¢lohel  symbol, The disztingnishing
ntbribote ol 2 glohz: symbel i3 that it 2an 2e referensed Frarm wilhzn
an ubjeck wodule ether than the madule 15 whizh t5e svnbol i3 delinsd
lgee  Section 0,80 ar by indspencently asscohled obkject modules.
Rele:pnoes o thie label 3in ather modules are  cesolend  when  tha

medolaz are Zinked as a comansite exaontalkle igave,

S e ——— e s — P . S SR N Rl L W = e mm me e o




SDOURCE PROGREM PORMAT

The legal charscters For defining labela are:

A EReowgh 8
£ throuwgh 4
(Parind)
(Dellar Sign)

Sl

HITE

By =anventicn, Lbe dellar sign {5)  and
Ferlad (.} are researved for ues  Ln
defFlping dIGITAL ays Len gafrcware
symbols. Therefore these charzcters
should mot be wsed In defining labele In
MACRO-L1 Sauarce Eragrams,

A ldbel may be any lemgih; hawever, only the first elx characters are
sigaiflecant end, therefore, must be unigue among 2%l bhe labels in the
Zoufor OEQaram.  An 2trer ocode (M) 1s geperated in the aaseshly
listing if the firztr elw chearacters in two of more Labela ace the
aame,

A symbol dged s: & label must net bBe redefinsd within the source

B CoaCam. If the aymbel 12 redefined;, 3 label with & muleipls
dzfinitinn results, cawsing MACEN-13 ta uenerace am ercor code {M]  In
the assembly 1llsting, Furthermore, any atetemant in the Doprep

peogram which referencez a multl-defined label generatez an errar code
L0l in the assembly listing,

2.2.2 dfpetetor Field

The nasrater fleld specifiss the action o e  performed. It mavy
cenglsk of ag instruction moneRunic. (op code}, an assembler dicectlve,
ng a myore call, Chapkers & and 7 Bescribe  thesz Lhree Eypes of
aserntors,

When the overator iz an instrocticn posmomiz, 2 machine instruction is
geterated and MACRO-1L evalustes che addresess of khe cperanda which
fallow. When the cparator is o directive MACRO-31  performe  certain
central  actions  of  proceasing operetvions during the zeaembly of tha
soucce prograw, When kEbe pporater is o maefre call, WACRG-1I1 inmserts
the rode generated by the macra expanzign,

Lacding and treiling spaces of Tobs in the operator Fiwld have Bo
Significances such chacacters serve oaly to separats the ounarator
field Erom the preceding and Following fielde.

A epetrebkar e Errmipoted by A space, Lakb
chagaeoer®, as ia the folloewing erenplizs:

r o ary nef—A A N5E

MDY A, B iThe space Lerzinsteos the operaleor =0v,
My L iThe tab teeminstes che operztor MOV,
MO A iThe B character terminatos the ocperakor MoV,

* o oappsndix ALZ comcains a3 lakle af Redix-90 chatvacters.

2-3
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SOURCE PROGRAM FORMAT

Rlihauwgh the statements apcve are all equivalent 1r  fupstien, the
seforel 2batéemnpnt fg khe recommended farm because ik carnforms rao
MATRO=-11 coding conuwentions.

Z-2.2 Dperand Field

Whes the aperator 12 ar instructlen moematls (ep cede) . the omerand
t121ld rontains progqroT voriablez that ore fo be evalualadf/menipuleted
By the operabtor.  The aoerand L(ield may &slsa auppily asguments o
MATRO-'1 directives end mazta calls, as desocribed in Chanters & and 7,
rr:::.;:lﬂ*.':tj'.ra]',ri

Ouerands may be expresdiconys o gydlols,  dependine on Bhe  gporstor.
Mulbbipl: neacsssions ueed in Lhe aperanmd £1e’d of a MACRO-11 sfak=mert
ausk be geparated by a comes; mullbiple evmbals simliarviy wsed may  be
delimitec Dy any  ledal cseparabor [& comma, kab, andfar spoce). AR
operand tnoald bo precedsd by an operaktor field; it It 3a  aAnt,  the
ntatoment i3 treotad by KRCREO-11 as an implicir JWOED dlrective feee
Saerion £.3.E).

What tho npevotor fieid contsins an op code, aggaciated aperapdy ape
alwsys exprasslens, as shown i Lhe Solinwing secatement:

My B A5+2[R1]
n khr other hond, whes: the cperesbkor Fisl2 contains & 2 MKAORG-21
cirsctive or & macro zell, associated operands are poemally symbels,
as shawn 1n the Follewing statemenc:

MRS ALDRHE  HBYMI L HYHE

Refer Lo the dezcciphins of each MarEO-l: dJdirective (<Chapter 7)1 Eka
gdetprnine the fyns snd number of operands required in isewlne Lhe
divective.

The vperand ficld iz terminated oy 3 semicclon when the [fleld e
fallawed v a commentc. For sxanple, in the follawlng abatemosnts

LEEEL: LN K rCammerk Fieeld
the tab botwzen MOV and & teeminasc-es che operatér Liid s&nd anfinecs
e heginming of the cperakd Eield; A& comms separates bhe aparands &
and B; and 3 semloclon fterminates tne eperard (leld 2nd geflass  the

beginning of tho cerment field. When no comment field folloews, Ehe
apsrand fieid is terminsated hy the end of the acurce Line,

2.2.¢ Comment Flieldd

The commert Eield Aorrelly heging in colome 13 apd ertends througic the

gnd of +®FRa linn, This Firld is opticonal and mavy contain any ASCIT
SRR LTS o nEarpt rall . RUBEZUT . carriage-relurna, ilne—Eeed,
Wertical-tatn nr Fara-fend, £17 nrther rcharaciers appeacihg in bhe

Zomment fisld, oven speaial charocters cegerved Zor ase  In MBDHED-11,
are  checdad only Lot AROTT legelity and shen Ircioded in the assenbly
ddaclwg a2z they aopesy In Ehe Eowree cexk,
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SOURCE PROGHMAM TORMAT

ElY comment: ilecds must o1 wiklh &  semicolan it wh=n len_-gt_h!?r
capficnTt:s eitand  beyond  the epd of the zcurces line (colomm BNAT; the
sspmment wmay be resumed ik A foliawing lire.  Ruch a line must  coctain
2  leadking semicalan, apd it is nugsested that the body of the cooament
be continued in the some columnar pogiticnm o waleh khe soement began,
A pommant  lime canm also be  Included 2 an epticely separvate line
within che cods bady,

Zammer:lLs do not affect aysombiv o prooessian eor Droqrem eXecsiian,
Oowever, Combieok:s arp npecsssacy in scurse listdngs Eoe igber analvsis,
debpsyging, or dosumsniatian purpuses.

2.2 FORMMAT CCHNTROL

Hoeizonzal farmazbing =l the eource progeeam is zantealled by the space
and kabk characters, Theae cherncters bave o affect an the azgemold
Brocnss snless they are embedded within & syabal, numirer, ar  A50LT
Lext artlig, or unless “hey are usea a2 the sperator fFigld cerminator.
Tous, vhe speoe and kah characters oan he used to 'F:r_'-:',riuje an oederly
and rexdatle source progran.

DISEZTRLYs standard sowree line focmal. L% shown below:
Zabkel - begins in zmalunn 1 .
Uoeratar - kRegine in colwin 5
Dunrends - bkeain in column 37

Cemients = begic in anlumn 33,

These Earmatling Conventions are net macg@ataryr free-rield ocoding is
parnissibla, Howsver, note the incrense readability alter Farmatking

10 Lhe pxamplee bolows

BEHCTET :BITEFMALZKE VAL ; 2OMPRRES BTTE 18 BREHAKDE.

L q i7 i1 ferelumns)

HoOQTET: BIT dMRSE, VALUE jConpares blts in URECONOS.
fage farmebTing nﬁﬂ assambly isting consiaderstinss are dissumsed  in
Chapter A irm Lhe conrtexs of #ACEO-X1 Jireatives that may b2 aoscifled

to aroumplisgh dealped lormabtiing operations. Appsndix £ conlaiss A
samnla coding sceandaris,
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CUAFRTER ]

BYMRBOLS AND EXPRESEIONS

This chapter descelbes Lhe coamponents of MACRD-11 instructkianss the
character =set, the coenventicns chserved in constructing symbels, and

the uee of rumberes, cpsralors, bterms and expressicna,

J.1 CHARACTER BET

The follewing charectars ape legel 1o MACRD-1L Bouros progyams:

Y. Tho letters A thraowvgh Z. Hoth usppar- and lower-ocase  letiere
are acceptable, althowgh, vpon input, lower-case lekkers are
oonverted to uppze—csse [See Sectlon AL2.37, CEMARL LoD .

2. The digies & through 9.

1, The charachters .
characters ArLe
Corpareblon system pragram vmbols,

(peciaod}l  and §  (dollar

4, The zpacial cheérachzrs 1Ested in Table 2-1.

Table 3-1
Special Characters Used la HACRO-L]

sign) . Thesa

reascvyad for use as Digital Equipment

Character Deslgrnatlon Functinon

: Colot Labe! torminator.

1 Laweble colan Lebel zerminator: definee the
label a6 & globwml label.

- Fgqual elgn Dlregt essigrment operatar and
macro keyward Indiestor.

e Dockle egqual Dlrect asslgnmeant opetator;

sigm deflnes the symbel as a globkal

Symbol.

Bguel ign Solan
magrn kevword

Nirpct assignment

oierator s
ihdiuatﬂr;

causAE errar (M} In listlng if
an  attempt (s made to change
the valus of khe symboi.

teantinued on wext page)
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SYMROLE AND EXKPRESSTOME

TaAnle 1-1 (Cant ., -
Spacial Thoractars Uzed Lo MATRD-110
Character Desigmar inr Functian
= Coabile wyusl iveat assigroant aperater;

=t

LTy

Zign ooian

deefines the gvroa! 25 a gqlakal

gyixboc; CEUSES  BFEsE M1 in
liszing EE an akszemac i cade
ke chaore whoe waloe of the
Fymbol

Porosnt s53dn Fegister term locdicatregr,

Tab Ttem orf Lield terminakar.

Space Iriry ar Zield terminator.

opber =ign

At r_;j_:_|r:

imredlale sdpreszian
indicater. :

Defetrred sddressing dndlowter.,

wefr parenthesis Initia: ragizsker indicskar.
Eight parerbhesiy Terminal regizker ladicetor, .
Farinadg Currenlk loocstion onounter.

*nmma
Serloalon

Left amgls
Braciet

Wighkt ergls
hracret

Plua 8ign

Minus =iqn

. Bukberiak

Dperand field_sepe}aznr,
Commet.k Mield indicalar,

Tnikial arqumenl or eaprosaian
indicelor,

Tarninal argunant ar
eisrassion iedicabor,

drithmatis afditlon nuneotor -
aF aulalnermeenkt irdicakbkar. :
At ttbmetic subbrackiarn
nprrator of aubnadenrement

Indicatnr,

Arithmetie amulbkipiication-
spArstor.

Atithmetic divisien apsrator.

Zlash
ERpeTSand loeicol AETL cp=rator.
Exclamation pnink Logical ikclusivo OB operaloi.
auble aqibote Lawzle ARSCIT character
Indicalos. ’
ST [zontinoed an oext pago; -
32




EYMEOLE AND EXFRESSTOMS

Table 31 (Dot
fi 4 cpesial Shacacters lmed in MBCRD-11

Characker Dezigueticn Punction

. lagle gusle Ningle ARLTI checacter
indicakar: wy cencatenakion
Imdicakar,

- By arpow ar Urnilvsraal unavy operabtar  ar

aiteumflox Fregument indiacatar,

, Dacxs:ash Macee cill rumerle argument
indlestoer.

1.1.1 Separating and Helinibing Cheatacters
o,
: Legjel sieparating charackers and begsl zrgupent dellmilers zre  dellned
in Tables 3-2 and 3-3 rarpsrtivaiy,
Tabkle 3-2
regal Snopratline ChATactiers
Charactetr Definitiaen L=age
B s -
0 Epace fine AT Mare SpAcos % apace iz &3 leeal gegsraters
andSor tabhs bhatween instructcian f£islds and
ke bwien symbhizlic arguments
within the cperand field,
Spaces within pxprassicns arce
ignared [see Secticn A.%).

N Comink Ao oCaitma 1o o= lagal EERATator
between symboelic argumenke
withir the cpersnd fielc.

P ®iltiple erpressicns uszed In
: the opersad L[ield must b
deparkted Ly & Jaoma,
3.1.2 1llenal Characters
M character is flieqgal fowy oms ol two Eeascng:

t. Tf a charactar i5 nokt an element of the rerognized MRAORD-11
character get, it iz repliseced in the listipg by a guestion
mark, and an ecrar <ode {I) is printed 1k Lhe azsembly
listing. the exeeptien +o this is ap ambedded null which,
when detoocted, tecrminstex the scan of the curpent lirs.

2., TE & lege]l MACRO-L1 character is used jin & gfource sStatement
with 1(Ilegal or Queskioonsable deynksd, 2n errar oafdg (04 is
printed in the assembly listing.

-|i"h"-
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SYMBOLS ANDT EXPREESIONS

Tabhlg 5-3
Leds? Aroumeni Delisiters

Charazter Cafinition Ueage

LA Pairerf angle Paited auyin brackets may I
bracketa agead anywhers in & pregran ko

BN losn an axpression  for
craatment 2B &2 zingle  term,
Faired angle brackers are also
nesd ta enrlose a macro
arqueernk, Farticularly when
Fhat Argument contains
semarating charactars B
goocclon ¥_RL.,

TuL.,® Up-drtow [uncey This 2enelracting ie
oFeralor) cen- equivalent  in function to the
stegprobiaon, whers paired angle brackels
tira wpearrow 1s deacribed miionre acicl is
followed by a7 Aen=rally used only whero the
arjorenk fhat ia arguoment itself canktainz angle
Oracketed by avy bkrackets=,

Anired prirking
characiers (=),

+i.d Unaty and Binary Operators

Légal MACRO-1T wnary nparatorz are described in  Table
operaturs gre used in conngction with  elngle teems
eoerandad) to ladicate an action Lo be performed on  Chak
assanblv. Becausg 4 term preceded Ly a unary aperator
Lo’ contain that operator, a term 2o epecifiad
ah elpment of anm «dpressien.

Taole 1-%
Leg&sl Unxry Operskals

i-4. Thaty
{argimiantes ar
term during
ig ranElderaed

an be ussd alane or  as

Unaey
Doeratar Exglanatizn Tezmple Effegt
- Plus eign +24 Produgas the positive
wElue of A,
- Minus siagn 3 ProduTtes Ehg negative
(Z's canp] gaent)
“dalue aof A,
T (fant nued on nezt page)
-4
e S o s e e e



STMROLE AMND EXPRECSIONS

Table 1-& [(Conbk.o}
liegal Lnary Jperetars

Ubiar sy .
Cperator Explamaklon Bxample PEfect
- LBo-drEaw, universsl -1 Producan the i'm
binary oparator. complement waloe of
(Thiz wasge ia Fdimy
gescrihed i .
detall in nl1aT Inferpreta L2T7 as =
Seciian 8.4.) declmal wumber,
"E3.@ miorproks 3.8 .as o
l-=-word,
Flaaking-moint
numbsr.
TCAd Interprets: 34 as  an

eutal namber,

"B11/FE111 Lnterpreta 1looeizl
a5 2 bilmary numbar,

TRARSD EvdLiasates MR ir
Aafiz-h# farm.

T A VY S —

Fnaly apsmcators wan be osed adjacent to gaclk other or in conetructione
invelvlng multiple terms, a8 shown kbelow:

-"Dsa (Egquiwalent Lo —<"DEREY)
"LTOl2 (Byuivalant o TCLT0122)

Legal MACRO-"7 binaey operabtars atrs deseelased In Table 2-5, . In
contrast to o anary fperaters, Dinsry posrators sperily ackicns toe be
parfoemed on meitisle ftems or borms within #n expressici.

Table 3i-%2
Legal Blnaty Miecators

T

Binary .

Operater Bxplanztion | o "Example

+ Riditian . A+B

- Supttection . A~F

* Mul biplication AXE  (algne® lA-bit
prcduct rebudrred)

£ Dlui=zfan RAB O (Elgned [E-bit
gustient returned;

& Loglcal AN ' BT

i Logigal inclusive QR AIE

.
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BSYMEOLS AN EXPRESSIONG

All binatvy nperators feve sgqual priccity. Teras encloged by angle
Brackets  are evolusbed 20rst . and recdlning speratlons aryg oor formed
Lrvem-inft to right, 3 shoewn 1o she frxanmles be low:

JHORD 1429y sRqualy 22 B,
+ WO l1tgitan rEoquam™ay ToB

d.2 MACRO-1: BSYMEOLS

MACRI-11 mzintsing & #ymbkal takle for each ai the Rhres  symbol  Lyoes
that may be dafined din & MACRD-1L source program:  the Permancnt
SwmbnT Tanle BT, the Uzpr Systhol Table (O3T), and kEha Meorn tymbol
Tohle  (WMET). The p8T zentains 5.1 the perdannnt symbolszs cebised
within (apc kkues aviomstically recogoized byl MACHN-1) and i pare: ol
the MARORC-LL  1lmage. The URT (For whvr-fcficed symbels) and FET [Fore
macra 2ymbole)l are constoucted aw the source nmrogram 1z samembled,

3.2.1 Pertianont Symbole

Parmennnt symbols consist of the instracllion meemanios  (see Appendls
01 &nd MACRO-LL directives ‘gee Cheptors 6 and ¥ and hppendix A,
Thaese symbals are a permanent part of the MATRD-1.1 image and need  pst
be defined before oeirg pued in the operatar Fluld nf o RACRO-:1
Savrce sbartement [(see Seckion 3027,

3.2.7% Uaer-pefined and Macro Symbela

User-delined symhols are those ayvaooels thabt are egusted to 3 apecifle
walue throvgh 2 direcc zzsignmgpt stebement {sge Sedtien 3,7), apposr
£5 labelz (see Rection 2.2.17, or avt as dummy srgucents (ooo Seoticn
I I These symbale are added La bpe Usap Symbol Toable as =hey are
encoantered during assembly,

Fanro eymbois arc those symbolsz uzed az wasro nemns [(See Bectlan 7.1,
They are added Eka the HMacre  Symbal Toble as they are aocountered
duaring assembiv.

Tha feliswing fules govern the ocreatilen af amce-gefinsd znd macro
Symbals:

1. vmbule can be compoged of  alphanomsris charscoters, dellar
Igrs (&), and perloda (., only (see Note belaw),

Hol ]

2. The First character of & symbal must nock be & number {oxecapt
in the casze of To2al symbolsy, see Seclion 3,57,

3. The Flrst nix charsctere ol a g@ymbol most be  unigue, A
gymbal  ecan be writtes with more than six legal characters,
buat the aeventh snd subsequent characters are  checked anly
for REATL legality and sre ool oshorwize evaluated o
regofil zed by MAUHD=11.

1. Speaees, tobs, and illscal checzcters must nab  be embodded
Withkin = symhol. The Legei MRIAD-11 charasecter sSet ls deofined
in Sectles 3.1,

- —— - ——— - — e n g, LR WP e I T I TR T T R T T T s



SYMEOLS AND EXFRESSIOME

HOTR

Tho dollsr sign (821 anpd period [,]
CHATACLEVS ars reservad  Ior  ouase in
dafiving Diagitsl Hewipmeonk Jatpetatlan
syetem  software symiois, For exasple,
FEARDY ls & file-orocessing systeam macro,
The wuar  is o cautloned nab Lo employ
tiiesn mhermcksrs in cenatrocting
nser-geflnsd symbols aor macte symfials in
accer ko osunid poselble canflicts with
Aristing oF fukure Slgiial Eguipment
Corparatinn syscer saftware symbols,

The value of a symbal Aenends upen its use in tho progrem,. | & symbol
tn  =he npesrator [feld wey be acy ome gf the three aymbol types
doscribicd abaove:  patsansnl, west-defined, ot mpore., To detormine bhe
waiue af on enerater-fieold fymimel, MAZRED-11 gaarches the symbcl tables
;ﬂh} in khe {elicwling order:

1. Macro BEvmbol Table

2. PFermapont Symbol Table

. Nzar-Delfinsd Bymibol Table

"his msearch oerder  siiows  perasncnt Symbols ko be  uged  as magrso

symbals, Rub  the wZer must koop (h mind the sedguoence in which the
gearch  Foo o symbolz ia perfcemed  in order ta avnid inzarreck
i interpretation of the symbol's ose.
F N
¥nes a svmbol apnears in the operacd Fle:d, the search orcder 1B:
1. dizec-Delined Syzmbol Table
2. Permauent Svmbel Table
Lepending on their wse Ln the 2eoacce  preogram, uvser~defined asymbols
hawe 2a2irher & Zecsl (internal)  atbkribuote or  x Jlebal (exbkarnal)
atcribuacs,
-I“.\:" - - - .
{ Hormally, MBURD--1: trmates ell ceer—dallned Eynhﬂ;g E3c) Jacal, that i=,
their odefinicdlen is 1imited ko khe modole in whick thay appezy.
Howewpy, osymbois osn be explizictly declared o be gloBbal  symiiois
through ene of theor snthplz:
1. uwse of the SLOBL dirsctive (See Seckbion &.8,11.
Z. UGae of the dousle coleon (::l in defining a label (see Section
2.2.1r.
3. Nse af hie doubla équal gigan [==2) or daukle egual colon  sign
t==:t ip & dlrect assigument stotement (586 Secticon 30301,
AlL zymbole wiknip a medoic chat’ remain wridefloed a: Ehe end of
assgmhbly aré kroated as delanlt alobzl refearences. )
A

-




SYMEOLE AND EXPRESSICONS

HOTE

dnieldned symbela st =he end o asseakiy
are asslgnad & value ofF ¥ and piaced
inta Lhe aser-~dafined mymbel  teble eu
undefland default ylebwul referewces, If
whe JOEAPL GRY direecive is  in  effece,
howaver, inee SEEoTion h.2.1) the
staLarent aontaining Ehie uncel ireaed
sywmool is flagged with an errec codr {U)
In the zsfembly 1 sting.

Gleba] symbuelz provide linkages hotwoen independont]l y=asgenlled object
medales  wilthin the zask Image. A glebal fymhal defined es g lakel,
for ewample, may Bervn as on entry-palns address Le mnother sectian of
snde  within the fmage. Such wymbois are rafersnced from ctBer Souroe
madules In srder za  Lransfrr contral  bkronghout  sxeculicn. Theao
qlobel  z=ymbola are reseiwed at Liok time, cnsuring Lhal Fhg resulting
linage i o 2agically enheremt and complcecs hody ol codo,

3.3 DTIRECT ASSRIGHMENT STATEMENTS
The gunernl Ffarmat Znr a direct asigmmsit stabement is:
BYMDe ek prass Dok
or
Eymbale=eupressinn

where: eRpression - can haws only oro level ol forward refersnco
(aes 5. bEelowl,

- fannuk ecntain ae undafined glebal reference.,
Tne colan format fop & direct zaslgmnmernt statenent ige
gymbalm et ossian
ak
Aymbal==ierxpreszsion

WORYE eMprosEion - can kave enty one lavel of forward reference
E2e 5. below) .

- uwannet contaln an cndetined gioskbal refercoce.

£11 the dirfect azslgnmest steremente above allew the vser bo aquate a
5ymhal with & sperific walue. After tha symbol bes boan delines it ja
entared inte the User-DeiZined Symbol Tahle. I0 the Joneral Farmec is
ased I- ar ==)] tke walue of the symhal may oe ochanged tn ASubisogoent
clrest asuignment ateterconts, If, however , tha oolon formel  im  gsed
(= 8T ==i]  &ny  Attempt  to change  the wvalue ol the zymbol wWill
yenerate an errar (M) in the assemily listinmg.

A direst asglqnnent statemens ambadying either the deuble Eifilal [==]

rign or Lhe deohle equal colon (==:) sigqn, as shown above, defines the
symbal ag ginbal isse Sectlem &.8.11.

3-&
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EYMEOLE ANT EXPRESEIONS

The following examples 1lTustrate -the vceding of direct assignment
. etatements., :

Example 13
A= slreelk ansignhant
B=="%n ihlabal assigrment
Az1E ileral reaszsigrment
T.=:5 1Egual colon asaicement
M==:A4+2 jDouble egua™ colon aselghmedsk
ik Becomes egusl te 17
L=4a ;Tlleqel rezEsigunment
i¥ Brror 18 gerersbeaed
o Example 2:
[ .
b=, ;The eynlol O I eguated to L, and
T ML il AsLE ithe lakbels © and & ara assigned &

iwnlue thalb 22 equal ea the logation
jof the ®OV instruccion.

The <ads in thy second examale abeve would nok u=gally De used and  is

ghixwn only teo  1llustezte zhe perfarmance 2f AACEN-11 in such

gltuations, See Spccion *.6 for a descrivkion of the oeriod |1 as
f““& khe rgprrant location counter symbel,

The Fallowing conventicrs apply ke che cofd-ng of direct azsiynment

stabtements

. An awuel sign {=1, double egoal sign [(==), egusl coisnn  sign
=1} eor double eguoal ealon sigr (==:) musk 2eparsts thno
sviebal from the exprezslon Jdefining the evmbal's wvilue.
Epaceg preceding  andler Zolloawlng bhe direct Ass1lgnment
operaters, 2litheuglh permisaible, heve oo zignificance in She
rte3ultley walon.

&
] ! 2, The symbol beling azzlgnred in o Jdivest assigqumenl Statimgnt iz
Blazed In the labei field,

3. only one sxebod wan he defined In a zlogie dirtec: a=sigqnment
Etatomanrn.,

4. & direclk Aefigneent Statement may be - follawed anly by &
coikinent Fiolo.,

Se nly ane Tewvei of IZorward referencline is allawed. The
fallowirg exsmple would Sause a2n ersar ooade {0 in Lhea
asszemizly lizsting on Lhe line containing the fllegal Fforward
Feafapranors

A=t [Iliagal forward relecenon)
=2 1hegal Larwsal roforoncel
£ Z=1

1-a




SYHEQLS BMD EXPRESSIONS

Altheurh ane leve! of Ferward reforencing is

= allawed for locosi
symbxls, nao forward zreferencing is5 aliowsd f2r glokal symbels. In o
other wards, the exnresslen belne zasigned to & glohkal symbol  2an
catitkaln  anly !J[:_:-.,'jnuﬂ'l_';-' e finaid !=':.l'i':|j-':.i-|:i. A Toargward refTerence in A

direct assigqmment stztement defininc 2 Qlichnl  symhel wiil  2uugse &G0

rrrar oode (A to be generatsd i She gs=embkly Lizting.

i,4 HEGTSTER EYMROLS

The eight general registers of the EOP-1. wprooeszcr ara oumbersd @
thwrandh T oand fnap b ocrprosaseoed Do RS o soutre pEngcamn ir brue FfAlinwling
SANNCT !

e
El

"‘ T k)

whrre & indicatres a veference o o TeogisTer rataer Fhan o lorcabian.
The digl: =peciiyierg the ragister carn ke replaced by any legal,
abinclute term thet ocsn be =ealusted dJuring ehe Flrabh aszmembily pass,

The reqister definitions l:isted belaw see the npartmal Sexfaoglt values
ars  Temain wal id far &2° rogistor Tefrressns within Bhn sowros
FICTsan.

RO--%7 shegistar ¢ defipitian.

Al-%&1 itegister | definicion. ) ST
RI=§7 sheaistear & dafinmiliur.

F3=33 sRrmointer 3 Adefinicion.

RA=%2 iResistar 4 defindbticm.

RE=%5 iR=gister 5 delfinlilun,

S=%0G fRkeck pmintor definition.

Firug? ifcograr cguntsr dafinicien.

Faglistere f ond 7 are glven gpeclal names pecadse ol Coelr unlque

HYLLOM Fangtians, The o fypmbarl 2o defadll Nam2s azalygnid i Ehe
reqisterz, a8 listed ahave, arc vthe sopnvenkional naomex; usarl in &It
DIGETh_—-supplled PDR-11 swstem oroirams. Fat Ethiz rezson, you sre S

dcvlsed ko fallow theze sconventions,

b rogivter #ymbol may be defined in a Adierot aspsiornsont staksmont
appraring im The program. The deifinirg eapressicn af & regieter
Symibel mome be a legael, abse_uwbte vwalue Detween ? oand 7, incdusive, ar
an  &frar cocr fH)] will apprar In khe asscobdy 1Inting, 2T rhaugn Yo
can raaasign the stanfdard reaister swabot: throoazh  Rhe use oF  <he
LDEARSL FEG directive  [(sma mertiaon 8,211, chis practics i3 not
Cedermin e e ., tn wttempt ko rescdiFine 4 delanlt e listor syabnl wikheak
[lear zpecilying the L(D3REL REG directive fto override the narral
foyleter definitlong canbaes Lonal seaiqnmenc elacemsns Lo 5= [lasged
wik™ a7 errar g 'Rhij in ®be Azmamnbil ¢ _5|.;._.:r'-'__'|,. Al rron—uvhkaptsiard
reglister =ymbpls mask e dJefined beifocre Lhey  Sre ceferoenced 1a Llhe
SCUrna Proaram,

T T T L T T S R p—— - Y R S L R TE T
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EYMBOLE AND EXFRESSICHS

Tke % charzcter may be used with  any idxal term oF eX¥oreesian Lo

specify a tenister. TFor exsmpls, the Statement
CLE B4

g egquiwvalient iIn Zumstion to Ehe sthbemenk
LR %4

Hr] clipars the vootents: of ragistar d-_

Ty Cohthrast, the Scabk=menl
CLR 4

slepre Ll donkentg of wvircual mewory lacatian 4.,

3.5 LOCAL SYWMAGLE

Local swyabois arc Specially Larmatted symkaols vsed as labkels withice A

Discx of coding thet has  been delimitzd as a2 leval symbel

Elook,

Lacal zynbols arze of the form nd, where n 18 & decizmal integer from L

tn A5RIZ, inclusiwve. FEdanmplez of loaval symibols pra:
13
275
TaE

lids

g local mymbol bBlock 1 dellmited ie one of three ways:

1. Tke renge of 2 local symbal Bleck useally consists ob

lLhcazep

sLalbemerkts bDektween two pormélly-construcsted awiiballe Lasels

(gee Figure 3«1}, HNoto ther a stabemenk al the fcrms

REPHA=EEPRESSTORN

im a dirscr sssignment statemont {(sec Seaklion 3,3) Dok

e

aat  oresrr & labei apnd chue doez nat delimis tho rtansa of a

loeel wwmbnl bBinok,

., The rargz ol a lecal symbol blogk ‘5 normally topmlnatod woon
enmounbering o JPSECT, (CSECT, JARECT, or (REETORE directilve

iy Ehe apurce progtasm (2ee Figurse 3=21.

3. The rence of & lecal symbol block i3 delimited
MATRD-:1 direncives, 35 Fallows:

“tarting delimiter: JEARBL LGS (=ee Senticn &,2,51%

.11

chrouagh
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Ending delimltor: .ENBEL LES
e
wane of the Colicwings

Syrkalic label [mee Section 2.Z2.13
LEHECT f@es Seation 6,7.1)

R NEOT (fing Secbion A,.7.2)

SARECT  [xee Docklan §,7.21
AZETORE (4oaa Srcbion /740

encountered afber a3 LLSEBlL LSE  {zeg
Seation £.2.1),

Local symbuls provide 8 zanvonient means  of agrédating labels  for
Franch Irstruckfons and  octner such  references within lacel syrbol
Blezks. using local symboiz redacws the pesslbll ity of eyebals with
oelbiple definitiona appearing witivin 2 user prodras,  1n addition,
the uee ofF loeal symbals differeatiales enbry—print labels from  lacal
ladeia, sirce locsl synkols cabnat b referenced From outside Lanirc
rezpective lecal symbol bhlecks, Thos, lecal ayvieials of toe same  name
can  appear  In ether  leeal symbol  Slacks withouot conflict, Local
symbcle o nnt appesr in cross-reference listings and  pequire  lens
gyl zable space than wobher typsz 2f  symbels, Thalr use i
ronomEendad | :

Whoen definiog Jecab symbols, uge kEhe rargs from 1% $e 200438 fipok,
laezel  aymools within the riéngc 250825 thravgs 34305, inclusive, man
be grnerated automatizally asz  a  feotare of Mario-11. Fuch local
Gymboele  are nseful In khe erpanalcs af macees during assambly [see
Sectlan 7,.3,.%1,

Ba sure to oveld multiple definibions of locel symbols within the sape
lacal  @wmbol  bBlock, For srample, i +4e local syutict 45 1s definesd
two or more Limes within the aame  loeal  aymbal Block, each  syghol
Tepresants o different ad@rass walue, Such & wulkl-Jofiped gl
CaUsSes 4n srrar code () Lo ke gsnersted in the ansenbly llatlng.

Far rxamples of local symbols and loos! szyvobel blocks as they appesr
liv a source program, see Fioure 3-1.

i i+
2 d Zimele d1fuktzatinm pf 2ccal wwmbgle: tha wxtof Dipek is EElimited
1 b by Bhe laowl NCTARSE.
q -
H)
4 0el00d  (12PQ0  XETPRGT Anw SIHPYRD ¢ RO tPaint La [RFUPHE sTEE
1303
T OGN0 pIamOIn 14t CLR FCLERY EClawr @ WL
B GOdSs  2oQTF LHF RCs EIHPLRT 1Tt if =t Lap of ures
TR F-H
T oa0uhlE LAEAVg EFHL 11 Fligvakew {¥ pot
IE Fill din tg rorfors faww Inftialization
1
12 gornds 12788 KSTRAE! Aiw FINFFAZ Tl iFolnl Lo mane SiBradn srpa
IODS 0=
I3 GCodeE faseze idl CLE (nank iCimaT e arem
14 00OEEY  S200ZT [ o i ROaBkTHEFLT Twal iF ak Lop aF gran
el Tl T Te
18 020F28 O13re BAE 13 FIlarets pf rot
15 0oG03d Gpnzar ET5 e} iRlburn 1# go
Figore -7 2=szembly Lisxting Showlng Lamal Symbo: =lack
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3.6 CURREHNT LOCATIOH COUNTER

The perinod {.] i8 the symbal for the current lacatian covnker, wWhen
uded In che cperond field of an instrustion, the pecicd reprezenkts the
acdress of the Elrsl word of the Insirucbkfan, #s shawn In S"he first
edanpln  helow. Wheéh osed in the operand fiseld of & MACREG-1:
lirective, 1t represents the address of Eha current Pyto or word, as
ehown In the second exemple holow.

Az KOV #..FF iThe pericdé {.) refers ko the addreaa
rof the ROV insrructicg,

{The fanction of the nuober sien () la explaloed in Section 5.%.)

SB[ =0
WOk 175935, .44,80L  ;Tre cparand .44 i tho WORD
sdirengive rapreserks & value
rthat 09 stored &y the second
inf three words durlno
rasgezhly,
Afzume that the curcenkt value of Ehe ilacation counter iz 597, DOt 1rug

asaenbly, MACRL-LL reserves akogsage in reEponge co the ,WOERD directive
feee Seotion 6.3.2, beginning with lacatlcon SEs, The aperands
accompanying  the _WORD directive determine the valvues =o sterpd. The
wslae 177535 is thus stored im localior S0, The vwalue represented by
-*d 15 stored lp Jecaticon 50%; rhis valoe iz deriwved s25 the ourrent
value nof the Locatiaon countsr (which iz pow E42., pius the absolite
value 4, thereby depositing the value 3AR in lacation 02 Firnaliy,
the waiue of BAL, proviously equated ke A, is deposited In  logatian
an4a.

Tigure 3-F fllustraces the roasule of the example,

EncaTIcy CUNTERTE
SAG 177535
Rz SAF
=A4a i

Figure 3-Z Zancle Rssembiv Peaalas

AL the beginning of each aszewmbly pass, MACAD-11 resets the lecation
counter. Mormally, conRecubive memory locatlons are gsgdgned bo eazh
byte of chiact dats gen=raked,. However, the walue of the leeatian
counket  cen be changed Lhrawgh a direct asaliuczent statemernl of thp
foiZaowlng Llorm:

SEEPress ins
Tha rcurrent ilosstlon  cagnter Eymbe 1 HEN iz eichur absolute or

rTeiacdlable, deprnding =an Lhe a=tribuote ol bbe rnurremt  ©ragram
section,




RYMROLS ANWD EXPRESEIGWE

The attribale of the current Iocaticn oounter can be  changed  anly
thrarxgh khe Lragram Sechioning direutives [ PSECT, ASERT, JCSELCT and
-REETOURE]) , & domeribsd in Secrion A.7. Therefore, assiqning ko the
coaunter an sxprezasleon bkaving an 2estibute differest than thee af che
cLrrrent progesm ssetion will  denaratse sa eriar oode 4b)] i ehe
afhuenbly listing.

Furthermarxe, an exprenslon assignad to the counmtar may naot cantsin =
Forward TreFireran | rirferance o A Symbol ther in onat '|::-Ir:'.r_"*:||_|!;,]1_|.'
definrdy. Tke aser must alsc be sure  that the expression aesigrec
will not fores Ehe cacrnher Into anather program geclkios, even 1f bakn
seCctiphs ikvalued Bgwve Lhe 2o rplocakalsdll =y, Flthor aofF rhrmo
concditlons cruses WACHI-ll te gomerate Incorreat abiject £ile aode, and
mety pavsr strrements fallowing the eceor to be flageed with an erroe
cuder (1) in vhe aunambiy 1isting.,

The Eallowing coding 111ustrates Ehe e of the coerent looatiaon
Counter:

AT
=i ;Eel lacaitior coukrber Lo
sabsclute LYBE(octal),
FIRST:  ®Ov IR TOLET The labal "FIRSTY has the wales

EHU:GC:dlj.

i.+1% emuals 51RTockzl). The
pognilentks ufl BEhe Loceakluk
pSld(ockat) will bLe depasited
sin kFhe lacatian "20D0GHTT.

L=520 rThe assembly lecatlen coanler
incw hos a valee of
1S Liuta LREI(ackall .,

ST s M e p [ MIES Tha iaz2l "ZECOFE" nss khe
sualue S23Rfeotall .
iThe rmanzents nf locatian
;Eadfoctacl! ., thet fs, the kipary
joace far the instreciiar
sitzmalf, will be dewvosirvred in the
1ionesing TINOER",

[ LR ¥l

< PETRCT
L r3el lgcation counter fa
srelotatsbie 20 ol the
panfAn e progran Seckiop,
PTHLRT: L WORT f IThe Zab=i "TNIRD" Las the
Jvelue of relocatable 2.

Glorage apmas ey b regerved 1o ke arogoam by oadvencing the Tacaktion
coulel ., Pt erample, if the current walas 2f the lacation counter is
1AA8 , =ach ol Lhe following scatemsnts:

Lo +AR
o
SBLER O £d
aT
OLFEW 24
respryas J@ (8] hytes of storage space  in, che =Eowrce  RIGQraE. Tire

DLES 2n¢l SDERW directives, however, sre bthe agrelerved ways Lo regerwe
uhoagn space [see Fecklon 5.5.7).
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1.7 KHMBERS

MACRO-11 Aaz=sywes koee 21l racbers 1 che  goubde proagoan afe biex D
i.n'.'srp'_rn:-'tp-:' in ootal roadix, urleosne athorwlsn sooesi Fied, L mrarotiar
to thi=z assy=oklon is that eperendzs  associzbed wlech Tlesking Poind
Processar irstrocdlions ard Floesolmy Poink Data dlrecklves are Leealed
At gdocimel (oo Heoglon £,34.2) . This debailt rTad'ls cran A Ailefd
with the .8RDIX dicectivo (Sce dectlon 6.4.%3.11. Alse, indleldysld
numiers con be desigqnacod as dogimal, bipary, ar actal nembors chroogk
Lemporaty radis control cperaters [(see Section G.d.1.3).

For ewevv stotament in the scocee progrsm bhat contaips a0 digtt bRhat
im nok i the ecuarrenk zadlx, =n ercor ecode (KW: la gqensraked in ihe
azsembly liatimg. Howewor, MAOKD-11 continues with She szan nf o the
gtatement and ewvalwates eack surn muwher spupunicered as A desimol
value,

Wegatlve numhbers opost be preceded by & minus signg MaEn-11
translates swch oumbers iocto twe's complsment form. Positive numbers
may Tbut pneed nok: be preceded by a plus =ian.

A onumber conlelning mere Lhan L6 significant biLs  (gresters  than
1779370 ®8yh . iw kronecaked fvom Lhe lebt and flagged with an error eode
(" in the assesily Llscing.

pumbers are alwayeE ooaaidered fo b abescluts values;  therefsrce,  they
&re Never Peiocabtablie,

Sinqle-word fleoating-point oombers may e genecated with tha F
vperalos [sSee Begcion 5.4.2.2) and are atoered in the following format:

15 1d 5] rs
Siqgn a4 -l
it Brannpont Mokl sns

Aefer Lo khe appropriatle T2P-1l Procacsar Handbook Far detsils of  tho
tlooting-poeint numkber Earmsz.

1.4 TERMS

b tgem is @ owompoenent ol an exncession &nd msy ke one of  the
fallowimg:

1. & namker, az definsd in Jeciicwm 3.7, whose J&-kit yxlue
Joed

Fo A oaymbal, asn deFilmwed In Seckior 31,7, Svmbnls are evalwuabed
z5 Eollows:

AL A periaa L.) specified in &an eXpressisn causss ke wvalun
af the sarrcant Iaoatian oonnter o be gsed.

B, & defined zymbol 1

locauted in  bhe Geec-Delinsed  Symibel
Taale (5T and i d.

=

5 walwe L& use

Z. A parmananl gymbel's bBaslec waliwe  Le nmed, with o zaro
gubstibubted  Lar the addacegsing nodes. hpperdie O lists
all oo codes abel their values.)




EYMBOLE AKD EXPRESSICHE

L. an undefined svabol is assigned = wvalue ofF zere  apd
Trserted in the User-oefined Syobic? Table ac an undel ifed
defanit gleast roference. 10 the (DEADL 051 directive
(22e Fecotion R.LZ.Y) I fn effeck, the automaklc global
reforence defaull Ffunntion of MACRO-11 iz inhivieed, and
kEhe  stacemen: containing the undefined symbal is £laTged
wilt: ak wrror code {I) Ir the zssenbly Tisting.

.8 single gquote followed by o zincle  RECIT zhatacker, or a
doubla  guole [allewsd by btwo 237711 characlaze.  Thiz CYpR of
eupreacios constroctien 1s sswplnined in devail in Seckfan
0.3.3.

1« Mo exprezsion  encleosed in angle lrackete (<. By
EXpPrAsEion 2o npvlossd is s=valnated and reduced o a ginyln
term befare the remeinder of Lhe capressien in which ik
mppears  1s  ewsluatad. Angle vrackets, far amasple, may ba
nzed to alter the lelt—ko-right evaliacion af sFpresgisng as
In A%E4D wergus A*SS+03), of S epply o ounary operssor tooan
entlyrn cxpression f{az In —<h+BE3) .4

3. A omary opetratar follcwed by & symbol or humbor,

3.0 EXPRESSIDNS

Exproesiond are nombinabticn: n?  reecme jolned tagebher by Ginary
operators {mee Table 1-5), Expressions reduse 5o & 16-%iL value, The
svsloation of &an cwpressicn  iaziedos the celermins~icsn  of iks
ettribubes. A rosoltznt expression walue msy bpe Ary ane of four kLyoes
tag desifiked later in thils sectian?; relpgarable, aonelute,
external, ar norplew relosstable.

Exmresalone =rn evsluated Zram “rt to right with e DOSEatoer
Elererchy  rolee, except  that  coary  operatocrs taks Drececunue over
binary cparatere. A bkerm preceded By a anary operalut  is  censidered
to cepkEain that  aporator. [Termz  are cwalosked, whern nezeszary,
before their wae 1o expressions.)  Multiplsa anary opersiors are  wal 1d
and are Llrested as followg:+

PP
is equiveient too

—CFE—AN

-

*  The marlwum Adeprh of ar expression i3 governnd by Ehe MADRO=11

ageembler'a  asxpressinon ZLack  EDace, TE  ar expreszion nxoeeds the
anmemblorta mamimum exproessinor deptn, Lhe skhasement iz marke:d with  on
(E} error, atd prooes:ing continues.

H-Li
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FY#ROLS BMD EXPRESSEOMS

Aomlssing term, expression, ar ortecacl symbel is  interpreted as o3

ZeTG. £ miz=ipg or 3llegal operaboy  terminakez  the exprossiap
analysiz, cauAing errer oodaa (A Fndser {9), Lo be geereted  in Lhe
assembly 2Istisy,  depending on Lhe contese of she exgressiecn itself.

For eszmple, L PRrCessHiens
A+ ® 1777

ia evzluateds as
& + H

because the First nen-hlank chavaeter follewing the symbol B Le nne  a
Tagal bkipary opercsfar, an ANECEGSLIOR Sepatator & colmal , ar an
uperarcd Fleld meysinatnr {3 semioelizon ar the ond of the scaroe lined,

MOTE

dpeaess within exprossione car Secwse &5
delimiters only betweoer symbels, En
others werds, the rrpregeicone

Ate Lhae asme, bob khe symbols
Bl17
Al
B LY

are poet (B LY i not o single symboll.

ot sssamkliy time the wvalwe of gn exterral [(glakall expression 13 equal
o Lhe walue of the abscslute psrt cf thet expression. For examcle,
Lhe cxpressicn EATERW+A, whare N"ERTERY™ 12 an exb=rhal symbial has a
wulae  ab gssembly  kise Chat 12 equal ke Lhe value ol ths icternsl
(loczaly HSwaboel &, This exprossien;, hewever, when evolaated at link
time takes on the resolved walus of the symbol EXNTERW, plizs the walus
a¥ gyngol M,
Expressions, when ovaivated oy MRORO=-1E, are one of Lour  types:
ristacatable Al ot edbRrnal, ar Cofhlex relovatsble. The
Eullowing distincltiona are importsants

l. bn pxpressiarn §s relocatable if its vwalope js Lised relstive
te  the ase addoass of  the proegran section in which it
cppears; it will have an nffsec valuae added at Link time,
Term2  thak coanbain labels defined in relocalteable progras
sectlaone will havwez a relocatable value; siailarly, & petiod
[.] in & relosatasie Eragrsam section, representing the walue
of the vuorrent iocaticn sounter, will alss have a relocAbable
value.

F=Z7

o




E¥MBOLYS BND EXPRESSIOMS

2o M ewprnnsign i abaelute i its walue 1= Tiezg, %)
gaprussien whaose  terms  sre numbers and ARCTL senversian
charscters will reduce to =p abgalute velue, 4 relocalLabie
eHpresslon  or fterm mlinoE a4 relocatabile Lerm, where both
elenants heing evaluebsd belesg to the zare prouram sechion,

1 &n absolure expressicn,
s suwatracted from
MATR-1. man rhen
ir ta

analkrer,

nosingle bers

Tis

Chia

Termz thak vorrtain igbele definza 1

alas have an sluznloce waipe,

L

. hh eMBression is5 exberwal
dlobnal referencse fnluog o
thnt is nobk defincd within £che
exERInal  expressicn 1z waly
mEsAnbly Gnd muash o

4. An uwEarassicn is complex
Laliawing wonditions apalies;

it rmamtalins a 2lntel
- It Doankains

- T% unrntalos r=iocaoalls
Fre@YAm seakigrs,

- The value re=zilbking Fren
leval of celecsticn. Faor
aymhals TREL
Boention, are specltied e
levelz of t=incet’om will ha
s avsgloatnd
Lhee procram geckian.

- &7 uopetatica ether  Than
undsiined ylakal symbel.

i

rennlived ak

sore than cne gloebal

R

1o olabkal) E
xR ansalon
oUurcsnt

eart |

reloesvable i F

re-fFrorense and

The empreszalan kas mace
wapmp_e, 1if  Lhe

ard TEG2, 2sSaciated  with

Tink

balonging Lo

. 2 becsuse overy tera in a
nrajram zection has tha ssme raloavatlion bias,

When whe  term

reulting bias 12 wora,

sreal Lbwe expression as abooalale acd priooe
Jpen ozzmnletlon of

zhi: mepresaion scan,
ar. alsczlute meckion wil

i E contalns & s'nale
R eupress;Iinn 'l..'.\'_lli_h?]
(Sl sld gae b A% Thue, EN |
wlly deliilres Fallinwing

Limes,

any  one ol LT

a relacatsl’c ﬂymbcl_

rnfarence,

i:Fisrent

than oane
relaratable

the =ame progros

The expreszian TRII+HTASZ, two

Tnteodusad,
in terces ol Lthe relocabion ftias ‘n eflecl Lur

Hinge sach  aymbal

additian i5 specified an  an

- Ar mperation siher tien addition, subtractlon, nocatian, o
complamentation 15 spesified For a

The eveiuskion af
Aaxpresziona 1=
Ehet con e apscifled is & sosploex
maximun elze of the nbhinct racocd,
ecinsl) .

relecatrshlia,

e e———— e e e eeeeeeee———— e

Exkarmal |

cumplaelsd =7 link time.
gEPregsion 12

The maximom tunmber nf Errms iz 2B

PRI T T A A e TR T T T

and  oomplex

relocaltab™e valuo,

relocatahin

The maximus husber of terms

limitezd oy the



CHARETER 4

RELOCATION BHD LINKINWG

The outpuer of MACRO-11 i3 on ohiect module Lhabk zusk be processes  orF

linked before It can Dbe loadec ard execoted,  Ezsentially, linking

fixes imakez abgolite) the velues af relacatable or external symbals

In the nbject emodula, thus transforming the cbhiecl godule, ny seversl
PN abnject medules, irto an executable image.

Te allow Lha welue of ab expression to bo fixed at ling cime, MACRG-11
gutputs certegin instrocticns in the abkjest {ile, together wlhl athar
Fequirsd parTamatars. For relocatanle eupressions in thr ohdect
maodlnie, Ehe besge af  Lhe adaccidated relocakable program seckion 19
added ta the walue of the relocateable wxprossicon provided by FACRO-T1.
For exiernsal sxprossing walaes, the waliss of the external bsrm in tho
expression (Rimee the externsl symbol muet be celimed in nre i the
ather object madulez belrg llakee Logekherd) 19 determined and then
odded Lo Lhe abfolucs Sorticn af che axternal sxpressicn, as  prowvided
T Ey MACRO-I1,

211 instructizsns that require medifieaticer at link Rire are flagged in
The azgembly Llisting, a5 (Ilustreted in the zxanple b2low,  The
spastrophe [ ") following the ootal erpansden of  Lhe lasteuction
Indirntas that simple relorcation 15 requivrad; Lhe letker o indicates
that the valoe of ar exbternal symbol mast be  e20ded o the abseluts
FotbEion of ak emoresslon; ahe the fntter C indicates thar complex
relocalbian analysis at 1link fime is requicred i;m order te fix the waluos
af the expressicn.

ST EXAMBLE:

FASEES CLR RELOC (RS, rhasuiing Rhnt the waiuwe of bhe
Aa8EaA;r isvmbol “RELSCY, 40, ix relocatable
ithe relacaviues Lias
rxil11 ha added to this wazZae,

AasAes LR BEATERM [TL5 pThe walce of the pymbcl “EXTRERK" 1

ARdspas rdgoemnbled At zare and is
;regalved ar 1link time,

4-1
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EELDCATTON ARD EIMELNG

fa=3R3  CLA BETHRML S [R5 T wamlie of the symbol "EXTEMNT
fRSMARG dlw resalved at Zink Lime
;and added Lo
;the abeolute portisn {+R7 of
ithe cxpresaies.

AUSEARS  CTH —“EXTERW4RELOCH* [RE) ;Thix expression i coanlox

Aodaanc srelnoatable heceuse 1L reguiras
thhe nogation of an exprassian
ithot cortains a glokal "EXTERH®
rreforance and & relocakable form,

For a complebe descripticon of objezl recurds putput by MAIRED-13%, refer
tn the apolizable svscen wakcel [(See Section AL3 io the Prelace! .,
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CHUARTER A

ACTEESTING KODES

To unferstand moew Lke address —odes ogaerate and how they assenble, the
aetlon of  the orogram  countet Busc ke oondersteod,  The XKey rale to
resentar 15:

"whennyer the processer implieitly wses She progiam  Quonber
inc i FrEoir a werd fvom memsoy, e Drograr Cagniar iz
ackomabically incremented by 1 allker toe feteh eperation L2
completad. ™

Tne PO RiWayE Comtoins tho address of the next word v Le  [elched.
This word %r311 be eicher the address ol Lhe next instruchian bo be
executad, or the second or third ward ab Lhe current instructiom,

PTable 5-1 llate che adéress mwodes, and Table S-2  iists  Lhe  syrhela
uses  jm tFis chapler to describes Ribe adétess modez.  Each mode of
addr=gz in the chopter 12 1llustrated w=ming olrher tha girgle apecznd
ipatructian CLR ar kie deuhle operand Instruction MOV,

Table 5-1
Adcrpssing Modes

cectlan
Mods Fora Eeferance
Reglater mooe® R |
Heoimter celfertad mode® R oy (BT 5.8
arniosremans wade® (KR + 5.3
futoincrement Gefereesd mode* SIER)+ L.d
Auntodcormnent Guded -1ER) 5.5
mitcdenrement Jdefer fed noded B[R 5.8
Trdey Taed e ¥ F(ER] o7
Index daforoed modet BE (ZFE} 5, a8
Inmadiate moafed ¥ 1 H.%
abosolute mpdetr [1E 38 5.0
Halagkive meda*® L 5.11
Relabtlve defzrrmd mmlerr HE .12
Branch bEcresns .13

- —

== emewr

* nNpes nol ihceease the f=oglkh of an instrostion,

4 RAte one word Eo the Instructiop lehg kb

c-'pn;lr._'lr:i;' nf *hi=m Earm.

fut each aczurcence of

2T




ALDRRSSING MODES

Table G-
Cvmliaals Used in Chauser 5

Fymie 1 Z¥planntice
r Ay expressinn, ag debieed in Chapter 3.
= Y register  eEpressiorn; ia crhetr wrirdde, a ey

avprpasion  fantrining & torm oprzoeded by o ooroent

slgn {2} ar a syobol previously  eguabed to auch

Lerme a2 shown below:

BT rEeneral teqicsler 3,
RIi=ligel fdennral redister L.
R2=14+%7 Fhaeneral register 2.

"

This symbol mav »lac  repreuens any of fthe nornes:

default reyiurer definitlons [voe Zectian 1,40,

= A reglnter sXpress] or &n  aksnlonte avprossicn
bhe range B ko 7, incluziwe,

o s STENS T ——

5.1 RFRCISTER MOTE
Formats

=

The resister ltself (R oonbaips fhe aperanc bo by manipulsted vy the

instruzkicon,
Examples

TLR 3 ileors reglster 5.

5.% HKEGISTER DEFEKKED MODE
Formal.s

AR T [TR:

The reglubur (R contains the sodvesy of rhe aperant fo be macipulated

by the ineetwuceian,

Tiaraleg:

LT BHA1 ;A1] Sheza lnskreocricns clear
CLE R ;Ehs ward at cho zddrezs
TLER 1811 seontained in ragizter 1,

L

e T L T
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ROCRESSING ®ODOES

.3 AUTOINCREMENT MOBE
Faormak:
{ER}+

The cocncenks of bhe reqister LEN] aro loverementes lomedlzlely
being used 235 the addrass al bne cperand [zee Hots bhelaw),

Exampless

TLE =T R0 1Tacl: lpslruclioan Sleares
L IR+ sthe mord ar tho addrens
LR RZh+ roonbained in the specificd

jrogister andg Tnoromensts
i“hart ragister's contents
Yy Twed,

HGTE

Zerkaln snecial inst-uctiaonsaddrosns made
combinstiogns, ‘which 2rg rately orf pever
Esed, dn nos oeperaks Lhe ssme an all
POP-1]l proosssoer:s, as desce iled below,

In the aussinarement dode, Doln Lhe JMP
and J3E  lnskrucktiorns avktoipnoremeot che
roglater bBefore los oze on the POP-12743
Hur nat o Lhe PODP-311513 o L1710

In dawvble operznd snetruntians hawing
has addressitg form Br AR+ ar
Hn.—TAn); whet o Lhe SUrce and

destipabion Tegintors 7o Bhe zene,; Lhe
sopurce  aperand  Is swzluated  as Ll
dueainesemnented CE autodecrameantnd
wilue, bt the deabination register, at
the Eimg 't la uwsed, still contains The
celglnaZly intended effactive =ddpess.
im the foliowing example, &5 exeooted an
the POE=-12/7480, Register « originally
cantaina LAD(A}:

Moy RE, (RA)4 tThe guantity 1BE Lz moved
reg Lurssicn TARE,

B Rif , — [FB) The guantity "8 is moved

to lcoatien 1.

Thre uze ai fthegs ferps shonld b
aypided, siacs Ehey are not compatibla
Witk the em=ira famiiw ol PLT=11
BrooRSLnES,

AN CITcrE codp [ ¥ i prinberd in theo
gsasmbily  ligtlng with sach Inetruction
whileh 1a  wmos compazible MU BRG all
membarsz of the FRE-1)1L famiZp,

WA
|
)




AINRESSING MODDES

-4 AUTCTHNCHEMENT DREFERFED MODE

Farmat;

f‘:z

The roaTiskar (28 cortsipzs sulnter te the address ol Eho operand,
Toe contencz2 oF  the regizsker are  incremnnted afbs eing aged g
poainkor.

Exampla:

LR H{RI+ The Tentenrs of reglintep 3 Lo ik
Jhao tha address af o word Lo ke
rleared bhefare the csntontz af Ele
rreylinter are Inarowontec by bwa,

L. ANTORECAEMENT MATE
Formas:
-1ER)

The cunkepts ol the tegigter (ER) ars detrercn-ad before bz Ty uged au
Lhe addreas af the operand (508 fote 4n Sention 5.0,

Reamples:

CLR —fHE) ruenrament ke oonloentns af Fha EAH -

ified ceglaznar (¥, 2, we 23 Ly two

TLR SR soefore asing its Contents

CLE =2y ras tiro adéreas af the werd o he
Juloared.,

.8 AUTODECREMENT PEFERRED MOGE
Formety
BE-tER]

The contents of the register {ER1 are fcoremsnled bofore Deing used as
8 pointer Lo the address nf the apersand,
Erample;
LR E—{RZ} Dzrrement che sarl=nts of
regiakes 2 by btwos befors
lng iEs contents a8 a poiptsr

a
i« the zdlress of the word to be
airared.

.
r
h
pu
e
i
a
r

[
[
-1
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AOTRESS [ MODDES

5.7 IHNDEX MODE
Fobtmat:
ELER})

Anexptassicn (23, plug the coktenss of a register (RR), winlés the
nffective address of tho epeeand.  In other werds, the walon E is the
nffzet af the instruction, and the cantenla of reglster £F  form  the
hage. iThe  w2lye 2f the =spresslon {B1 is staorzd a3 the Eecond or
thive woprd of the instroction.d
Rramples:
LR . X+2(RL1} P effeotive address of tho word

st bee rlesgred 1a ¥+, plus the

jocoplente of reocisktor 1.
ke MH, -3 (R3] pTHe wffoaciye addrass af khan

soeslinarion lgoetion 1= -2, plus

grthe aantantg of registsr 3,

T.5 IHDEX DEFERRED MODY
Format:
AE{ER]

AN expressien {F), olus Ehr anntents of 8 reglater IEEY, wields
Faliober o che oddress af bhe operand, a5 in index mode abawve, 5
valur E i85 the cllaelk ol Lhe instcoation, =2nd che centenks ol Ingiste
R larm +tk» base, (The walae of the eupresczlon (8} iz stored 2= Lk
seonnd or thizd worc 4afF Bhe Laszrastion.?

a
o
-
L
£

b

xamprle:

LR 131404 fIf regisler 4 sontaing LeM, this
pv2iue, pius the oifset 114, wiolds
i=he prnin=er il4.  TL lamakinn £i4
snontaine Lhe addrose 2808, lucakbion
Al would bBe rleared,

HOTE

Toe nsxpressisn PIERY mey b used, bBac 1L
will ke aszembled as 15 it wore writker
AR (ER), and & worl wi™] ke gged La xbkarce
Lhe d,
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AUDRESSING MODESD

3.9 IMHEOLIATE MODE
fo¥mety
FE

Immediate mude allows the operand itselt (7] o be stored  ag  Lhe
gecond  or  thirdé word of the instruckion, “he purber sige (f) iz an
sddresging mege  indicasor, Appearing i ths:  operand  field this
Zhatacter =zpecifies the Immediate  acdressing  rade, indicalley to
MACKED-L1 that the ooperand dfsell imaedistczly follows  the lbEtructice
woard., This mode 8 agsembled an an qubcincrement of Lie PO

Bxampl nge

MO 130 R fHAzve the walos TALR intg rTogister @,
Mov ¥ A prlawa Laoe vwalue of symbol X oinlw
sreqlister A,

The operalian of this mode can Be zhown  thtouab  the Firet cxample,
MOV £980, 00, which assembles: Ax fwn warcs:

Lecaklon 25 @ 1] 27
Temation 22 6 F 1 6 d
Location 24y Hext inpstruccion

The scurce apereand (the wnlus 1e?) iz azzemblad inmediatelsy Following
The instructlen word, Lopon  zxcauticn of the inetrackinm, th=
processer Lelches Lhe First word (vO¥] angd imcrements the PO Ly 32 s2
zhat it peinls ke lbe second word, Looation 27, whlecy eontains the
Sourea Gperand.

After khe next febtok and incramerk oyois, khe souros cperane [18E)] is

G
maves 1oks register @, Lesving the PO poelinklng ko lecstion 24 {the
et InEtroectiont .

T.i ABRSQLUTE MODE

Formez:
E3E
Apgalute mode iz the eguivelsnt af  imrediats pode ceferrod, The

adirany  nxnression O specililies ar abuanlyte address which 28 seared
an bhe secero ot thied word of the irscruction.  In olher  words,  the
valae  immedistely following =te  Inscrocsicn woerd s teaken o5 ths
abzoiute addreszs af the eperand, Abeclute worils iz azsembled a5 an
autcincremer:lt delesved o! Lhe PO,

Eximmles:

M et1a0 rA i¥ovn the canvenks ol abhvsalsss
ilocation @8 inte regisker RT.
LR X rlluar rhe gcantents al LRe Tecation

iriose addreza 1g zporifisd by
3=l nwmbal X,

an
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ADDRESIING MODEE

e

The eperatian af thig mode can be shown  bhrooah  the £
MOw #ELEF,.BA, whioh aszeehles a5 twe words:

TsY  ereuple,

LocmTion 2@: A4 1 3 F A U
Cgcacieon 23 W A A ¥ AR
Lacation 24: M=%k inetruction

The =b2alnte &ddraze LAA is  aussembied iamediately followipg  the
notepnetian woard, bUpon  afecuticn of Lhe instrocticn, the prowasssor
fetehes the Lirst word (MOY) and lecrements the PC oy 2 oso  khat i
prints ko khe geccnd werd, lacratlon 22, whick contzine the absalote
addreas of the saource npacand. Aftar the next L[eich and  increment
cweie, the gonktents of absalucte address 188 {thr sodece opersndy are
poved Intn reglster 2, lzaving the BC pointing to  Tccatlan J4 [Lhe
nexl instrocticon).

Tail RELATIVE MODE
Farman:
E

felative mode s thn normal mode for Temory refgronces wichisn  yeur
CEQgEam. I+t Esn  as2enbled  as indewy mode, asing the BC as Lhe Index
reglister. The offset for the address corloulstion L8 es2sembled a5 the
sememd  ar Ehice word of the lagtracllen. This walwue s added wo Lhe
cantents =i the B0 ko ywield the address af Lae 2oufce apstanc.

Examplas:
CLw 188 olear zbsolute losation 1008
MO s,y sMowa thir confenks of regiacer §
i Gocation ¥
The eperzkion aof relstive woda can be abkown with the Ftatcorent

MOV LAd . pA, which assembles as “wao words:
Laostion 2R D1 R YA 3
ecsbloan 27: @ B ¥ B 5% 4
Lonation #4: MNEAT IHRTRUCTTON

The offsak, the oopuzasnkt 54, iz assembled  ismedlghely  [ullawing the
instrockhlan  wotd, Upan  sxecutien of LYhe instruction, the processor
[ebchea the first war<sd (MOV] and inoreranss bhe PC b';.? 2 =a  that P
peinte ko khe  second  word,  location 27, ventalalng Lhe waiue 4.
Albar Lhe next fetis: and increment owele, ths proaspsser catowelabes Lhe
rEFrplilwr  address of the  soeurce  operana by Raking bhe concenks of
lpcatlon 23 iLhe affset) apd addlnag ik o the current velue of cthe BZ,
whickh now PointeE to lacstiar 24 Ibthe mext instructiend. Thusm, the
poirce opRTand address is the resukt L b cacalotion
NFFAETHRED = ad+Eg = JAAIAY , Sauwsing thne fantonbs of lecatiesn 1AR Lo be
meved lnlo register 5.




ADDRESSTHG MOOES

The infdex medr statement:
Moy PpE—,-a1®y  RE
ie egnivalernl. Lo the relaklve mode alabanen::

MO Lpa,r:

The =urrent
Ek wore of bhe
wWh £ bwtes  fto
FPoes could be

19A-.-4 is the offset for Ehe  index  mode statementk,
lacation  uvaunter (.} holds the =ddrezs ol bhe Fir
insteuctlon 28, in Lhis cage)] add ke 0 has La mave ©a
reack incatlion 24 Jthe Rexs Instroztien), So, =he o
wWrleter gz LED-36-2 ar S4(81.

Theréfnrr, for Lie indewx mntsy the  oflze> (46811 sdded o the
PO{24451]  wialds Lke cffective ediress (54 + 24 = J@gF !E))1 of the
operand, :

Thuz, hoth stabementa meve the cantents of location 18 ipkm  registar
3.

KOTE

The adcressing  Lorw #%2 difrers  From
form B irmcheb ihe seocond or tki;d wewd
2% Lhe Tnstruckion wwmntains. Lo abksalara
#diress of khe operend, rather Lkan tre
telakive dizstance botween the nperand
and  Fhe PO jgec Spotion S,1[). Tiilisag,
the Insorusrian o 1 9E1AR clears

absaluse Locaiion 1§18, ewen §F the
inglrustion iz aoved from Lhe point ol
which it wazs Aunomnbl el Hte  the

deyoarincics of =ho JEHRSL AME  funckiar
1 eption A.2.2, whick ocacses =l
relalive wede addresses o be aszembled
A5 abzolute mode addrasses,

5.1% RELATIVE DFFEARRED MOLE
Farmat:
AE

The r2lative dalevcad mode i9 =imiiar in GpPecaTtinon to ke relatbives
fode  abave, oxsept that the expresslon F iz used as a Toiker ta the
addregs af che operand. 17 cther Words,  the opetand  follewing the
imstraction word 1s added te the contoan-u of Che P& o=a vield a pninter
ie the address of the op=cand,

Exampse:

Mo oY, T tEeiative Lo ihe smurrent vaiiae af
ks P2, mowa the cenrrnta ol Lhe
lecaition whose address is poisted
e by loecation ¥ into register &,
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AUDRESSING MOQDESL

5,13 BRAKCH IKSTROCTION ADDHESSING

The brasch instrustlons are l-wotd instructions, Thoe higheordes tiyte
containg the eperater, and the low-ardar hyte contailns ap 8-bit elghen
nffset (seven bits, plus signy, waich gspegifiez the Dbrsnch  addresz
relative Lo the curcent valwe oF khe PC,  The kardwarn valoolakea bhe
branch address a5 Follows:

1. Exlends the sign of the offset through bits B-15.

2. Multiplins thne resuil by 2, creating o lwke o0Ffsek  rakbnr
than & word albsek .

F. &dds the rezpli to The curcent valus of Eas PO +o  form  the
2ffevrive branczh =ddresa.

MACRO-21 performs the rewverse cooratiaon to foem the weed offaek  Feam
she specified address,

Word offset = (E<PC) /2 Lrencated to egigal bits,

Waer bhe offset 1z added to the PO, Lke B0 i
[PC=.4Z] . Henros tha -2 in the fallowing ool

5 moved Lo theo next word
culation.

Word ollsel = [Fe, 2] 2 Erichesresd bog eighl hits,
The following cenditions aenncace an error cade (A} in the sssesbly
lIﬁTing;

L. PBranchlny from ona pregram Seckfian bo anaslher

2. Branching to a lwvcatlon that iz deflned a5 an eXlernal
fyleias) nymhaL

4. BApeeifying a branch address thak is oot af  range, meaning
Ehat che bkracch offset iz a velue that does= hot iie within
the rangs ~L1ZB[13] Lo +1X701¢].

2.14 USING TRARF INBTIUSTIONS

fipce Lhe EMT znd TRAP Lloztroctiaons do noo uus the Tow—prdes I =
Ehe ‘fmstructisn word, infermation le Lransfrrred to the bemp handlers
in the low-order byte, IE the EMT o THRaF instroacllon ir followed by
atr expression, khe waluo 2f the expredszion is stored in the Toweosrdar
byta o the word, Expressions dreacer chap 377 (8] are tropncaced oo
wight 2lta, an? an errer oode (T} iz qenerabed in the assemrbly
listing,

For more ZnEnrmation on traps sec the PDE-21  Processor Handbook 2nd
the applicabls =ystem mancsl (eee Scution n.d In Eoo Prefacel .

L=
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CHAPTER

GENERAL ASSEMELER DTRECTIVES

N MACRD-1] dfirective i5 plared in the operater field of & source line.
Shly one directive iz allowed per source lime. Each directive may

have a blenk cpsrand fleld or one or more

Atfter with vach dirostive,

Jeneral assembler directives are
cetegories:

1. Listing cownbral

2. Funcricn conbrol

3., Dota skoraqe

&, Hafix and numeric control
S. Lovation counter conbral

6. Tetwlrakar

divided inte i

operands. Legal operands

Exllrnwing

T Proedtam dtcktianing and boundaries

2. EByelkal conteol
b, Capitionn? asgembi

1. File control

Each iz degcribed in bks awn section of this chapter f{see Tabie &-1

for on alphabetical 1isting of the
aectior refsrencal,

directives 2nd the assaociatad

Table -1
Litractives In Chapenr Six
zection
2irackive Funo: ok Beferenze
LASCTET Aknran delinited skEting as & sequencsa .3

nf thao EBshit ARBECIZ coda 0f thelr

charsatera.

JAEDTZ Same as L ASTI1 EAnapT rha

Fotliowsed oy 0 zero byte.

gtring is f,3.5

ifontinued on nexi page)




GENERAL ASSEMBELER DIRECTIVES

Table -1 !Cant,)

N Ciractives Iin Chapter Siwx
Arcbicn
Picective FPuorntian FeEerancs
«BSETT Similer =mn .PSECT. L
« BLEE Eilccates bytes of dats storace. N.5.3
+BLEY ARlipcates wards of data storage, Bab.3
-BITE Seores successive by-es af dota, G.73.1
LCADES Enables orass reference. B.2.2
LCHFECT Similse Lbe [ PRTOT, i.l.2
+DSAEL Nluabkles specified assembl T f.2.1
functione.
-FNABL Enables snecified assembler foncbkions, - H.2.1
- EMI nidinates end of guwarae input, &, R
« EMTH Indicatbes wnd of nonditicenal zszemblsy £.9.1
bleok.
« EYEN Eneares  thot currect walie of the L
lgcation coukrker 15 owan,
FLPR GEnetrstee L wngds of staragse Laor easch A.d. 2.1
fipating-polint number argurcnt,
+FTA Generates 4 words ol skarage Fne esch G.4,.2.1
tloaking—-pnint numher arguwmant .
LEBLO6L Nefines 1listed symbola 22 global, . 8.1
« IENT Provides sdditional mesus cf  lLabeling F.l.d
att abjest modole.
« IT hnspmbles hlock 1F epecificd coandi- a.9.1
tions are met.,
JIFF dnsombles kiack 1l conditian Ermsts F.d,7
talse.
«LFT Aezgexblas Rlagk 1if gendlidlon  bEesks LR
troe,
. IPTF Aszenbles bloch regerdless o whecher a0 3
fondition kests htrue ar tzlase.
IIF Fermits writing a are lire rmerditional R |
guzambly Bluck,
+IHCLIOOE Includes anolier MASREI-1! spoarce flle. LTI L
-LEBBARY bdas file Lo MACRT-TL Llkrary search FLiB.L
1ist, -
- (zantinued ar pagt page)d
5-2




GEHERAL AESSEMBLER DIRECTIVES

Table #-7 [Zaxb.]
Ditnctiwves in Chaankar Six

[

Directive

e g - PP PR ELT T L U o L s 0 0 L A e i

P IRLT

SHLIET

Fo SMACADEE

« DT
« PRACXELD

s PR

. . FSECT
« BRI
LARDLT A

s R,

- REETGRE

 BENE

.« 3BTTL

- TITLE

WERE

WORD

p— LA L DY

Funel:ian

Seatlon
Reference

Allocates twoe words for starage. Rt
liak time pale bhe lewest addrsas of
Ehe Lurarl imagre  in Ehre firut aof the
saved words and the oddress of the
first Iree word f2llowi-g the image
in the sEecond.

Thet auveibs Listlndg Zounk L llsgy
verknin Tynes of oode.,

Cecremen.ge Listlng count or seppressos
Cerialo Lyiess of zoafe,

Disablez creoe referense.

snnnres than the curcent valwe of Ehe
iomatien counler 1z odd.

Gehetates packed decimal data, two
diglts por byhe,

Glarts a4 naw listing praa.,

Teclires namea LCar prograT  socbinRs
and @oxsabl ishes theaelr aktribotes.,

Ge=matalbles data In Begiy-5F packed
Earmai.

Chanqes  radices  throwchowt oE in
sartlens oF kbe Ruurne pragram,

Telimliss a seckiaon of compents,

Tetrievez a previniasly JCAVED Drogram
gectlon.

Plaves bhe urreont program section on
Lap L Ehe pragram S=ctiopn oontext
sfnck.

Produacas E vahln of nantents
impediaraly areceding the sasemnbly
listing and puts subheadinga on each
nage in the llseing,

Azalgna & name o the abjest noduls
and Futa headings on each oggn of
Ehe ws=gombiy 1isting.

Defines liated aynboals as WEAR,

nengrates UeceEssEive words of datas in
the objsct mociule,

R.o5. 4

A.B.2

EL.3.2

o o o o o —— o oo oo s o s i s . i i e W R (% W N — - — — T S — R L R R R R P o A T e e
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GEMERAL ASSEMELER DIRECTIVES

6.1 LISTIKG CONTRDL DIRECTIVES

Listlng wontrel directlves zantral tho content, format, ané paginativs
cf &kl line printer (see Figurs &-I) ahd *eleprinter (Eee Fluurs 6-2)
asgembiy Tisting outpub. 0On khe Eirst line of eack page, MACKD-I1
prioks the followlag (frar 1=ft o right! :

1. Title of ehe aljecs module, a5 establlzked thraugh *he TITLE
cirective (ngc Heccion ALLZ.2).

2. Afsembler wversloen 1dentificacion.

. ay cf the wreok.

. Cia ks,

5. Time of dav,

f". Poge number,
The secexnd linn of each assembly listing page contains the agohtic!
:Efrﬁ] specified in bhe last-prnoountgred (SBTTL direciive [(soe Seoctian

Im the lips printer CLutmalt (Figore &-1) bhiasary ext=nsiong  for
statements generating wmare chan one word are Listed borizentally.

In the Leleprinter Sermat ([Flgure @-3) hinary extenslans For
shataments '!;IEHEI‘.'-HLi!I'lL_T moeFe Ehan one word are listec l.'er_'l;ic-ullw_,r., There
is no explicit trubcasion of sutpur to & characters by bhe assembler.

o o o o e e [ ] PR, LT I P T T o i T e I P e mn mn n ome me mm



GERERAL ASZEMBLER DIRECTIVES
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6-9

R
1%
44
Al
4z
43
ad
45
A,
47
aE
43
i
b
5z
3

3
54
=5

(i ] v |
QaR2r?
COC3es
[RINE e R
LRAT2e
GoOQI3>
ARJIFaAT
LoOIsT
QAEQT L
ano1v3
QaG45d
Aehal?
Qapqzz

a0
200
e
290
- LH
2oa
irds
dda
269
eig
arh
o3t
]

200
oL
200
Z04g
=00
20d
a7
aq?
nol
@1l
a2s
o3l
ooy

20
200
P
208
P
00
e
2060
&40
91
az1
gz
aea

-+

Table ETTELD

- e WL UL

I+ EF o then

+MLTST
LITELZ2? «BYTE
OFTE
+BYTC
VATTE
DTTE
«BYTT
+NITTE
+BYTE
(BYTE
«EYTE
JBYTL
LNYTE
+EYTE

BEY

S0 e PAD e FAQa 2O 200, 250 200 s A00
200 200 200 FAN 250 200 2800, 20A
A0 200 s 200 200 230 200 2304 280
SO D e D00 e FOD, 20, FA0 D00, 204
A0 r 200,y P00, 2AL O Ta 220230220
Q00 2RO e TR 200 p 200, 2O, 0340 200
3L, 02,040 14 o MAT 34T 094045
RS LAY a SV 200 p 200 200, 20B 200
SO0 00l Q02 s O BO4 s BOG QLI D07
Gidr 21012015, QLA o3t ORA 217
LR LT R b s gl By B Y Al B dade TN b F AR el
30 Il e DEZe BO0 200 p 200, 300,200

Iridex: wilh 7 bit KEZIT walup t3 S84 catrresroncingd RADED value
SraceEr if L1 9 ihen pot RARSIF Oihar Gits reserved:

i
i
i
;
F 3

1 ’
FALIIASAT
PR

i ARCDOEFG
rHI FEL Az
FFRRETUNUY
TETT

200,001 G022+ QCA Q04 r Q00T d02,30% i mocderTH

Figuce E-1 (Cont.) Erxample of Line Prinker Assemely Liscing

FAAILITETC HATIRHASSY IWIINED
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RS

Toazis

aepzed
OCciza

LRt
[l F e 1)

i Jula foie ¥
Q0 Fkr

G244
el l LR I
A0HZN 2
plrli T |

DEarsd

Hezpa
CoOp2 gD
O]t
L&0%01

aoeiad
defdaL
201347
L0576
apfaent
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B1E70G0
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POy
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LHE Bl #SYHENL 12
ENE 4]
TSFH CTTOLZERED
HOT )

L S1THE

541 Ny {EP R
HO W STHROL » RO
RETLURH

+

Table CTTRLZ

LI TR TR THE T

+HLTSY EBEX

iNaow dct Ine aides cher
fM3r apd tast Lt

FSURL BEZ in h&e lpw chate aducrce Fointar
igedl Tallowind shart
Flest 17 st end af sunbol sufrer

ida g49gin 1T ~o
FFlush tn epd ot awapd] ifF =ec

ipa scan o o nen blank char
"Fenlore watk regjstar
iSet Z iT no swEdRpl found

$Exzt

Pradéw waith ¥ BIL ASCI] welue %o det corresronding RADSD waliue
I& Cd 9 Lhepn seacar 1f LT O then pat RADSO: fther bits resarved.

Figure &-2 [Cont.] Exa=ple of Teleocinter Aagerblv Listirg

THAISEY YHIANTD
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ZENERAL AZECMRT.ER DIRECTIVEE

LIST
NLIST

t.l.1 LLEST sbd (HLIST MBirecctives

Forrals:

.LIST
LLIET  arq
LMLICT
WNLIST  arg

WIRTE; axg reatezenls ong ot Dote vf bthe avkinnal symbolic
#rgumaets defined in Taxhle -3,

s lpdicared above, the listing contral direccives may be used wilthous
srgumertks, 1n  which case the Ilsting direztives alesr the listing
Lewvel eoypt. Ghe Zisting lavel gnount is Lnitializ=d to zera. AE 2ach

GOEIE T EReE of 7 LLISET ddirestivws, the lizting leval count 1=
inocemesked; &t each occuryence of ar JHMLTET @lrestive, the Tisting
level wcounk 13 decremented. When Lhe lewe]l count i opgative, the
listing 12 c=suppresasd  [anless ke Line centning an arrerel .
carvorsely, when the level count is greater than zere, the listing is
getrsfptad regardlaess of khe copboxt of the 1ing, Bizaily, wh=n Lthe
zzumk ls gegn, Ehe lipe is cithor Pisted nr suppreessd, depending an
Ehe: Listing <controla cwrrently in effect  [ar the  progrem, The

following mzacre definitlon emplavs the (LIST abd KLIST direcrives to
gelactively iist parklan: aofF  the macra Body when  the mezrc is
erpanded ;

LACRD S LTEST List test
# B=thiz llne shoeuld list rLizting 2ewvel voont I35 B.

WHMLIST rLiscing Zevel count Is -2,
¢ B-thiz tine ahwuald aee Llzge

SHMLISET _!f.:-.EL:_rI"J lauye] cpoont is =32,
; O-kR3iIs 1lipe shoald met list

LIGY ifisting level couprk ls -1,
¢ -tZis line shauld pol liske

.LI% sLisling level coant Lls A,
: B-khizx line sheald 1ist :Listing lavel gount is B.
; F—khi=n Iing sheuld liarc jListing level coant 1z @,
3 S-rthis lire shoold lietr pLigsing lewvel oconpt is B.

- EMOM

LLEICT ME rLIst MmacTy aXpEnsian.

LEEET imly the mazia
i &2-this line shoold List ;Listing lewel count is R.
i BE-thiz lins should liat ;L.is':i:tg evel count % B
P P—xhix lizma =wheuld list tListing :zaveli count iz .
; S-this line shcould liatc ;Listing sevel count Ix B,

Mote that the lines Following line E will lisk bevanss ghe liating
teval @ount romains M. Zf o .erIST Aireciive f£x  placed at che
Leginping of a program, all macro expansgiets wil} be ITisted anlese &
SNLYST diroetive is encountered. .




GENERAL AMSSEMBLEE DIRZCTIVES

I _ - . - .
Aosmporcank perpzse 2f the lewel sounk in ta allow pmacre  cxparsions

oo b Didkm] srlEaTivaly

and el axii wllh khe 1igtimg levsl count

CoSTarea ko the waloe exiaticng prlay Lo b recpo ootd.

Whiin nsed wilh arguaanrts, tl
ligting  Llevel oowust.  Howes
uge: o owerridse current listing

Delow:

SMECRI N

«LTST

SHLTES

. FHM
JHLIST ME
XX

e,

2,

bl
T owva

ar

palnt nu=t Tine.

;O rnt lizt remalirdnr of waopa

Pl nint LiEh PESED eXpansions .

The fywmineic argpuments elloweso Luy uge wilh Lhe liskins directives are

dezgcribes 1 Tahis &-2,

catination wish rack a<her.

Tharne  argquments can be used sirgly or in

1f malriple arguments ave =poexificad in o

listing Qirective. esch srjurent misi 2e separabed by o comma, tsh, or

Space, For sny apJumsnl oo

Etalsaeck, ths sssnolated

specifically  inpgluded in the carkenl

defaulc  assunvlkiar  {List fe No list) is

appl frable theouwghaet the Bacrzz srodgran,  The default azsupptions Lot
the 1l4tizg contrel Sirscllves siga apoesy In Talin G--Z2,

tToenle -3

Cymbulic Arguments of Listine Control Dirscklvess

L S BT S —

AEqumer L Defanl L

m——r ———

funection

REL* List

Lt I E LT S

wontrals the Lisking of thn soquential
numkers  aszlvbed o the soures limnss.
L this  rambn firld is suppremsges
~heaougk an SALIST  BEG direvhlive,
MACHEO-S1 gensrates & kabh, rrffectively
allouvating  bIznk sgpace Lor ithoe Figld,
Vhus, khe gositional relaclenshios of
Lha athasy Sieldz Ik khe listing remairn
nrdisturhbed, Tar iy Lhe mzsembly
Broainnas, MECNT-11 exeminga: oroh source
Vime for peseibla: crror conddilaons.
Faor any line 1o rrror, the ekrer codo
iz printed preceding the nunber £1lwld,

[ —

* 1F tmp JNLIOT avgmeplks SRS, Z0C, BTN, &nd S50 are in elteck a-s

the =2ame time, zhat iz,

it elr: four sigrificant fi=lds 1n khe

Heting a2re to he suppressed, kthe printl-as of  t5n reasuliting Llank

line: 13 inhibited,

e o o e m . o m e e . . . o o . [ g o o . o g e R} [ % 8 e o ¢ o m e o

Ionbinund on next pagae)

Sireclives dn rot  alter the
LIEM and (MLIGT direchiver <an be
rax, a2 shown 0o the  example

e e B e o T W IR e [ g Pl B 7 - g e o e o o o o e oo o e o . 8 o e
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AlTunent

GEWERAL ASEEMBLEER DIRECTTVWES

-2 [Cont.h

Syroolic Aryuments of Listing Centrol Directives

Lo

By

EHEX

Mlz

L

r
bl
rh

Tunuktinn

EACRZ-11 dees ooy assign Line nembers
La  Lllws  whst  hawve had suwch nembers
ammigned by otiher prodrems fan editor
arafgraEm, for Instanas].

Contpels Lhe lisliog of  the oorrant
iocallan Luukbiter field, Marmallw,
Livig Eiertad Is nat SUpRresged
Fowever,  F 07 is suppressad Lbhrough
thee  (HLIST LT Gireczive, MKRORD-11
dars net geEnerabte a hab, nar doos Le
silormste space bar the Ficld, =5 is
Ehe Soss wilkh Lze 550 "icld described
chawva. Thua, zhe sepprassion of the
fuUrrent  locakior counTer (LODD) Eielks
#Efenriysly deiil-Jaskislax Al
suilvicgquens fislde while  poesareing
mositianal telatlanskipsl Tt the
teztitlah imermally  eosupiad by the
counkst®s ficle,

Loankrnls tho listing of generated
olaaes ange, If this field is
sunpreissd through  an JHE T HiN
direntive, left-juslilicacvioi 2§ khe
soprne oode field ooccuras In Rhe sang
Manner Gesaclbked  aboywe for the LOT
Mleid,

Tanlrols Lok Lixtinag af Bimary
cutensions (The locaticas andd binarw
senknnts Beyond thase thabk will Fik an
Fhe =3Uroe aleptoment ling) . This is a
sebsor of the BTH 2rguneat.

Tankrzls che listing of senrce lipes=.

Conrkrsls thee listing of ComTente,
Thiz 1z & zabsek of the SR argueent,
The (HLTET o dirmckive raduces
ListiIng wime a=d zpoce when <onments
nre nob desired,

e lintine of AT n

Fdefinitians arn Tepoat ranTe
igrns

Tonlrals she listinsg 2f mavre calis
ernd TroonT ronge F?R:CIEFIE.:L&?EIR-

- Il “hw

: Zsles

i k=t
S——

ALTUrEN T

R
snirg ern
ine ig inhibvi+ted,

Ty

SEQ, WO, BIM . oand 5T oare in wffec an

sl il the

adie Lowur sienllicenlk Lis
Thking klanx

L prdon g el L sy

fearbipped on aexkt osged

——



GEMERRL AGSEFMBLES DIGECTIVES

Table G-z [Cont,!h
Syrbolle Arguments of Tisting Oontrat Nireccives

AT G UELen: Limfault Fancktinm
ME v 1l Contrels the liszing ok macrco

sHpanzisns.

MEG Ha List Conteale The listing ol DLa L
capansiaor bicacy  ocode, A L LI5T MER
rirTective l1lizks only thkose macte

EXpansSILt gktaterunts  that generate
oinaty cude, This i o subkset of  tie
ME arcumgnot.

TR List contesls the lisklng oF unsatisfied
conditisnal ooding and assoclailed 1T
ang JEHDE directives inm the asuarco

Trogran. A LMLIET OKD dlrachive liscs
cnly satisfisd conditionsl coding.
.0 Ba Tkt Zontrals the tisbing oF a%1  listing

dlrectlves  havirg rno argumentsz, in
wlhhes words, the dirsccives trai alber
the 1iaklne Towcl count,

oo Lisk Ccontralzs the listing oF i%n tehle nof
=ontenta  dutring  auszembly pass L [see
Geclblon 6.1, Adczeribing che (GBTTL
cirocotival. Thniz SEQUmans  does oot
affzat the printing af the Ful’
sezembxly  Tiating durinn zsgeibly Dassg
<o

5YM List contralz Lhe Lliskipg of the swmbol
table resulbklng  Fror che asgsmbly of
the asuree procear,

TTM Mo 1ist cantrale the lieting outdar format,

Tra cufawnle is S8 ko line printer
foermst. Figure G-1 iliastrates  the
line printar cukpuk  formet,  Figure
£-2 illustrates bhe kelnprinter output
Tarmars,

—— - r————

Any argumert fpoecified in o JLIETFLANLIST direclive oLher then tho=sg
lisited Irn Table -3 causes the directive Lo b Llsgged wlti arn asprer

zode (b)) Im othe asgembly ~istling,

The lisbing soptrol apticons oan slea ke specified Al aszoenbly Lise
thraugh  switckes Ipcluaded 1n Lhe command sbtredlng fo ¥pORO-L1 (soe
Zeoclion 8.7.% akdder the appropsisbhe syusten maronlt, The use of these
switches uvuerrides »11 copresuvendips 1isting sencrel {LLIST o JWLIST)
dirvecslives spacificd in the source procrar.

Figure &-31 shews a listioy, pradacsd in 1line princer Larmat,
reflecbing  the wse of the JLIST and JELIST direckives [n Ehe saurce

Frogram and the effoeoty such dirgecives hove on the aszembly  G1skipg
auiful.

f-1
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Ggone? Q003

WLIST

LETHALC
+HLICY
- WL

i 1ET

LITHAG
+HLIET
UGRR
«LIST

EMD

TTH

EFR
SET
Lr2adsd

JERF

DIx
LY
li2adr4
FEY

Tiguse 4-3 [Conc.)

LIET

LITHAT
HLIAT
RO&H

«LIST
LLTHALZ
+HLTET

s WFRE
LLIET

Eigcing

SRL

i 1T ICcamert lings tast
cny

d10r3¢4

CAH

<CDH rRCK> ICakzent lines ans axiended bdinasu test
COFa DEY

1:.2rds 4

COHrPEX

FENaDIe narrow lizting

sEBapueare nurber= test

#This 1c 5 bep3l camaent

iBirATY axktensions tesl

fThlzs I8 5 test comment

Producyd with Listing Conkeal Diroctives

FHAILIANIO 9HTINAREY IWHHNTSD
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GEHERAL ASSEMBLER DIRECTIWEE

TITLE

t.1.7 LTITLE Directive

Format:
«TITLE nteing

Wheioe: skrling representzg gn ldepkifier of 1 ar more Ragis-Lp
characktars, fppendix .2 coatains a-tabie of Sadis-5H@
chAarackers,

The .TITLE Jdireckive zgaiqns & name to the objoor models. THrE nang
asslgned s the Firsk 2l® nen-bLismk, Radle-5P0 characters following the
.TITLE directive. ALl spages andfor  tebs up Lo th= Eirsk
hon-ggaces/man—-Lat charackter felinwing the TLTLE Qirective 2re ignared
by MACRA-11 when evalitabting bthe cext string. Any <hiracters Aayand
the Zivrgt 3isx are checked for ASCIT lewallsy, bul bthey =2fe nol wused &3
part of the objeck meéule name. Far cxample, fthe diroecties:

LTITLE PROCGRRM TO FERPGRM DALERY ACCOUNTING

causes  thre  assembled objecl @odoale bo Se  nsmed PROGRA. Thia
fF—cheracker nase beare 0o relsticnship to the filernazmo of the abkjaet
mafdnle, sy specified in Lhe command string to MACRO~11. The noma nof
an abljast wodeles  (speclfied in Ehe JTITLE dirsctivel appears in the
load map predoced at Iink tims. This 15 Alse {he module  hame  which
the Librarlan will recoqnize.

IL the Pi7LE dipecctive 1z rek sgaclilzd, MACAO-1: aseigne the default
hame LMATR, Lo the abjeot moduls, [ mecs than one (TITEE directive
s ospecified In bhe sowrce  pesgrom,  the lasbk JTITLE gircctive
anoquntarad durins assemhly pagz 1 agkablizhes the name for the =ntire
abiect module.

tf the .TITLE directiwve is spesified witheut am obkiset meduole nomse, or
iT the first non-spacenon-Lebk characzer in the ocbhiject rodulae pome is
ok Had ix-68 characker, bhe divectiye i3 flagged with an errar  cade
it in the aszembly listinag.

SBTTL

B.l.31 L.SBETTL Direcrive

Pormmb:
LBETTL stritg

whorns sStrCing rrproesents Ao Identifler af 7 onr @ore printails: AETTT
charantars,

R LT L
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CENERAL AZEEMBLEH DIRECTIVES

The JERTTL  dAlreckive s used to produce a  babls  of Coflzeizby
imsecintely precediy  Lihe assenkly  listing &nd  ba print the bext
fallowirg the (£IZTTL direecive on the second Zibe af the header ol
2a04 Payse Do theo listing.  The sabhcad pa in the Lext will twp JTisced
until aleered by o subsequent SRTVL dircetive in the progeam. Foe
edanpie, the Jdirecrivwe:s

LABTTL Condiltnrel assembil-es
CAalERS tie lLext
Conditicnal assomblies

Lo bp prictad 38 khe seoomd linme  in kv headaer of  Lhe anmanbly
lizting.

During assombly pssz 1, & Lable of ecentents conkalning  the  line
segquence number, the  page number, gnd LAas kewp acnomnanyicg esch
SEITL direative iz prigbed f[er Lhe esgesnly listing. The 1lleking of

the Lkalle of zontents le suppresscd whonever an JNLIAT TOC direotive
2 anvguntered In the scoaroe program (see Table 2-2),  An oxample of & -

"

toole cf conbtents Tisting Y5 shown din Tlours -4,

FTTERT — RT-1L AULTI~ 17 §RT SE RACFC W0T.00 Eaturder @0 Jan F 3700
TRBLE CF LOMTENTS

30— i ATIUT = Oisiedle rharaciepr aoipnt EFT

%1 1 +MERLT] - Facet CTREL_.SC EHT

] 1 SHATATCH — Jitseh do Llyraipal £41

=F 1 HMTETZA - Dekech frop 8 Smrpinasl EFT
i

TE- ~HT R F fript sesesae EA” -
S SHTHIAT -« Babure wUItl-Larmlndl wwalds stwigpe (4T

- ] ATTIH - Bvaxle charzcies inPul

ZE- ! ETTHS T - [ipt. 2 charactor Troe the 2808 buffar

5¥- L TTRIET Bergl ferriral status blic

ali L ETT T - Blngle chardClai ouisuk

L 1 KTSSET - Slar wsd detech pll teteinsis astached ta 4 dak

EX— 1 ESTAFE STAUEELRS TOOT SUBRORIT LM

Pigure B=d Neserhly Listiar Talie ofF Coptencs

JIDENTYT

B.l.d LiDENMT Directive

FoeEmat:

CLNENT Setreingf

Whers:  Siricyd  roeprosents & 0 string ol oix or Fewer Radlx-5¢
charaocuers whianh gstablish Zhe procras identificeclon
OF Weonlinon naohers,  Thiz skelng La 0 inceloded  in Lhe
global  wwmbz]l  diczcbery ol Ehe pbhdiect module and 1=
printed in the link mez and Zibrarian llzcing.

S e o — S T R L W G R R R S BB M W W W e WA N N WL . e — — —————————————— ——— — —



GENBRAL ASS5EMBLER DIRECTIVES

; S orearesent folipmiting charactere. These delimiters may
e apy psired printing characiers, obkher thap bhe
equai Sbgn (=1, Che Lefbk angle bracket (€], =t Ehao

gemicclan ;1 A% lang as the delimiting charzcter is
not contalaed within the wewk skripg ltself (ses MNoke
1l Secllen &.3.4F .0 I1Z tiwe delimiting characters da

not match, ot 7f am illegal delimiting character ie
perd,  the LJIO9ENT Firective 15 fiagoed wilih &n ervar
code [RY in thme sseembly liagcing,

In agdditlub ta Bhs rmemo sssianesd ©o the obizct moduls wikn the | TITLE
dirpctive [see Eection 8.1.31, th<e (IDOHMT directiwve allows the nser to
rshel tCLhe u]‘.‘j-&-cl‘. mednte with the progesm yoarsieon noembar.

An e.‘-:ample ab Bhe JTTHENT dirs=otivs iy shown bolow:
CIDENT SV@RDLdsys

The characbkaor Soring 15 uvonveTtod L7} Bed iw—50 repreﬁeﬁtatiun and
inmiuded In the alchsl symibel direstoery ol the obj2et medule.  This
charseter atring zlao appears in the lind mayw prodoced a3t flpx  time
And the Lilbtrarian dirveocnory Eiﬂ'.'l'.;'ng:-:.

HWhen mare fham are L IDFRT dircctlive 18 eccountered in & |._1;i'.,'43n TEOQ L am,
thoe last  zuch directive encountered eslabllshes Lhe charaater sepipg
whick forms pare nf the objent madwls identificatian.

The RT«Li Llipker alliows unly oo (IAENT =ftring in & programn. The
Iinesr FELIE tihie Filrus JILEEHT Sircctive oroconptnrad dl_:_ri:ng the first
Tads o wehtapl ish the sharaster string that will bEe  identitled with
2:i1l 2f the ebiect Dodoles, ’

The ZFBX-1IM kask boilder £Ylows on JIDEKT string Ear  each modoule  ip
Ehe progyam. The 'TAEE Builder waes the Llrst _TIEHT directive In sach
Modaie ru eskablish the charackher string thas wilf bBe identified mith
that meduie. Lika tha HT-11 Linker, the fiBs-11w Task Builder uvees Lhe
LIHENT directiveny enconnbered on Lhe flrat pass.

.PAGE

%.1.5 L.PAGE DirectlwvesPage Ejsectien

Formats
.PRGE

The .CAGE AdirecLive 12 pzed wlkhin che smeron Fromqeam s} Fericrm a
peyk -:e_‘iul:I'. At desiped geints in the 1351'i';.r_;. Thisz directive takes o
arquments #ned causes 3 sklp toe the fep 9f  the nexs pege when
enoountarad, It alse cawzes the page nuaber Lo be lncremented snd kb
Lina =equence counter to bBe 2leared. The (PRGE direclive dass  pob
appear in khe listiog,

Wren dzed wlihkin a wacee definitian, kRhe PRSP Sirective ig lynared
during zthe aszembly of the macro definlklan, Father, the rage ejest
aparation i performed an the mazen itselE i2 supanded. In Lhis case
cha page ranker ts 2lua incrementedd,




e o . e e e . e . e . e, o £ o Fmid e "

GEMENAL ASEEMALER DIRECTIVES

Fage wiection 1a scoomplighed in bthree otkasr WaYEs

iy Afker zeaching a vount of %6 linse In the Iisting, MACREN-11
auToraticaliy  perferms o page  elect ko zkip over page
perforations an  lipe printer  paper AnE to fermitl age
teleorintor outocr lbabto pagoes, The pagese  number s pat
chahgnd.

A. b pagro giect 13 pesfarmed when a  form-fe=d characocer is
cnoouncered, It the farm=feel characenr »ppezrs within a
mecrn definition, & pedge elerl occurs during the aeserbly of
the macre  definition, bul nek daripng the zxpssslon of che
rarra iigelf, & vage olact resulting leesm the vse of the

farm—Le=d charactor cawsos the pace nuaber to be incremerntad
ard the line sequencs Countor to he clearsd.

3. A page elece in performed when 2ncountering o0 new  BaLFSe
filw, Tn  this case the pace nunber is incremente:d and the
line s=quence count 5 coset.

.REM

M.2.5% LREM Dlrective/Begin REemark Lines

Formol:
~REM cofiment-rharzoter

whriTe: Ccommenb-characksr represents o charooouer thst  marks the
AT of rtho  zoemmerl bBlesk wher  the
characoer runeogrs.,

The .RE4 Airective alluws & proggammer te insect & block of  comments

“inta A MACRN-11 source mrogranm wilosol having ho pracede the comment
lines with the rcornent charzeower (33, The texs between the egpecified
delimiking cheracters 18 Lrealed 3w uwasmantsa.  The CoOMmenis mey suan
any oomber 2F lines. Toe wrempro:

- TITLE Remark sxdge-pln

LEEM £

AXl the Lexrk that pesidezs herz iz inLecprebed Sy Macpo-=11

Ls Bz compent limea wunlilli atwbther arperzand character is
fourd. Any charaoter say be osed In place of bthe emporsand.
" LA L

L EHD

£.2 FUNUTEIDH DIRECTTVRS
The Lolilewing funoticn directiver are fncladed in & 5oUFE22 progcam ko
!

= T
Invoke or ipkibibL certair M2700-11 Sunctlions and operations innidental
ta the assenbly process jbself.



SEHLEEL ACGEMRLER DIRECTIVES

£ b
f.2.1 .EMABL and .D5hAL Directives .
Formatas:
LEYARBEL  arg
JMEATT, Aarg
whers:  &=ry represents one of  RBore of the aptlensl  eymooliz
argqumnernl.s defineg In TAble R-3.
SpeRcifyirg ary atgoment in an L FHARLY .DEAGL diregtive other than those
lizted in Tohirn G-1 causes thobk dlreclive to he flegged with an error
A cade (&) Ep che assembly ligviang.
Takle &-3
Symboliz Argunenks of Funotion Contrel Direckivas
Rrgument Fafzulit Funcblun
e, hEH Dizabkle Erabling tnis Lonction  produoces abSolube
. Einary rutpk lm TILEZ-11 former. Tao
convert thin  apkaes Lo Tormatted Binacy
Thrmat ines Teguired Ly Lhe Absolute
Loaderl , use *he PLA ki lby.

AME Tlsabie Enabling this foncrich cavsea sl ralative
addrasses (addreas mode RY) fte be assemblied
a5 abnaluse Addresses {jaddresa mode 37 .
This tunctian iz nsefu] during tha
debiugging phuse »F avagram develorment.

; b LR Cissblie Enatling  fhis Luarocien CELUEEE FAULCE
: rolumns  fFrom 73 Lo bhe end of the llpe, to
be treated as @ compeakb. The mosk  ComEDdon
use of this [eskure iz to permit snGusnose
nember=s n card caolumng 7 3-BE.

CEF Enable NDisabllng this tuasticn inhinins b
gqenetaklst: of cross-referense arkput, This
Funclhian only I E: M8 iy it
CronmoTeSarenes autout geperatian By
specified in tho campeand scring.

FPT bisatle Enegalirg this fupctian  cawvses  Cloating-
peint  btrurastion; dlsabling this functicn
rauses flosking-polink roundlng.

1.6 Frnanln Olzabkling thiz function causes WMACHD-1l1  to
conwert aXl MRCIT ihput I NRRASL-GIHSR

- } ) befare prosessing Lo,

‘gunCipued on nexsT page)

N ——




S

GENERAL ASSEMBLER DIRECTIVES

Table B3 oot

Synbalic Arquments of Funclion Tomtrel Gireortives

—-—r—

Argumenz

oefauls

_—— — —

Temctian

Lk

LEn

B

Dizable

digabhiie

Lizable

Enahle

- —

Tule  argumenk, if enzbled, coLses Ehe
FRIEDe-L L candiejomgl annembly dlrectives
IT T2 and JIF N te be alphabelically
CAnn senziidvr, oy defaule, Lheoa
direztives «rp not Case sangitive,

Thi: argument pernits  the enabling nr
dizanling oL 4 lacal mymbe:Ll Blen,
Altpough 2 leca? syabel blosk  ia  noraziZy
entablished by entolntoring a now symbalic
dabkel, a ,PSECT directive orf & L SESTORR
ditecrive in khe source grooras, an | RHASL
itk direcuiwve estabiishes g new Ingal
svicbol  bBleck whick 22 nat terminztinod until
) Enethar (IWNARDL LESE iE. ercounterec, or

i Anatlie:r - swmbollc lakel, -PEECT
nirectiva o JJESTIRE direclLive s
encduttored  follewing o paived ,DSAGL LR
direetive,

L
P B

The: bazic Tupction of this diresrive  with
regard te  (PHECTE  ix Timiterd o thege
nstances whirre il ls desirabie to lesve &
Froecram  sectios tRnpotariiy o share data,
fnllowed by a4 ratarn Lu  the arlyinal
Prugeam  Becelanm, Thiz cemporory dizmiszal
uf the current program secsien Tiy alse  be
accenpilshed threcuob Bl JBRNT Ard L GESTORE
dirverives {see Scaticns §.7.3 anc h_o7.4).

Attenpbs ko define  lewsl sywmbeis In zn
alterrsts  preogran section zre Flagged witkh
an errep ocode [F1oin the assembly listing,

An rxazole ol krg (BMBBET, 55 and DEARRL LSEH
direchtivos, a8 Lyvplually waad In a sopree
prugram, is ghawn ir Figore =5,

Tniz acqement, iF snahied, causmas MACRD-]1
ta  saareh &l YXpown macro librarles fop a
macra definirvion thal matehes any undefined
éx¥mbnla  appearing in the opoeode field nf g
MBCAC-17  srcatement. By cefsult, whis
aution ia disebled. 17 MACED-11 Iinds an
anikiowhn symbol  1n tha  ocpoude field, 1+
@ithar geclares a (2 andefined aymbal
errer, oF dedlarcs the aviiiol an externngl
smymbal, dapending er the .EMaEL/.DEL3IL
aption aekking of SEL idescribed balow) .

Disabling this ILupcetien 1lo™fhitsg olnary
oULpat  wntil &an L RJAEL PY¥D stabtement is
enesuntersd] within the same module.

(:ﬂﬂtluuéhmgg_nuxk Fager

[
|
g
B |

BT R L T T L L ] " e ee——
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GEMERAL AESEMRLER DITREZCTIVES

Takils -3

ConTa )

Svmbaiic Arguments of Ponntiaon Canttol Directives

i B —_—

Argamesni Caiautt

ki T

e e e e o . G o PR e e e e e e e e

Function

il BT ke e L —

JORART. REIG dlvechive
MARTHAN-1  Jdebtzuali

reqliater delinitionz; £ not disahled, thc

defnikians lizted belaw remalin iz

The EAREL DECG atabomeonb may ks wsier: as the

camplament =f rhre

nat recomaeded,

JISERE BRG
toege Clirectives,
Far Lagloal

harrsiAad detaull

RE Tnabie Woen specified, rho
inbhibits tha norrel
dsZault
effact,

B =%i

il

PZull

Ei-xi

HE=1%.

Fh=2%h

Er=1F

Fllmg
lagiosd
Hirmet lue, The oo o]
hawever, in
-;,:::||',:',;E._':1:r.-'_-|:_':,r_, 128 4 Etie
regigretr defipnitclens listed ashove.

TR Enabhle This arcumcnt,

oo maxk azl
ossenmbly pasn ¥ with = 5
Tisting, Tha

agarmbiy

if disabled, causes MACRO-11
zede fln=a Feferpntas 14
efEar  in  toe

delfaulc  for this

cption i% ehneadled, which causes MACERD-1L1 tn

traat al

1 vl e d
qlabsi, &ilewing the

ayabhol refersnces as

i Slewar La  reaslue
therm,
CEMARL F . ERABE  MACRD UAT.00 Saiurcay 0H- jan-gd 19I0H 0 Paoa L
H \TITLE EKAEL~-UGABL
3 i
1 I ILLLETRATLE w¥HANLS.BLANL LC
b HE
]
? PEMRBL LE FSTGHE HaC¥L: ik LCiIER CASE
i
# AaC&C TEAT LED
1% CAASCIT ATHLT S54 m lauwep cazs mbriodf
11 NI,
1z
1x IET EE
1& -H_IBT ZEX
La
L MOcyon TETT L] ilnvoks mrErs L J0Wer Cdied
[ et il [ 124 T} H- wuLd Afhow sa o a leiskwbr od8Se Fitripas
e
LB ~DEABE. LI i minmLiie lower cwdae
o
S edncaT TEXT WS P9E--THMUKE HAEPD 1Y LPPER [ABE
QOocEE L | ill vAEDEL ¢ THTE E&: A LOkEr CLA3E 9TRLMLS
*1
72 LT HA 11111 sEHT

Figure =3

Cxmaaple ol JERARIL and

[
&
s
=1
[

Directives




GENERR[ ASSEMBLER DTRECTIVES

.CROSS
-.NOCROSS

B.2.7 Cress-Reference TiFsarivegs LLRASS and | NOLEOSE
Formalos

JOROGE

JTHOEE ayml,aymI, L. LsvEn

2 ePHIHGRE

CHOCAGER Hycl,EymE,--.wynn

where: oyml, rupreserts legal symbolic nomes. vhep mulliple
EYMd pa o wymbels ars speciiied, they are senarated Ly any
SN lagal separalor {vemma, =2pace, andior tab) .

The .CROS3 arnd Ehr  NITBROSS Firestives oonltol  which symbale ara
ircladed in the orosa-reference Jigbing  prodosed by che MAomo.L1
saBeEmbIer.  These direzilves have a2n effpot anly IE the sCI®1 ar khe
SCRTER qualifier was wsed In khe 2ommand lime  Lu o selsct Rl
CrogZs-relermnoe capaldl ey,

By defsulk, -he cross-referencn Tisting imzludes  Lhn deflali-ion  awnd
nll thi releremzes  bo  owery  usger £ynhal  in the @odole. The
criin-refersnon liating can be disebhled  For all svmbols ar  Zfor a
Frecified List ol avooo:s,

Whan the _NMOUEDSR directive s yzad withoat 2 swmbel Zise, the
CPrags-releranua  lizcing of 311 eche symbela in bbe module is disabled,
The cruss-rafereace iisting of a1l  rhe symbgls In the madulz i
reenabled when the JCROAS Firsotive 1s gsed wilhaut g Evmbal Tist.
Ay symbel dafipition oar  reoference thgc appeacrs after &  NOCRASE
dlirective rchat In vsed wizhcur = gymbel]l lizt and before Lhe next
CROES Cirective kthat §5 useo wikthowz a BEymbol list, 1s ecxaluded Erom
the cross-referenco Cisting.

The ROCEOSE  direcLlve, wsed with @ symbel  1iat, disshles Lpe
crags-refergnce lilsting for  the listed  syelals. Whzn the ,JRZ=cs
clruecfive 12 used Witk a symbnl list, tho croas-referance Tigring nf
tine listed Eyelals iz reereklad,

in the Ffollowing cxanple, the fefinibicn of LAREL: and  kue relerenne
ko EOC1 ard LDCE ate et included in the cross—raferenso ligtino,

Exompie:
LWACREES JETOp ctoss raferenco
LHAEELL: LAV i LoC? | Laeg Capgy Aaka
ol 25 rBeenable cross reference
Ern the nexrs sxample, the definitian of EASILD ard the teferance ko

LOC2 ara inciuded in the cross refersnce, Lt the reference Lo Lacl im
nokt imnaluodec.

Cxample:
SHETEOSE oo 00 ok cross refergnoe LOCT
LABEL®: MOV Lol , ooz iopy data
THUEE Lad tR=unahle crass refersnce
ral L],

n—zd

...... o e e o e 8 e — e e . . LY iy gy e e = e . e+ o 5 i s mmmm - - ——— - — —
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GENERRL ASEEMRLER DIRECTIVES

The ~RO55 directive, used withuul & 2yzbol list, oakoat be  ussd  to
recnable  Lhe cross—-refecence  listing  of o asymbel speclfied in the
aymbal list nof & _KOCROEE directlve. n aldéltlan, if the
crane-rpferance 1isticg eof  all the symibels In a module s disalbled,
Lthe .CROGS dirnctive used with & symbel 17st will Neve ne effect antil
Lhe oress-reforence listimg is reenzbiad by the (CRORE dIirserive uuec
Wwikirout a symbol Tietk.

o

The LORNES directive, with pe gvmbe?! lise, 12 eguivalens to

the (ZHRBL
CRF dirgctive, and the JROCRIES directive, with na symbel 1

iet, ia
coniwatenk Lo the (DSRML CRT directive.
f,1 DATA ETORAGE DIRELTIVES
L owide Tenge of dJata  and  date cypes  oan he generated  with The

Girectives, AICLL  vonversisn sharaccers, and radix-coabrsl operators
Gezorihed 1o the follewing sections,

.BYTE

A.3.1 .BYTE Dlrective

Farwat:

+EYTE ) iZTores the binatry walues af bEhe
rexfFrossion In Loe naxt byke.

JEYTE  expl,exp?,expn ;Steras the binary walves of the list
;of exprezzions in successlye bytes.

WHBTIFY ¥, reproscot. eXpressians that  mMURT be Teducec Lo g hits
GEP] . zl data or  less. Bagh wepraseicen will be resd a2 &
. : ii-bit  word expression, Ethe high-crder Gyhe bo be
. bruncated. The high-order hyte aust be either all
3 TRTON or 8 bkruncsticn (T error  reswlbs,
SATT Multiple mxpresslons must be ssparatod by conmas.

Tre Laypy glreclive im uged ta genarske  successive  bytes ol binary
Gate 1mn the ohrect mcefole,

Ercomple:

CBETH e B 1The wa—ce 68 (ootal ngoivalent of A48
sdecimas! 12 stored in looatfon £1R,
rThe ywoiug FAS [ atored In lomation
HL A

Mhe canatruction 0 i the first vperand of the B¥TZ directiva  above
iiluntrates the use of 2 semporaty radlxe-control  oeperslor.  The
function of zuch specfal  anary operabtors i desorlbed ln Secccian
G-4.1,2.

11
3
ki
[FL]

—— - — n- T i B e -y




GENEREL AESRMHLER DIRECTIVES

AL 1imy tize, dL ix Tikely thac a r="noatalile vEpreEEian WlFl rezuls
in B vYalue havisg mers been eignk Lits, Zn wh'ph case The Lansk brilcéer

ar Lin%er issnes o Louncation (T errer  for  Loe chieck wmedole in
JUestign, "pr  =xérula, cho fallow g elLecemencs  oroole wuch =
Eossiollicy:

SFYTE 23 pREaTes ackal 23 in pexl Lyte,

LOFTE EY et ocatabls vaiue & will Frogakly
pFaude crunzzlion eTror,
Tf en e:prozzicn Eollowing  th SEYTE cirestdve s rall, iz 1
interpretes an 2 Zaros

=12
{E¥TR ras wE Fre stored ir hytes 2330 421,

.f I-'-'-l'w-..I IIIJI':?_

ot
|
R

= me
e T
bt

Rote Thal In the zbowve swample, faour Lytes 2 sfcrage result From  tho
SHETE directive, he thtenr vemmaz In rhe cperand Field reprezant an
ImpZicit deslaration of Lacr pell veluns, esach separzted  Lrom  tre
vLhoer By 2 womwma.,  Mense, Foar bytoes, each gonbsining a valus ol sers
A1, are rerorvec in o the skdjecr modnie.

FLo3.3 0 LMURD Dlrnctive WORD

Tortmalkss

«WORTE BYT raterzs Lwa binary equivalenc ol ehe
Ferxpra239ion in Lhe nest ward,

- WM cRpEl,eXRE,eHpn rStares -—ho Einary roguivalents ol ERe
L I o . -

13k ¢l zesreagsiony in eurasgsive

prards.

-

whete: axp, TopZeesnt  exaressiong Lhat musl redoce Lo 1§ BiLe oF
oEpRl, Azba or less. Multiple exprossions masc oo Eeparibod
. By orrhiasg.

SHD

The WORD directive is uped Le grnerste sumoesgive warde oF dats in
Fhe ohfoor mooulco,

Fromple:

Ehl=2
-=Gdn

«WOEL

-af

A%, L HAL rRAtorps fhe watues aTR3%, SRR, and
P8 iR words ISP, 533, and Rdd,
Prespartlvaly,

L S L e B P s e o e o e e, TS M -+ e e o . S
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GEMERAL RESEMBLER OIRECTIVES

If an pxpregsnlan fellowing rhe JWNRD directive repralnn 2 null  walue,
it i3 intercrated 22 a zero, &5 shown in Khe folinwing &Xample:

-—5AR
CWCHD . iGtores Lhe waluea ¥, &, »*nd A An
jioaation SE®, F2, and L¥d,

crespectively.

& statemebk Witk 8 bBlank ueetaccer Einld [ong Lhat oontains a0 Symbel

ather rhen & meoro wall, 2n  iestruction anemosle, & 0 ERCRD-1]
Airpeblve, ot o somicclon) iz ipterpreked  during  assembly @8 on
impl ik WARD dirsctive, a5 shown in thr cismple below:

=448 _

LARFL: 1AA,LARSL ;S5tares vhe waluwe 1687 ip locabion 448

sandd Ele weive 440 In location £42.

HOTE

Ypu gheuld not asg vhig  Eechnlgue a0
gqenerates WCHD dlirectives baczume o map
rine he  1nciwoded In Eexture Fhp-11
agermbinrs.

f.53.F RECIZI Canverslon Characters

The eingle quete (f: ana the double guuie ("] charactory &re  unary
osperaters that nan appesr  In any  MACRI-11  exfpression. Uzad 1n
MEORO-11 pepressiosns, those Characters cense a lh-hit expression value
to be cenersted,

Wnen the aingle guetn if uzed, MALED-11 takes the next characker  in
Lhe expraessien and conpvacts 1Lt fram Its T-hit ARCIT vzlue to 2 IG-Gilt
cvpression valos. The high-arder bytn of Lhe resuleing expressiase
value is  alwayE 2eroc  [(R], The J6-ki+ walue is5 then used =25 an
absotute term withle the opxpression.  For exsmple, the stzrement

MO A RE

moves the following 16-bic exprescian valae intn regicter @:

GUoDOdGE0F 01400001

L:ﬂinary Yalue aof AECIE A

Thus the exoression A resuits in a walue of 181i85.

The eincle gueeke ('} character mUEL 00L e follawed ay }
ca[rj&r}r_\.--rn‘r_urnr :l'.ll.'lllr HUHCEIT | lin&a-fEEd, ar form—leed :hlfﬂcta[: if
it iz, an arroar code {&) is quoerated in cho assenbly listing.

S S P e = Ll




GENERRL ASSEMOLER OIRECTIVES

When the douable sucte 1s used, MACRO-.1 takes the

i the exproszziaon and goowverts  them bto oa 15-h i
warlue Ibam rheic T-ji» A50TT Pa_en, Taisz TR-Riv owEonn
a8 an abaclote  tarm wivhin  Lhe arpresale, Fot
stobawear:

ekl 'T'l"l:'||:'-:-::r:|:'$
SATY DEDELNEIeT
f= Lher  nsed
pmaTELe o zie

W AR, o

moves the foilowing 1A-hit sEprezcic:

value iaun rzgizcer A

DLOODEIO 01300041

tH"Einary Valoe of BEUTT &

Dinary ¥alue of ASCTII W

Taus the excronsin °AE resolrg in e wvaluae oL A4T 13781,

The daubla guate (7. zharacier, Jike the Elng e quols ('} cherazrer,
Must nat Se foliowsd Oy & crrrlpge-return, noll, ROROUT, lina-frcd, or
Tuem=-Foard Chatenter; 1Dk is, an =rrnr oohds (h] o dim genersted in bhe
Pnsemnaly Listcing.

The AZCTT rharacker set g llured in Append e &.D,

Ro3.0 LASCTY Bireckivn .ASCII

Formatk:
PAICIT Sntrlng VLl LSRtrine oS

wnere: string  le n strive  of rrintable  ASOT!  charzcokers, The
wortical-taby,  mull, line-feoed, RUSOGT, &nd all clber
poreprlekable aR0TY chergoters, oxoent SArrisre-ratarn
end  Lorwm—Feed, Tacze an error codo 111 i nsed in an
LAECTr srrimo, "he corvlege-recorn ard Sorm-Fond
Charzoters arn flogged with 30 erter oode (&' bheoguse
these cheracters amnd bhae 2oan of fhe lice, spreveniirg
VACHT-LL  Ueua detesting bhe rarching del imiter ab the
ewd ol the character slring,

/ ! regrosent delisiting charachers, Taese delimiters may
e Any pajicad printing <harpcterz, nther Lhan the
egual =iqn {=1, the l2lit anale Lrecknt f<1, rng thae
semliolar (r) {u9as Mate at epa ofF saction), as long &
the delimiring charecter 15 hot captzlred withim rie
text  siring  i<tneli. TF the delimiking charaotors do
net mabeh, ar if an 13leqol  delimiting charsoter is
usec, the L BECTT  ditective iuw flagged with an erear
mace (Al in the assembly listi-g,

e e L e i o e e . e . . o el e o 1 B S o 11 0 e o8 8 s oo
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GEWERMAL ASSEMBLER DIRECTIVES

The ARCII divective translates character strinaz  inte their T-bic

RACTE eyl ealenes and stores  them In the abject module, o
fen—prine Lo saracter  catt be  expressed only By enolesing ks
pyuivalent actal waiue within  argle bracksis, Each =€ af angle

brackels =o used repregsnie o £irgls oharacter.  Par prenmple, i "ths
LelZowlng =talkemenl:

JAROTT RS RAABCS R D FOERS S b

nan-fprinkting characters. Easth  ntrackened pspresslon mas:s reduece Lo
cighnt blis of abaclets dats or oo,

thrn sEpressicns <153, <€a+42:, €52, gnd 4> pepresepl  thae wvaloemw af

Angle hrackebs can be eunbedded bBebwszen delimirting  charseters In the
oharooteor sEring ., LT B Ll nretkelkl: 28 userd an nal Ltake on thelr
[RECT E Jgi-.'_w_j_:':'_r_'ur_ce o5 Adelimitars far nr-—prinning A T f Lt e For
rramgale, Lhe ghatenent:

JAECIT SRECSrEpresaian=RES

centaing & single ASTIT characlker sbring, end pecformz no evelaation
o F otha: onbeslded, Braciaeted sxpressicn. This wse of o angle Sraockehks
is shown in the Bhird exemple ol Lhe (ASCIT diveative halow:

JASCIT SHELLOY Sroren bhe ainary roprasentation
7 the Ivktoars DELYDD D Flee
Soager ok leo Gyheons,

JRONIT O SABOSCLE R L2 FREDY jiEtorer the Linsry represontacion
1a¥ the zharzoters ALE,.0,cprriage
srebture line [ead ,0,E,F in eight
rrrenizerpt ive Lk,

RECIT ARCLERBBES Ehares tha binsry roprosnnbericn
tha vhapavrers=s &, <, 1, 5, =

aml B a5ty ooommeopt v Pegk oo

r

The =emicalsa ;) ood reasl sign (=] can
ke uesed sz Adelimizing characters in ths
string, ot sare =ost e pxerolined In osao
deing meaanse of Thair slanificarae a3 g
commenkt indicator and OEsigrment
anprater, CeEsReITivaly, a3 illustrated
i bhe wxomples below:

LASCTT AR SDRES riteres tha binarcy
iIemresentabion of
sthe charanters
:fl.r B, 2, I, &, ana
rFoin o=slx
snonsesutive bytes;
pHio L KeCulnme foded

FR R Rl o

G-z



GENERM. ASSEMBLER DIRECTIVES

WAECIT SABCSTET Boores the binary
apreaencaklons of

characlarsg A,

.
’
;

T

-

v

Gy, and & in rhrsae
comsecative byeloes;
the chacack=es |

CT

=

B, F, and ; zre
rhrentod A &
r2oimaAnt.,

AEZII  JABCS=LTF~= J5Lloweny the hjn.;lr_':r'
rrepresentatiaon of
iche charackees a,
15, C, B, E, and
:F ln mix
joonsecuTive oytes;
inct recommesde;d
IErachles,

An edual  sigr i treated 54 En
assignment operatar  when ik Aapossrs op
bhe first characier in the ASCII scrimg,
aa Illuastrated by the followine exempes:

JAEOTT mNEES iThe direcs
;easignmenz
joperation

LARCIT=0EF 1=

aerformed, and a

IsYnLaL errar (0

F1E TEnRREELed upan

Fencodnblet ing thu

jBecond = 5ign.

i
'
]

5.3.% L.ASCIZ Dlrective
Farmat:

AECIT Uetring LSoeassbring ns

whera: atrima 12 & string of wrintabisa 80T charachorp:s,
vertical-tab, nall, lire-fzod, BUZONT,
nap-frintable AS0LI charscSers, excspk Sworiago-caturn
and  Eorm—focod, Q0038 an 2rooc coos 400

JRETTIT sStringg. The Carziggo-rotarg

charactrrs  are flagned with 2n ecror code
Ehey end the scan of the lire, arcvencinog

tram detecting ke catohisg Aslimicar,

ASCIZ

NEEG:

Y

T
Arel all ather

in &n
Cotm— Fescsd

becgoga
MALCR=" 1]
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! ) represent delimiting charecters. These deliniters zaoy
be any paiced printing characters, other than the
equal aige (=21, ths 1zFt angle bracket (<), or thn
wamicolah 423 (E2e Nate in Saction 6.3.43, A long as
the delimiting cieracter iz not comtained within  the
rext string  itmalf, TL the deiimiking chorzcters do
het mebell o if an iliegel deiimibLing character s
usmed, Ehe _ABIIZ Sitowrive i5 Tlagged wilh an ecror
code (A} 1n the assembly 1isring,

The LA80fF8 Slrpckive ig similar %o bhe (aEQTI directive daezcribed
abave, e¥oeEs Ehnt & #eto byle is sutomaticaliv lnnertedd as the £ipal
cretacter of che string. Thous, wh2t a list or cext &hrimg has been
srested wikn an JASCIZ direckive, a agarch for the nold charscter in
rbe last byte oan =7fectively determine the =nc of  the etring, a5
refiected oy the ooding kalnw:

TR=1T
EF=L3E
HELLO:

TEN
My HTLLAL,R] ;e s addrens af nesRage,
MO l_Iy:LF,HE 1Get address ol outoar balfer.
R MOWE TR+, TRET+ jMowve n bwte to outpor balber.
DME 125 sTE =mew pall, move another bytoe.

A.%.A LJAADS® Directive -RADS0

Format:

LEADTE Smtrinn LS. fshring ond

Wwhiepra:  &tsing  repreasnts o ser.on af Characks=cs Lo be  patked. Th=
sering  wmuest consistc of the charsnorecs A Lhrough &, D
threugh %, dallar sige (), pericc {.) ond snace [ ).
A illegal printing cherscher cadses an ereor :'lags Lo
o ke printed In the assesbly listlng,

L

1# fewer "han chres charocters scs to be  packod, Ghe
strimy 1o packed telt-Justifiszd withis che ward, and
ttalilny Bmaces are gEmuad,

LADDIZE  CCRALPR/MACRL-11 VEL.ERATORLFR  cInbroductory masmagr




GENERAL BBSEMPLER DIRELCTIVES

AT WILD the (AGBCIT diroctiva (described  in feszion
Aedodd, toe verwical-tah, null, line-fe=d, RUBOUT, and
all atrer hur—printing characears, EHCGET
cArTiage-tesorn and form-Leed, cause an erpor ocde 1I1
if uzed ip & LEALSHA sString. The oarriage-reforn and
Ecem-fewd  characiers result  in an errar  code iR
becxuse theas elacacters ond the s2cun of the Lire,
preventing MacRO-_1 from detkecting thz mabchirg
deliniLer,

£ s represent delimlbbng charsotars. Thewse delimitere may
Le any pairad printing characters, ochze =har Lhe
eQquai aign (=), the lel: angle aracket (o} ar  =he
semicolon [;)1 [see WMate in Segtlen £,3 provided
that khe dnlimiting cheracter iz nul wnnks G within
Lhe roxt string lk2el®,  1F the delimlklne characters
#2 nat maktch ar 17 anm illeqsl delimlting charsctier Lo
veed, the (RALSA directive iz fiagced with an wvrror
code (Al 1o the assombly lisking,
The BRDST directive alliows the user +o generste  da!
Facked fermat. Fadix-3A Farm allaws three chesact
into sixtesn Rits [acc word); therefor=, awy A-ucharasg
be stared 1n two conscoutive words. Rwacsples of o RADE)
shawn belew:

in Hadiz-%A
£ bta br pAacked
T  symiool  o=n
dAireclkivas are

Lol

LRADRE FALOS iPacks ABC inka ume word.
LRAEORE ARSS fPacks BB (SPRCEY intoe ane word,
SRADESN S SRBCTY jFavks AT into Elrad word zpnd
i {SPALGE) (SPRIRY Into  bcoond  word,
 TADSA SARTLERS tBPecka RRG inte Eirsc word, TEF into
rdmongne? woed,
Each character Ls kranslatec dntu lts #adix-50 equivalenc, ns
inicsted in the followlng table:
Characlber Hadiw-b Zrrcal Tgulvalort
(spaoe) ]
B-f 1-32
4 il
. %4
iundefined) as
B -5 IG-47

The Radix-58 equivalents Ffor sharsaetera 1 Lhroogh 3 [CL,0£2,03  arc
cembined 22 Eallows:

Fadiv—5F Walug = {{CLASAY+0I *SA402
For example:
Radiu-I8 valoan of AEC ~ ((1*50)+2 FRA+3 = J227710)

Reler fo Appendix 3.2 ior a {azle of Epdix-20 egquivalenss,

A ————— N N S L ORI, i mem s - o . ———— o o —— Y TR - o m— L
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Argle bBreckets (23t muzsb be used in the LCRADSE directive whenever
special cades ars to be inserted in the text sbtring, #s% Shown in the
erample below:

fRALDSN SABSCLESD jBtares 255 1n ane ward,

CHRI =1
CHEZ=Z
CHRI=3

LBHADSD STHR1FCCHRZFCCHRIAX pEquivalent ka RADSE FRBOS.

£,3,7 Temporary Radix-SE Control dperator

Farmat:
*Roon

where: oo represents A maximus of =hree charadters te be
conyertrd  fc A le-bifr Radix-50 walue, If mar= than
three charactere are specified, any following the
third characker are lgnored. IS Fewsr than threes are
gpecificd, it §is assumed that the traillng charasters
age blanke.

The "R specebor specificz that at  argument (5 to ke corverted Lo
Radiz-58 fcormalk, Tris Bllewe L to Ehree charpacters to be steced 1w
ore wotd, The Follnwing exanple shaws haw the "B operator might be
used ko pack o 2-choracter file type apecifier [(MAD) into o single
16-bit ward,

®JY §TPMAC,FILEET Fatore RADSS MAC z2a fFlle extonsion

The number sign (A) 15 csed to lrdlcate ipmediate &ata  (data Lo be
aszembl & FIreciiy into objeck ecade], B spercifies that the
Charactors MAD are ko be canversted orn Zadix-sd. Thie waliue in rherq
stoered in locatlipn FILEAT.

.PACKED

Ro3.F LJPACEEDL Directive

Farmat:
L PARCEED ﬂECimal—stiiﬁglrﬁymbc]]

Where: doeimal-striog represa2nts a 2 decimal munbsr from B Lo
FlilR} digiks long. Eoch digit must e in
gine renge B Eo 9, The number wmay have =
sign, Fkut it L2 not teqoired anpd is not
Counked as m digit.,

symbel 1z asalyned & walwe equivalent 1o the
Aumber of decinal diglts In the string.

Gadl
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GEMERAL ASSEMBEELER DIRECTIVESD

The ,BECKED directlve generates packed  deninsl data, 2 flghits  per
bete. Brikh#ckic and aoperaticnal properties pf packed declmels Ao
gimilar o those of numeric atringe. Below iz am edamgle of  the
PACKED dicective.

LEMCEED L2 PACK ;PACE rgels valys of 32
LCACKEED FERG SHA iw packed

H
LFRCERED A 8 in paokad
EPROCKED —A, 51U s5IM giet= wolus of L
.PEOKED L23AER 1I11leqal wacked decdiwal menbearp

86 wilZ b= trealec as a2 variable
iend given a walue of 4

2.4 RADIX AND NUMERLC COMTROL FACILITIES

0,4, Radix Zentrol and Unary Contreol Dpecators

Ay meameric or o espreszslon walue In @ MACRO-11 2ourde Dtuoygram s goad
as i ol wialier L fdotfanlit, r_':u:.':.'u:-'inrl-:-l'l'l_r',. DOWBRYDT, on altarpsce
TaGix would be usefpl. By uzsing the MACRD-11 facilliles desorined
belaw, & proyradmer mey ded’Are a radly Lo 2fFeck & kaern or gf erkire
gragram coprnecing an his sweadn,

HITE

When Lwe Oor more unacy opErabkors apoesr
Laguether el i Fying the sAaws ferm, tH4a
operalors are apflied Lo BEhe  kerr Erom
I:'E-'Jln: gy Jwufe

3.4.1.1 L.RADIX Directive 'HADI:
Format:
CEARDIN N
wWhayr: n repreasents one of the tiwee rafdioss. 2, B =pd 1A,
Any  welue othsr then null ar ame of  tha nres
proeptabla radices will osuss an evrot coo:z (M) Lh Lhe

appnembly Listing, 1f the arqument n iz nol apeclBied,
che ackal default radalx 1s mssomed, Tho argument-  (n)
s aiways reac &2sx a docimal ga’on,

Mymbers umed in A MAZRC-11 scurce program are Inlklally vonsidersd <o
ke wotal waloea; however, with the JRADIX cJivestive woo fan Ceclage
alzernaze radloes applicalle thraugizont Ehe goures program cf wibhik
specific perctlone of bone wrogram.

e



GENERAL ASSEMELER RIRECTIVEER

Ahy altarnate reci=x deciarsd in the source progszam throwoh the PADIX
directive remaine in zffect uantll altered by tee geourrenve of ancther
Buol diractive, [or example:

HRADTY 10 iBnginz & Becticn of code hBaving a
rdocimal radiu,

- HADTX JReverty to ootal radix,

Io general, weorn definiticns should not conta’n or rely an raclx
aettias esrablished wiik wbe LRALLX Sirevtive. HRather, Lerparery
ratix montrol apetitors ehoold he wsed within a  @asra celinfzion.
¥nere a posaible sadix cenflios exists within 2 macra definitian or
guuras aregram, it is cecommended thabt bhe uaer specify nomeriec or
BXpression vk vsinrg The  tanperary radix conkrs]l  opecatora
Aezcringd wolow,

f.4.7.2 Tamparary Radix Cantrol Operatarcs
Farmals:

"TMnurher® (Tromber" Lz ewvalnsked oz o decimal TiuE ey |
“rihnuwber® ("rumber" is pvaloated as sn actal number)

"R'mmherY ("cunber® la evalaated auoa hinary npumber)

Those three unary cperatocrs allow the user ko eztabllish  an  sitsrnste
tadix  for 2 gingle  term, An albersate is uwzaful because after vou
ayp gnegified 2 radix fw? 4 sectlap of rede oF have declded e use
Lhe defauit oobtal radls, yaw moy discover a oumbetr of csses where an
#ltarpate redin is nets cvonvenicnt ar éssirable  (patbiculerly withip
macta delinlelicns), Creating o mask waed rused fo chnok bit atatwsl,
for caxomple, might besl be eccompl ished throogh the wee of o binary
radix.

Thug &1 wlcernant radix can  be declzeed tewoosarily to meet =
icooliged  reguirement in the g@aurce  program.  The temboraty rédix
contrel cperalet mey be used any  Time regardless afF  the radix  in
pifect or other rtadix declaratione within trhe progrem. Gecause the
apegfator affecls only the term immediately Lollewirg it, iz mey be
uirad  anywiere 8 aumeric walusn i leasl. The berm for exoressicn)
azsaciated with the temporaey racis cankrol seerateor will be etalicsbed
daring assenbly asi a 16-Lit entitw.

Tha exprezsivns below z2oe reprezentakbive oF the mokhods of gpecifying
Lenocrary rodix cenirul aserazurs:

-

n12z Cecimal Radix
04T ootan Hecolx
“H A@AOI1R: Dimavy Radix
"OERALEN ebkal Rapix

Thz up-arrow and Lhe radiyg ocontroel cperatoer may not be saperaled, Dbut
Tha takiw contrel operator #nd tha fallewlng bera orv expressich cer Le
EEParetad By spaces or Labs Lor legihil ity or formatiing porposes, A
multi-elernent  Lern of ezptesslon that = fa be Interproted ic an
alrecrtabe rodix should be enmclozed within anglz brackets, as zhown  in
the lesk nf the four temporary radis control expressliurs abova,

by
L
L
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The follewing exsnple alse 2llustrakces che ose of a*gle Lbrackeks co

Gdalimlt an sspreéssiot thet 1x ko ba ipkeraraied In &an albkachisbe padbs, .

When aslng Ehe bemparazy fadixs conbkranl aperstar aply bnameclac welues
gre affroted, Any nymkats nged with the aperatcr wiil be 2voluated
with respecl ic Lhe radilx iw eliect 2b Lhelr descleracico,

LARDTY 14
A=l
SHORD TnDa+lastoa

When the tempars:y radlx expresslon in the WORD directive abewe 1is
evalustxd, Iz wlelds the Eollowing equivalenl sialzmerls

SwORD 188

MACRNS-11 #lss zllows a tesmoorkary radix change o decimsl by epecitying
a numker, Impediataly follewed oy & Jdeclmal polnl (., B2 shown below:

12n. Equivalent to 1247212
Ti7R. Reilwalent Lo 251808
12E. Equiivalens to 2ALIAT

Tre abowvs edpresdion Lorndy are pauigalent in funstion te:

T lER
TD1EYA
"o123

B.oA.L Mumerie Dirvectiwvea and Unary Contyol Sperators

Two abkotage direcsives and kwe panerle coalrol apearsators ore available
e sinplify  the  ase of Lhe Llevabling-poeint harcéwsrs on the Prp-1l.
These facilirlies allow floabing-poink dala Lz he oreaksad in the
RrcarsEm, 2nd numeric walnss ko e camploamentod  or Lreslwedl as
Cloatlvg—prlnt nuokhees,

A floatding-pelirl rmember fs peprezanted by a shrirg of dacimal cGiglts,
“he #string (wrhich nan be g singls: digft in STength) may soncnin an
apkinnal decimal palab z20d may e followed by o optionsl  ExpoReEnt
Irgicakoy Ia Lhe  form af che letter £ and & signed Jdecimal integer

E¥pancnk, e numbigr mEzy eon conkaio vaboedded blanks, Labs  OkE angie
braczara and may not ke #n ryprozsinn, Gneh a4 Shroing wl_ ol recill in
GRAE of Tinra erfars (A Bidfor 01 In the assembiv Listing.
The list of mumerige repressncatizsns  below cantains sewssn digtingt,
winild represenbatlons ol khe ssme floatinge-point numbars

E

3.

I.d

1.BEY

iERQ

. 3EL

FAEE-?
ME can e inferres, thRe 1ist could bo cxconded inﬁnfinjrﬁly [ZdHEE=3,
LPATE . and 8o ok} . B lesdiny plus 2iqgn is optionnl (3.8 is eansidered
Lo be +3.51. A [esdlog wmines ginn rommlaments the sige bit. MNa cther
oparatars are allowad {far azarple, S04 L2 L;Lugal}-

e i e co——————— —— S————— g —— i —— S S S— — 1 S——————— . S——— S J——— e S i — . A &



GEMERAL ASREMBLER DIRECTIVES

e 21t floating-peint nmbers are evaloated as &4 kits In the Tollawing
o formac: :
&5 o) Th UL @
=] EZXEERFEE MAM, ., MM
Manizlsus N obits)
Exmancnt % hikca)
Slgn 11 biks
MECRTD=11 rebnres & vaive n® ke apprukr#bke Sise and proeision via one
of tne floating-print directives. The walues returned may be
Erancated or tounded Jsee Sectlion a.2.1).
Fleating-point nunbers are necmally  roundec. Toal 13,' wirzh . &
floating-peint numbery exceads bthe limdks af Ehe field ih which I+ Ls
tey b dlubed, bhe ]':lgh—-::-'rd!'.r it alf khe onreteined word i adaesd Fa
the low-pedor B3t of the cetained wored, 23 shown below. For examole,
. 17 tha nuamber is ko be stored in a Z2-word field, buat more than 12 blszs
Fon are nezded Lo eXpress  ILE eXaot walue, -the highest vlt (33} of the
pirretsined Llele 1y added ke the “eask algnifleocant kic (4] of  the
reeaiasd field (s2e illustraticn below]. The LEMARL FPT directive s
waed to enshle [losting-point truncatiorg SLDEARL FPT ls csemd o
refutrsn bo EloeEklig-pgoick roundiecg [(soe Tafle 6-37.
Bik Bit Bit ik
32 32 i
S —— G . e y
Betainegd Onrcetained
ey rfi=1l4 fi=ld
S )
AlL numerlc operends azzecciated with Fleatiog Poinl Frocessar
lnstenetions are  gutematically ewaluabed ae elngle-word, dopimzl,
Eloating-polnk values uness 8 temporary radix  control cparatar is
apecllflied, Foe exempla, te add (floacing) The octal congtant AIALR ko
the contents of flcating accumulator Zete, the Lollowing inscpockion
avet be wsad:
HACE o §7°N41847 ,Fp
o, whern: KR 1s sssumed Le represent Floating acopmuelacor zero.
H 1 .
’ Floating-point pumbers are dascribed in greater detall in Ehe
Aappl icable PUE-I11 Trocegacr dandback.
f.4.2.1 Floating-Polnt Storage Directives FLT4
Furmaks:
JPLT2 OCTr,avg2, ...
. FLTA argl,arg?,...
S

-t
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wheray  4rql frg2, .., represent one  or moTE floatipg—uning
fufbers: Az desoribed  in Zeolien 504,72,
“iltinle arquouenza musk Le separated by
Cones,

FLTI czuges two words of sterage Lo be genersked for cach argmment,
while LFLTd gereralss four words of storage for each argumenk.  As ie
the wWoORD direcklve, che arguamenpts are ovaluated and the results are
stored In Lbs= uhjamt EdGele.,.

-

(LN TeERpDCrary W rie Cantral opecators: 2 and F - Ths T
unary operacor zllews ypou to specify oan argum=nl. bhak i ke b
aomplsmented ns it 1s swaluated durng aessambly. Ty Fooanary
cparatar aliows wou ko speciiv an erguiens  kEhat s 03 l-ward
fleating—-polabt sumbee

A% with che radix centrtel operstors descriked alove, +the pmeric
cakbral  opecatocr £7¢) ran be wused anywhere in the sourse program et
an ocrpressicn value is legal. Zuch o constructlon iz evaloated oy
MERT11 m= a 16-aix blhety va_ue before bBoing comolamanted. ot
examplée, the Following stazemant:

ThGE: +WET oo
causes Ehz 1'"s compioment 2f the swaluae 251 doctall o be sktored =23 A

le-kit walus in the pregran. The resulting walue axpressed in octel
farm 1= I77RZA(E),

Bacruse the "0 renstruction is a wmary operaiot, the aperator and its
srgument are regarcded L8 a8 Lern. ThuH, more bhan one URACY nasCatcr
mavy be &applied ko & alhkle t=rm, Far exmnple, Kha ol lowing
moanstruckion;

TITDER
cauzes khe decipal walue 25 to be complemented during assembly. The

reselzipg hkinary walwve, when expressed Iin eoral focm, tedeoes bo
177546 tactall,

The tersn erpated bhrowgh the wse of the temmorary nuseris coarcral
cperator can ke weed alone ar b eombineElnn with athor cxpressian
elemenss, For oxempioe, tie Follaowing danstenotion:

AR
1n equivaient in funetisn ka:
STCZr A

Thiz expresclon 15 evalustsd during assembly az a 1%z complemant of 2,
plue . the abeolaze walaue ci f. When Lhese Eecxs are oonmbined, the
resalting rerpression value ganarates a  Sarry  Deyond Laoe mast
SlgnIficant hit, leaving P2PAE2{2; azm the reduced vaiue.

&5 shown above, when Lhe bemporacy meieric ocnnteol opeTaLal  ahd  EPLs
ergumant  are coded &3 & 0 term wilithin an eruresslon, apgle brackets
shauld be wzsed a2 dellmlters ko enserg arepize  evaluatian ane
teacabliiby.

el s il e B R b B o e S I B e B e e ey e G N AU ey SES ey S e E oves an e e mmm



")

P

GENERAL BLSEEMBLER DIREDTIVEER

“F, B2 =kated aheve, is 4 ovnury nperestor for pomeoric control o which
allows woaw  to . apecify  op argumnenl that iz a l-word Floaklng—palnk
nomber, ¥o:o oexample, the follawing statements :

Bt miv  §7F1.T7,EA

areates a l-ward Flesklbkg—point numbor st locstion B4E contzining  the
valie 1.7 formotzed as showh belew,

BIT 1% 11 7 Fi W
= REZRELRELR . g Bt ol Ly
Slgnm (1 hit) Eupcnerntk (& bits) Mant!ssa (T hiksa)

Tha irpartance of crdering with eespect to uh&ey OGDeIrators s shown
Faee 3t

"F1.R = QG4AWEIHEG
"Fal.F = TLAZAT
-*Fl.@ = -“ATEEN
-"EF-1.9 = H3iT4¢d

The waloe creaied by the “F unsry opetabor and ity aFQGynﬂz__is, _llhe
“0 ard Ltz argument, & teem  thnat oan be oued Dy LLeell oT 1n Ao
expresslan, Foar example

feTEeLz
lg egulvalent To:

TCLTTR.AY

Axain, the use of angle brackots Qs advised. Expressions ased  &xs
rerns or arguzmenks afl 2 unary opscator fausl be explicitly grouped.

F.5 LOCATICHN COUKTER CONTROL DIRECTIVEE

The Girsctives used in tontzeliing the vaiue of the ocurrent Jlocatizn
courter and In  reserving storage  spacs  ln the ebject prooram are
described in the followirg sections. :

Saveral MALRD-11 sratasments {(lieted beliow] moy c#use ar odd number of
bvtes bto be allecatsd:

T. 0 WJBYTE direcEive

2. +BLEBR direactive

1, LASOTT ar JABCIE directiwe
4. .0D2 cirective

L. L(PACERD dfireclive

h. A direct assigomzmnt 2tatement of the form .= +axproesdion,
whtlech regelrs in the ssszigoment of 50 odd adérees waloar,
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in cazes khat yleid sn odd addrazs value, the nexs

vord-ooundéaried

iestractice  austomstically forces the location Lnynkbter kLo oan even
velus, but that [natruetion is Flagjes with ar errer code !8) in “he

auseminly liscipg.

fu501 CEVER Directive
Format:

EVEHM

.EVEN

Thi JEVEW cilreative ensures |hask the cacrrent Iecation ceunter coktbtalins

an even wilue by adding 1 if the cusrent waluoe 1z ndd,
doation Counter is glready swen, oo octfonr 1o taken.

It the furrent
Amy  operandz

Following an FEVEH directive are Flagged with an arror code (2] irn the

Assembly liasting.
The JEWEN directive 1% ugsad as follpws:

SASCYE Arhis iz & tneel

- EYEN ;EOBUY2E that the next scatemant will
rbegin an a ward bacndary.

-W2RTy  KY3E

A 02 L0800 iractive
Furaat:

« (TS

.0DD

The .0DD éirective ensyurgs toak the corrant loration counter coptoins

an odd walue by adding 1 1f tae cuorcest walue ig eyan,
lagaticn countor is aiready odd, no acilun £ rFaken.

If the cuarrcar
Eny operancs

foZlowing an 00D dlrestive are alae Flagged with an nrror ocode Y in

the assomaly listing,

8.,5.3 L.BLEKB and _HLEW Directivez
Formatos

<BLKA EXE
«BLEG EN

N M Sm——————— e mm—— T L s o e e S— S — ——— T L o T e m— e ————_n
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wh=re: ezp represents the specitied number of bybtes or words to be
reaerved in the ohiect proocam.  Aany oxpreszlon that ls
defined at essemlily flme and that redeces koo oan
abgelute  walue iz legal. If the sxareswlon apecified
in aeither of chese directives 18 Rl ar abpalare wabire,
khe steteren= 1s Flagoed with an errar code [A} in thoe
assembly Llisting, Furchermare, 3Ji{ the  cxpressino:
canlalne a forwsrd refFerenpce (8 relference to a symbnld
that 1z not previovsly drfimed], MACEI-11 Jensratss
incerrect chiack  flle code and may cause sbataments
Ealluwling Lae BLEE/ .GLEW ditputive o be flagged with
phase (P} errors. These directives should not be wsed
wlkhnalk arquaents. Rowever, if po argument s prezene,
m Aafanlt walue at 1 12 zgsuned.

The .GLE3 directive reservan byle Liocks in the akject module: the
BLEY direstive reserves word blocks. Fldure §-f 1lIlustrates the use
nf tho JRL¥XR amc _RBLEW directives.

; :+I]Julipatl e of BLHEE amnd BELEW dSirectiven
E o1 L - JFEECT  IHFURE. D GIFL: KW

: [ele 2 Fafal e} EnEﬁTi v ILEW i . IChuructy =dullkd

: Leled il bed MEESAdE BLED Bh- iFpEcaas tdak buffer
1; =11 . CHREBUI .ELKH . iEsved charmoter

i% e]uTil B FLAGT «ELWE iFied bwte

a4 OQ¢1a4% HESPTRT LBLK4 lfepunds -burffar Foliter

Figyre #-4% Exanpte ofF _BLED zrd .PLEW Directives

The SLES directive in a snerce program has the same sEfers as  whe
fellowing statemnnt.:

S LHAEpEressian

which causes Lhe Jalue of the expressiazn to ke addsd o the cacrenk
valoe af the Incazich: counter. Toe LBLEE dirsctive, nowasver, 15
casigF te interpret im che ©ontexk &t the -source eoode Lo whichHh ic
appezye and Ie therefore cooopmanded, :

Gu.bhod JLIMIT Dicoctivwe .Liﬂﬂfr

FoImat:

LLIMIT
Ton knaw the uppet apd lowey sidvese boundarios of the image 1s cfeen
desirable. when the JLiMIT difective 15 speciiled in the source
program, MACRO-11 ygeneratee tha foliowing Instrection:

. SLEW 2
causing two stutage wordse to be resecved in the chjeck madule, Later,

ar link Elne, ithe lowest sddress in Ehe lasd image (the ipitial walue

E-30
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L AF) = dnzeroed inte the Firsc reserved ward, and  the sdirsss  of
the fLirac Free word following the image 12 icserted ints bhe seccnd
CRseryas woard.

Lurine linklng, the size afb LB irage is rowmled upward to =he nesroot
Zewnrd bouanrfdsew.

.END

.6 TERMTRATING DIRECTIVE: EHE DIRECTIVE

Formals
ZWEED [exp]
whers: orp fepresonts  an opbionzl oxpeession wvalue whigh, i

prasent,  indlcates  the oroararn--enkey orint, which iz
the traneler adhiress where Lo Brograr beging,

dhoer MATRO-TL spoounters 4 valid necurresae of the | EMT directive, Ik
tarrinakces  The oorrent Aassamiily pass, Any Lext boyend thizs poink In
Lae currant Scedrce fite, or 7n additlonal sngroe Files  fdentified in

=1
The coemmand llse, will ha ignorea.

When cresting an Imsge conglat’ng of savers) chieck radulez, anly  nrne
ohject wedole may be kerminstnd with an JEND exp s-atenent (whepo CEp
i2 Lhe starting addresny, 531 other shiecr moculos Tusb be Lerminated
=itn an  LENR stskement (where _END has no argument] othierwlse, an
rrof megeage will o iszued 3t link time. =F no sLlarting eddreass  is
fipeaified  1n apy of the oblect mednies, icoge sxecutice will begin aL
iocaiinrn L oof the dmege  snd  immecdiately  fawit  beocavse ol ar odd
onddressing 2 tor,

Thr LERL 2Latement sust not be ased witzhin a8 macro cxpansion ar &
cofdlbianal  agsexaly blacsxg T it i 30 used, 1t Is flagged with an
errnr oode (0) in Ehe asse-oly 1istiag. The EZMD stetement may b
used, however, i on Immedisle conditional sLabement [Seus Sontion
TR I

tl rhe source program input 13 nel tecminpated with an . EHE diregtive,
art erroer code [F] oresuits iv the asgenkly Listina.

.7 PROGREM SECTIONTNG DIRECTIVEE
The MACRO- 11 progrer scchiening direchives are used roa  declsce namea

far  progran  seckinrs  {p-zectisns!  and to establish cortpin PECGE am
FeECblon sErributes egzentisal ta Iinking.

F=dif
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F

#,7.1 .pIECT

Format:

« PEEC

Wwhere:

name

arcl ,
EY L |- I
argn

BHrective

GEMEQAL ASSEMRLER DIRECTIVES

PSECT

name Ayl ,arad, ... argn

repregents  rhe  gymoolic name  of  the By cey ¥ am
zaztion, a% describesd inm Talkle B-%.

represents any l1enal saperator (gomma, tabk snddor
SpaaE] .

represent one of moere of  the legal syrballs
AR LmE T dafined Tt uEe wikh the .PIECT
dirsntive, as deseribed ln Table &-z2. The slssh
gapsrating =ech pair of syabolic argonents ilated
in the tabhle irdicates that one er the other, but
et heth, Tay be specifieda. Multigle sedquments
mustT b ceparatad oy & legal separating charactor.
mrny  syroelic argument  specifimd LR che PEECT
glrective ntkey Lhan those 1lmted in Table 6-4
will ceuse that s=esatunant to be fragged with an
preat code (A) in the asseshiy listing.

Tabla kB-£

symbollec Arguments of (PEECT DRirective

hrgument

- o na o

Cefoult : Meaning

HAME

RO/ RW

Rlanx

LAb)

s T

terabllshes the fAcoygram section nane, which is
gpreoifind  a&  one to six Radlw-:23 characters.
1f knte argument if omitted, & Comma  mast
sppoar  Ln plase of the nome parsmeter.  The
Tadix-5A characker set 18 lisred in Appendix
£.2.

Befines which type af aceess is pernlcted =0
the program sactian:

RO=Read-0nly ACCoSS
FR=Read/Write Accpad
WOTE

Asd—11M and RT-1: use aaly Bead wWrits
A sa

fooniinued on Next padge

fi-41
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Fakle R-4 (fant.]
Efeielic Arumments of LPEECT Nireot lue

Argiiment

i

CHLALAL

—_— - [ - —_—

Ne:fault Maaning

L |

i=Inzkreeticns, If & p-ssction

- —

Cefinng the carkznts af rhe Eragram a=chion:

Eas Lhe I

artrisuie  &nd  the peagram is awverlain, all

Calls fto ki pegnckice arec

tefcrenced

raraugh A body oF overley code senred in the

ITGo

If & wooncatoerated peseolion  kae e I
sttyiboke,  cade 15 ooncarennted Ui 8ven

Ovhezm,

T=lara. TF A pe-geckion nas rhe O
211
dirrctly,

If & woonestersrad  p-sonticy
artrisule, oode 1o concalenataed
Pyne regsrdless of whether zhe kb
aroetan,

LCL Delimes the zcopr of Lhe progream
ik will be irterpreced ac 1lnk tim

FoE
The GRLALIL ardumenls apply anl
Tase af caer laye; in
glrglevgegment nonaworlaid prag
THELSLCL Argumenss have the

besause tha toidl mepdIcky &llacas
the tEsgram will gr irbe
seamenl uf the image,

Lil=local, If an ocodect maodels
loceal  pregras zeotins,  ther
allazatizsn for that module will
Che  swxgmenr containing  the m

abcrinoute,

l: wo=7ig to  the p-sentian are referenapd

o5 Lhe 5]
ot rhe newk
¥Eee  is odd

section, a3
¥

¥ I The
paliding
rsnaE, Lhe
meaning,
Linn far
the rtaaot

contalna  a
the storage
remopin in
cinle,  Many

madules pan sarnkrthuite fallooste fniamar vl o

Liie Eame  program socblong
allnaatlon for each centribyting
mither econeatznaked or gweriszi
S2gTEnT, deuendlng cn Ehe
Areument of the wroaram gecelian
Balow! .

the  memary
modizls 1s
 within ehg
gllamation
(8ee CLOHOVH

e e . o o % ) % g e s 18 e st

- —_—

frentinues o

n nexi'pngeﬁ
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Table 6-4 [Cont.) ]
Symoolic Arguments of (FSTOT Tirective

——

AT LD =

k

R " sl e T T BT T

Lelfault Meanting

BEE/NEL

GOL=Giobal, If a g9lobal prescramn section im
ased in mare tham one segmearl al a BrodgEan
all references T the prsnuklan Bre
zollaecked  fReorose  segnment boondariez.  The
program secktiops  are  then Stored  In the
seament (of those eriginally wontaining knw
mn-gectlans) that is nearseet che root.

MZTE

BT-11 stoyes che colilected pe-seotions in
kEhe [aol.

REL NaElmee the telocatapiliry attriboks of khe
nrruran Seckloen:

abeE=posclubs [nan-reiocktable] . The AHE
argumant  Tfacsed  the lipker or fask billder
to trmat fhe  p-sectlon 22 En #bkaslute
madule; thareforn, Fie relocation is
tegoired. The program secc®sn ia aseembled
cnd Inaded,  stsrbipg at  absolote wirtoal
pddroans 8,

The Laocotion of Jate Ir  a@@olake  pragram
sesiiohs muar £zl within the wirtwual meroegy
Pwivs of the segment sontaicning the pEagram
gRebiaong nthetwlse it BrEoy regnlse at
Tink time. Far srapaln, chie Folilowlng foda,
alirhaizgh walid darling ooasembly, oy gepefabe
an orroe message [R) 11 sirzual locatbian
L@ENPRE T ouwbsides  the smegoentls= virlLaal
pddress .cpave:

LPEECT ALEHE BES
cE o AARALE
« LD A

RRL-Rel_acataklse.. Tke BEL argumsnt Ccausss  Lhe
Iinker ar task ruilder o0 treab  the
p-secklon a8 & relogatable module «nd @
relaratisn bkiss is  added fa al] lercatinn
raferencey withln Ene grodram Bsobles maxlng
the referances obsciutao,

L L TR

rveroentinuzd on nexk pogng




GEMERAL ASSEMBLER DIRECTIVES

Table G-4 fCont,}
symbcllc Arguments of JPSECT Dilesctive -
Rrcilmane Tefaulk Meaning
TOM ST Sl T:finea the allorcation reaufremente wk  Fhe

Progran seckion:
T

CoN=Concabeanaksd, All referenoesz Lo IR
FroaTan section BT concatenated to
deleiming the twtal mamory soacn needad  for
Ehe prsegtien.

VR=JverZald, A1l enferences ko ane  program
seclhian are oSwerizid; Lhe EkEptzl memory
Epare reeded aqualing tha larges=tL,
1ndivwiang p-s=ctlan,

AV AHODAY  HOSAW Deggrraines whers the liznkar eallocates  storage -
Lo fhe prograz seckiaon:

SavefRzve,  Thoe linker 12 Foroed to always
nllscabte Lkhe progeam 2ec-len o the raat af
bhe lmego,

-

NOGMY=ha Save. Tre  linker alinocates the
Frosfrarc secking noarmolly,
The ooly argument in kR PEEIT Sirective ther  is pe2itlan—dapendent e
I NRME, FF it i5 omitfed, A~ Zomma must be used In its place.  Par

oEample, ke directive:
LFPRETCT ,GRL

showa A (PHELT directive with a blark nrens  argument and  rhe GBL
arojusant, Defauly  waiunes  (see Table €-4) are aszumed for 4237 obher
vnspecifiar arguments.

The PCECT diveckive may be vsed w.theub o name ar  argumentz  [soa
Feoldonm A,7.1.10. T

"he JPEETT ddrectivo. allows & wger ko rcrante  prodran gectiono (=2
Arorisn £.7,.1.1) and ke ghare cede and data smong the seckinns he asa
created {see Sectice £.7,1.7%. lan declaring the program  aections
falae  called pesectlonsz), wan may declare the gttribuces of oo
Fesections, This zllows wou 20 Conkrol nematy allocation and 2k Ehe
Fame tlme lncresses progran codalarilty, (Far & discuusicrs af mem e £y
2tlocation, vefor to the applicable sysben manszl - see Section AL ie
thae Prelama,}

MATRI-1T prawides for 25616 program secbicomsE, 2u listed below:
1. foe dafaelt abgolers program dectio= {, AES.)

Z.  Une defanir relocatable progeam s=clion {. BLE,]*

* In RT-i1 Lhils @roaram seckiarn fa wansmed,

<=4

gy R R W A L L . Nl — 8 G AL SR L P A G 8 N LN B e e s e SR LTI e T G e e B IR i B R I R IR o R e s 5. o 5 1o roeem Sm— 8 S S " i o oA e e 3
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1. Two—lssdred-tfifeyofour named program Sectimng,

Pot eaeh program section spectfled ocr implied, MACRO-11 maintaims  he
following lafor=aiian: T

1. Program socklan name
2. ©Centepke of the current lscsbiock counter
% Maximum laoceatlean counter walue spcsanbtered

4. Program secklon atiribvtes (descoibed in Table £-4 wmbhobe),

G.7.i.1 Creating Pragtam sSections — The Flegt statement of @ wouTee
proarem is  Always an implied (PSECT dirvective; kuls ceuses HACRT-L]
to begin assembling scurce stetemehts  at  relacatable  =ero e the
unramed program sactlon,

The Firss ocoourronee of & BZECT disnctive wikh & given mome  ausmomas
rhat  Fhe curcent locetior  cewnker 15 s#t at ralocetaile zero. The
scope of thisz direchtive then metends onvil o 2 dirmetive Jdediaring o
d1fferent orogram gectian is specifled.  Sobseguent PRRCT direstives
cause asseably bte resump where che naped  secsicd  preévicesly ehdsd,
For nsample; :

salarcs Lbnpsed relocatsbie Foagream

FSECT 7 D
Al SR b senption aszemtled ~t relecakable
B JHORD & sacddreszes A Lhrough 5.
Cr LHARL &

JEPEEST  ALDHE iDeclarss relooatable program sectian
M LHORT n snaser] ALPHA assemilar an reliacatable
s JHIHET n saddrenses @ bhroagh 20

. PGECT ;Returﬁs tp wnnsmed reiscakabkle
Tus JWRERD L] rprogram section and continues assem-

rBly at relevatanle &édress 6,

& qiven prooran sectcioan may be deflned  watplelely apon grounter.ng
ite First LpaElT dlrectivae. Theresfher, the sadtion noan b refetanced
by apecifring ite name enly, or by complelely respecifyiog 1LS
ateribures, For oxemple, & peagram sechicn oan b deelared Encsegh
the direcrive:

L3 RLEES  ABLS OVE
and later reafnrgnaced through the egquivaient directive:

PGERCT ALPHA
whinh rnguirs=s no srgumsnts. IF esgqumenls are specitied, they mast 2=
identical to  &he ones previgosly Geclizted fer the p-s=zotlon, 7L LLe

arqumapnts differ, the arguments af the I[irst L.FEECDT will remain I
elfect, ané an =reat code (A) witl be generated as a warxing,
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By mailntaining separzte lacallor counbers for  esch  pregrom seckian,
MACHO-1L allows you ko welte stabtemencs  that are nat physicaily
geguent’al but that san be lesded seguentially followlng assembly, as
shown Tn the following cXAMple.

«PEEDCT BECL,R=L G0 t9tart a relocatabls program sealion

A sWORD A Fmamed FECZ assconbkled st relncarable

- WZRD R Faddreszes & through 5,

e LRaRD F

ET: CLR B huanemboe oode at rzlocababls
23.H, ful raddrezspy £ theaugh 21(a),
TR H . .
LPSECT HEEQR ARS (Atart an absolute Arograr Seccion

shamad ERCA . Asscinbiv oode as

SEORMD L42,0 seabeolute addrespez g thnrouogh 3,
«FEECT SRl ifegunne relocecable pregram sectian
LI ) PERLI . Assanble zode At ralacatahle
= er pafdraeses 2¥ through 27(A7.

Bli labels in an abaolyte Braogream seciicn are absolute; likewiguw, all
lmbels in & releaatchie gection zee raltocstable,. The currenk loocotien
Counter s¥apol (] is relocatasie o abusalure whrr  *efoeragnced  1n 4
relocatadnle or abgolata program gestion, respeckivaly.

Aoy lsbels appearing on a line sontaining 2 (PEEST  dar LATECT e
-CSECTY diprctive  are  aszioped the walee af ths curcemnt locatian
cnuntet before Che PHECT {or other) @irvctive bakes eftact. Thas, if
tha Lirat statemsnt of 2 program dle:

L ~FEECT AL7,EL

thr 1zbel & iz assimned to.relocabable atidreds  gera of the  unnamod
PECRAram secktlan,

Since it 12 pot  khown  daring aszem2ly  where reloratable  progras
gectiong  will be 1lsaded, 411 rafercanes .o relozatakble  progeam
sectlons ore assonbled =5 raferences  rvalst bve te 1ke base of the
referenced ssction,

In the followlng example, references to  Lis symhbuels ¥ and ¥ arm
krapalated inko refarences rrlstive  w=n the baze of the relacaksbie
program Sectien nemed SEM,

PEECT ENY  BEE

SELIATN
&y L R H ¥ jaszemblet as CLA Lasag of
' irelocatabile zeckion + 15:8),
JME ¥ ) Jhagembind oz THME base ol

rTe_acatable seceian + A8,
SPHEQT SFK,REL

ans A, R1

TP B phszembled ax JMP O 175AE.
¥y AATT
F JEORE 2



e

GEEFRAL ASSEMBLER DIRECTIVESH

HOTE

T the weeoceding  example, uzing a
venstent in coenjuhcelen wikh the carcant
loacatinn calibbary mymbel [0 in the [orm
«=1837 would resicle in oan error, becauge
cofzbents are always absolute  BEne arae
siwarys 2ssociated wich  the peagrem's

LANECT (. ABE.). Tf  zhe’ Laen .=1088
WEEE ased, a EFrogeam Beot st
ineompotibiiity would be deteched, Seg

Seckion 3.6 lor a dicuss’on af the
Curcehnt lacatiop sounter.

Thus, MATRD-11 provides the linkeco ur kask bullder with the necsssacy
informatice to rescluc the linkages bhetween warieoue program sechichns.
fiuch Iafarmeticn is pet necazaary, howaver, when  roferznclng  an
mbroista  projcam Revtdon, beeagse &30 fnstruntions in an absolube
program s2cticn ave asaecietsd with ap shsolukre wirtusl adrivess,

£.7.1.7 Code or Deate gEharing - Hened relocatable program  ss2tions
with the arguments GBL &nd GWVH operate in the Base Ranner ad FIATRAN
COMMOW, Ekhael is, orouram sectinons of the same noame with the arcoeenks
GRT. amd OWvR  from diffarent: sggemkliss  are all 1naded at the same
Jecatien aF link time. All other progran sectioes  (thosa with  the
dEcument QOHy are concakbenated. ’

hosingle synbol could name boshe an - jnternal symbol and a progrem
OOt IoNR. Tonsidetlng  FORTRAN agaln, wsing cthe sgme symbolic name is
nelesszry o accoamodste the Following =tatement..

COMHON S P T,T L E

where the symbol X represents the bese of the progtas sectisn and aise
theo fcurth element of khal sectian,

%.7.,1.7 Memury Allosation Consideratlon=s - The as2ewbler does not
gqenerale an  acrnr wheh & rocnle ends at an odd Ilpcasdon, Ty cmn,
thavefore, place odd length dats at tha end of a =edoie, i wp i ,

when sewversl modoles <Santzin object code contribietlaons ba the same
Pregram Section having- the cakcstenstr artribute {z2e2e Table /-4;
oOROVED [Tali] itergth mndules [axcept the last) may caUude sucepeding
medlles Lo ke 1linkod ﬂtﬂr;jng at add lgcatignsr Ehey ey mﬁhlng the
Tinked program unerecutasle. To aveld this problem, separate code and
data from each other and 9lace them in separately naged progrsm
gections  (see Tables &-4; I/0Y., “he Sinkar or task buidlder can then
btirgin wasnk proocram seccion on an even address, fiefer Lo  the
speplicabls  system manual for Lurther inlacmatien oo asmory allecatlan
of tasks (ses Dectice #.3 in the Prelace],
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ASECT

£.7.2 LJARECT eBnd QSECT Dlrectivas 'CSECT

Fnrmats:

- BERT
« DSROT
LCEECT symbael

where: sygbol r1epresents one or more of the acnuments 1ln Takle /-4,

IAS and REM-124 apsombly-languange pragrsme wsae the JPRECT ane  (RARDT
directives exelusively, besavss the JPREDT directivye provides all the
vapakilities of the (CBECT diregtlve defire: for  oLher ILPE-% 1
assenblers. MACEN—11 wlll accepk both (RREESE and 00T diractives,
Bur azmsemhles Rhem as shangh they woere  JDPSEST dirzstivea wish  the
Aefauls actributes liated in Table 5-5%. Compatitlliby awizts betwson
cther MACRO--1 prograss and the TASSR3X-11M Tesk Bolldrmrs, hecanse the
Taak Tullders alse krast che  ASED)T arnd (DEEST dipearives like PSECT
directivas wikk Lia fdedfanlt walpes ITiotned in Tasnloe -G,

. Takze =-¢
Prodgram Sxckeinn LDafaold Waloos

IrUﬁfnﬁat valus -

Aokribnbn - T e

L BEECT JOEECT dnamed) JUBEZOT funnamed;

mht.ﬂ;:; T . ARG, HASE T T'Fl-‘i.-::!_-,-*_"

ATCERS Rl Rl By
Ty pe 1 L I
Socope GBI GGL LZCL
Falogation ARR RRT. REL
alloeation YR VYR - el

* Th 2¥-]11 this piagram secticn has pe defaplb nam=.

Foete =hat thoe stotemeni:
SEECT O JIM

12 iéentiral to the statements:
SRREZOT O JIM,,GIL,OVR

hhcaEse the JCHECT delsull walues 53L and OVR are  azsuwed  For tha
nAm=s Srogram seaskinn,

o e W——— . — — . — — o — i TN Jo . 5 R R e R - R e . e S . R L e W s o o S L n . - o
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h.7.3 .SAVE Directive -SAVE

Puormat:
LARVE

EAVE Etores the current program sSechtion context on fhe  Yop fo the
ptodgram asctlen context stacd, wWhile leaving: Bhe cufrcent Lrogrsen
gacltion conceni ipn =ffect. If the stack is Eall when (SAVE i5 issged,
an erear (Rl andurs, The atacik can handle 16 L5AYEs., The program
saction context inoludes the walues sE Lae curreni: lacatisan covnker
and Lhe ma¥imum value aszigned ©o khe loszatisn esuntar in che 2urecont
prrogram sootion. .

SGee Figqure B-7 for anh example of SAVE.

&.7.4 LREETUORE Directiwve ‘HEETﬂHE

Farmat:

JTESTORE

The RLsSToEE dircotive rexricves che progeam sertian Euuﬁ e Eap af
th# progrem  2ecklen conbexs stack. 1f the scack is emnky whep
CRESTORE s imomnad, an errar (A) occurB.. Whem JRESTORE retrieves a
prosram socticn, it restorrs bho current lozaktian eounter o the walype
it hod when the program section was smaved,

See Fhygurwe F-7 for an edaople of (AERTORE.
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3 Macre B
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HACKD D%

« SAVE

WFIECT ERPURE:N«GERL
FAME ¥ +BLEN 9IYE

+REETRRE

+EHCH

F+

P 9CAMNEY

HARE 8 1EL

%ave Lhe current FEECT

FitoTe the daie in lhe leswie FSECT

rEel szide tha spate
IReanlar 1he curewc: FIELT

I Beann Ythe kasi tabie for wvalid sntrie:

-

SCANSYE HIOW SYHEME B
=l WL yCEIRSYH
Al EVHLIZ R
AL FlLiEYHTEF

]

i fmmkt of poulane., .

H
FETLEA

rt

r Local dala

F-

e} SYREBAS

n= CURSYh

4] S¥kEIE

n3 g¥sTD®

F1

bomEIH

1 Perfarm snall zort an gwAalol
P_

EZ0ORT! KLEW E?ETQF;Ri
1 Acditieral cade .4

«Fyh

Exampie &F JBAVE and | REETORE

13wl baww ul* Lable
rInitlalize solnter 1a taoie
iFALGY Pred the Rxisls

FSuvw mrd mddress=

iTeble Lf scafmads eridl

{Hase ridd-mam aT gumbol table

FCarrent =ysbol rairter darinm «can

iSlze of tables butas
ihet 40 erd 3ddre2s of teola

Lol =Fiar 1o lamiinsd

PGed and af dsole

Dlraetives

-
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.8  SYMLOL CONTROL DIRECTIVES

The sy=hal ogntrel] cirectives are uaed te st the type of a gliven
$ymhn1,

f.B.1 LGLOBL Bireckive I‘GLGEL

TForsals

SRLOSL syl sYEY e e ST

whearn:  gwal, reprasent lJegal symbolic Aames, When multiple
=R T S gvanais ara specified, they are. asparated by any
avmn tegal separtator [Commz, apace; ardSar kLab).

E WGLOBL dilreccive mav zlzo embody & label field andfer m  comn=nt
Tield. .

The .GLOBL Airective is provided to define [snd thuz  previde linkage
Lal aymbalsz | net otharwlze defined as global symbols withio o medile,
In deFining giebal aymbola the directive GLIRL &,8,C 1x simEiar wo;

s=rpEpressian h::&HPIESEitH Riz
Rr=:expreasion or Be=exprassion or  Ri:
T==pxpressian Cwagxpressica i

Buppuse chiect nodnlas are Yinked by globkal symbels, theze symbols are
iizal ko 2  prGgran. e foilowing  paragreph, deacribing  the
orocessing cf o pragrsm  frum  assenmbly toe linking, explains  the
glaobal's $ale, .

It Beseenling a fSoufis DEogram, MACRO-11 prodouzes a relocatable ohiect
madiele and & listing file vantslnine the ssaembly lieving and symbol
table. The linker or task hboilder Joing sepacstely agsembled opjact
medwules inke a slmgle executakle image, Dericg 1fnklng, object
madizles sre relogated relative ta the bage of the module snd linked by
giabzl s=ymbels. Beomugs  these symbhols wlil be referenced by othar
prugtam eadulesd, they musk be gimgled out as glabal swvmbols io the
defining modulas, A% shown  abowve, the JGLCAL dirvective, global
aszigament operator, or global label aperstor will delfine a aymbal  ae
aloianal.

211 icternal =ypbals appearibg within a given pragram must be  dellned
at the end ol agseubly pesa 1 or they will bhe assomed o e dopfeulk
dlohal refapences. Refar ta Seatiem 6.2.Y1 for o deseripkion aof
epabllagseigabling of ¢lobal refargnoes.

B=51




e

GENERAL ASSEMBLER LDIRECTIVES

In bee foliowlng rmranple, & aod B oare entry-poink symbols. The symbal
A hes  oerr grplicitly defined as  a glabal =ymbel by mecans of —he
GBLORL direciive, ard the synlml B has been explicikly definsd az 2
Glebnl label By tieans of che doubkle eolan [1:). Zince the aymbal O iz
not debined as a Iabel withie the corrent assemblw, it is sn owkernsl
tglebal) referance if JEMABL GET is5 i offect.

Defice a sabrcutine with 2 entey polnes whlicn oalls an
edteTnal subhrouzine

= ma Wy

PRELT jReelare the onpamed pragcam ssction.
LALOBL A iBefine A az a ylobal sy=beol.
i ¥y ARG+, RO iDefine eniry poiat &L
MOy ix,.m1
X1 J5ER [, 10211 external subrouline o,
Sk &Y sEx L.
B Gl [T5) &, RI siefine enbry poick B,
LR F2
ow =
Bxternal symbols can appear In the aperané fielé of an instruction oE
MACRO-11  directiwe ag & direct rofererce, &8 shown 1n the axamples
Bl oy
CLE ET
JHORL  ZXT
LR HR¥T

Ewtarnal symbals msy aleo appear se & term within aw  expression, as
ghown bglow:

oL EXT+A
LWORD - EXT-Z
L @EXT4M{RL)

An undefined external symbal canket Be yged in the evaluatian aof 4

dlresr aspignment  stmtemant or  as  an  argumenk in » cenditional

assembly dicestiva {zep Sactions 3.3, 5.9.1 wnd ¢.9,3].,

WEAK

H.¥,3 .WERY¥ Dipsctive
Formal:

LWERE syml,aymE, . ..5vmn0

where: s#vml represenks legal symbolle nanes, when multiple
2ymi, ... Symbhels are speclfled, they are separated by any
B4 n lggal sagarator {comnwas, swaee, andfor tak) .,
Example:
JWEAK EUNL, SUR

The WEAR directive may also embody & label field andfar a  comment
field,

W ———— L L e, N e E— o e —— e — W ot e e v e G RN moms Remem w B o o mm
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The WEAY directive iz used to epecify eymibois that are s2ither defined
axrernally  in  anfother models or  cefinsd glabally in the currenc
fodile . This dleective supprezses abjesct Library searchesz for
spacified external symbcls.

Hhien Lhe (WERY dlreclive ppecilies a symboel .that is extsrnally

Aefined, it is consiceroed & glabal symbail, TL bhe linkey filndda bhe
symbol's definition ie ancther modole, ih wizws  khat  Jdeflaitlaen, Tl

the lipker dwes nok find sn externsl dedinition, the symbel Is givon a
valosg of @, The linkoer dees oeb: eearcn a Likrary Lor  the glokal
syrbol, bkut i€ a moedule hrought in Fiom a llbrary for amrokber ressob
coptains the symbqal's definition, the linker yses the: def il fan,

Lf a symbol thet iz defimed in the yurrcepnt module is spovifiad by the
MWERK  directive, khe symbol iz coneidered Qlcbally deflined, However,
Ef the ynurrant sodule is Inssebed ln an-shject library, the syaboel 18
not  ingerted in tha Jibhracy's Symboel table, Conseguently, the mudiie
I= nor Cound wnen the llkrary 1s-searched at link time to resolve  the
symbnl.

H&TF

The .WERF directive i3 chnly supportad by
Ehe RT-11 W50 LIBEARTAM (LTER] a
LINKEER (LINE]. Suppotk  is  not yat
implemented in  the HREX-L1 tasibuoilder
fTEH] or 1llhkrarian (LBR).

F.2 COMDITIOHAL ASSEMBLY DIRECTIVES

Copditional assembly directives allew wou £o inelade or sxcilude blooks
nf mource zode durding she sssenbly process, pased an the evaluatlen cof
stated wondition kests within the body of the bdrocram,

AF

$.9,1  Condicfaneal Aesesbly Block Direckilves . [}t:
Farmat:

JIT cand  jarguanetk(s) :fLkerk cendlitlanal asaenbly bleck,

TanGe sRabge of conditlanal assembly blnok.

- BB sEnd af confdidticonal assembly hluah.

fim 53
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whare: ocpnd

argumnnt (a]

Crange
- EKOC

A camdition test other
arjument, ar = nell ar
line Lo be: Elzgoed wht

EMERAL AESEMALEH JIRECTIVES

Tepresents a Specifind conditien t52c  muast  bg
met IL kwe hlock iz te bBe inclided® in che
azeembly. Yhe condizions that may e teshbed Ly
tho condibionsl azzewsly directives =rm Sof Lmed
in Taonle R-0,

redeesents azny legal  z2eparctor  (cooma, ETACH,
andsor kabt

Feprnsackial tine uymizalic Argqument fay neE
Expressianial af che specliicd conditiconal tust.
These argumesca s+ ~hues & Fypotigs  of the
condition e ha tegzed (see Tokle 5-71,

reprasents the body of @ede Lhat is  elbuer
lncioded in bhe sssembly, or excludad, depetsiing
vpon whethsr tho condiltion 1s mer.

terminetes rche condiblonal anseshiv block.  This
directive muei he present to 2! the condlbionst
aszsembly bloaek,

then those Lisked in Table $-4, an  illeasl.

qunant speciiied In an (TP diraotive ceuses theb
ooan oarrcr cude {A)] in the agsonbly lizting,

Tablas &-f
Leqal Condition Teste ior fanditicenal Agsembly Direcklves
Conditiang
Fositive Complemenk - Argquments Assamble Slnek If:
(AN | 4H ExXpross ion ExXptaeisnion  is eqoal co 3
(% =t egual to @Y.
=T LE Exproansick Yapros3ion is qeesater
than A fur Tess then or
LIHL T B,
LT oo Exaressian Einrnasich ia less thon d
’ tar greater than or equal
ke A,
[ BIF Syroolic Symbor ig deilingd [or nat
argLtent clelinedl,
= YR Macru—cyan Argiunant is Dblapnk for
ML ARERE mon—talank) .

ey | A L LR L W LN

[ T —

{cuiztinusd on he=sr page]

B-54
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Banle-F-6 {Cont.)

Leqal Candltion Tests for Canditional hseesbly Directives

Conditions

v 2w

Pepizive Complement ArJuments Euisemale Block IE:
LK niv Twer MACKa-Eype Rrguments ate ldentical
arqumants [cr differeng) . 'Fle IF
19/ . Ik HIF  conditfionsl
direckiyes ara ok
alphabetically CaBpe

sensitive iy

dafaulk,

The uger may =nable thesg

directivas Lt

gengltive by o

. FHABL ocpricn
LCK

Le Ccage
5inyg - the
[-EWASL

-

NDTE

B macro—type argudent {wnich is -4 Eorm
wE symboliv argument), oz shown belaw,
iz anclasad withln angle - brackets or
denotad with an up=arrocw canskcectlion
ias described lr Section 7.3)1.

<L ,B,C>
vy
En sxemple of & candirlenal assowmbly directive follows:

.IF EQ ALPHA+] shssemble bleolk 1E RLEHA#I-3

« EM D

The two oparators & #nd | kave " special Wesning within

oF  mnd

NOF

copditiena, 1n that they are allowad in dfouping symbolic aryoments,

£ Eogical AWD epecasar
i Togical inclusive OR apereter
Far expnpie, the conditicnal azsembly statement:

LIF DF S5YM1 & S5YMY

« EHNDC

regulre in the sssembly of the conditilonal klock if the
and SYMZ are both defined.

ayubola

SEML
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GENEROL ASSEMELER RIRECTIVES

Rasted cenditlonal ddresrives L e roe form:

=

tendltfonal hasezbly Dirsctive
Cohditional Assepbly Direchtive
- FKLO
- EHDC

Ter exasple, Lhie failowing conditional dlirpctives;

«1F OF LS¥YML
IF DF EYMz

T

.E:]:-iE"T.'
o SN

Lenoguivern whethnr assembiv i35 te cecnr, In Loe cxamale ahoun, if the
T

nuternoac 2ondliles Iz uonsaklsfied, no desper lawel pf avaluabtlan of
nested conditional statemanrs within tos LroOTaT O,

Eack monditlonmail gssenibly hlocse musk be  termine-ed  wh bk Am L EHTE
nirecllwe, A0 CEMRE Aivestlve  enoocmtered oyursids A confitionnl
asgenbly Dioca 1o Flagged with =n errur unde () in. the asucthiy
listing.

levnls, oy Tootement nEL & TE R0 oekaoed this nesting level

MACRZ-11 permite & nesting 2esch el T€010}  cenditional  assombly
- mimps
depth 1s flagged wik™ 4= errer code [0 i The aszembly Zisking,

[*H
¥

JIFF

fFT

AFTF

F.0.2 EBubeonditional Assembly Block Directless

FOIgkos;

LTFE
LTHT
 IFVF

Subzondlcisnal dlroctives may ks places within conditicnal assembly
DiackE to indicate:

1. The assembly of ar alieenars body of code when the condition
ufF the Bluek testz [alsa,

2. The assemnbly of n Eco—conbigucus bady of zrde willip +
2onditionnl  aszembly blnok, depending opan the resclk of the
cotidicional vest in essaring Lhe blogk,

1. The arconditienzl  assembiy of i bedy  of ocode within a
cendltianel assembly block|,

=
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“hes snboons Teipne? dirpcklues are describeds in detzil in Takle &-7.

v a subrendlibtional dirsectiva apposrs cotside 2 conditlomsl assanbly
Block, at ercce code 0] 1z genpsrated i the sssembiy Listing,

Tabie 5-7
Aubsondicicnsl Bssombly STack Tlrectivesn

Subounditlonal

Cireclive Fanckian
.IFF IZ the nongition Losten AP FITEeLing thao
cangd i T ical aasembly bBlolk 15 falase, the oo

LallowinT this dirnchive, arrd :{.hr:f|.1|l]'|g - “he
nmex= aoourrance nf » subaonditines] drrootive or ba
the end ol the condlelionai assenbly Rlazk, Iz ko bsa
inchaled Ln the orogras.

IFT IF T confdikinn tosted L[ urthée Ing Lae
conditizsnal assemhbly blaock s btrie, o code
followlbd this dirsetive, and continving up o tho
Aaaxt  acoaprrensce of a2 subeonditlonal dicective ce oo
the ang af £he conditional assemb]ly bBlock, is te bLe
iroluded 1l Lhe pradram.

IFTE The coce fellawing thaiz :':ir':e--::‘.:'-"-.-ner and cankineing ap
ko mhe fext acoeuarressr pf g sohiccnditions]l Sireotiue
ar to the =2nd of fthe conditftienal seaembly bBlack, is
g be  Ipecdlwlsd  in Lhe mrragram, regardlesa of the
result gl the condlbian Lesbed uopan erleriog  the
tonditiapel an=sombly bleck,

The lmplind arguemant of # subcondibiaonei divectlve ls Like conditicn
Legk epeciifisd upon entering the coandikiopel  essenbly  bleck, as

Fefleeted By the inlllsd diregcive in Ehe aandibipepal coeding examplas

halow., Cocditicoal of suabcardlzional directbives in neated conditional
aasembly blocks are not swalwsked IF Lhe _'I:::'::*.-'l-:-uE oY uwier!' catudilion
in the bleck i mnot sotisfied. EBlamples 3 oand 4 below 1llustrabs
nesked  Adirectiveas Lkhat are nebt evaivsbsd  becauvse of previous
unsatisfied pondibionel aodirg.,

EAMPLE L: bBsrume thabt zymbcol Z¥M iz definazd,

LB DE O EYM sPeshs TRUR, 2¥HM 1z dGecfined. Assemble
. riine fwllawing oo,

IFF rPesks FALLSY, R&¥M 1li deflned. o not
. ;ossemble the follawing -ode.

,".'é“'l' ;Tests TRIUES. AYM ix defiped. &Assrm-
. shiie bhe Fallowing onie,

JITTF sAszamblas Fallawing oode wunconditien-
. rally.

=57




«IFPT

« EMTALE

CEEEMPLET 2: Asscne
defined.
LT DEox
v F oy
«IET
LITT
« BT
. EMTK"
EXAWPRLE 31: Eszun=

definen.

LITP NE &
noyr & R0
BT
My 21,7
IJF MNP =
« BRI
- ENTIC
EXAMPLE d4: Az
defined,
LTF DT %
LB BF T
ITF
4
- T
« EMT
. BN

CEHEHAL AZZEMBLER DIRECTIVEE

tnal

t=ark

that

e 2 o e, mmn o e e ey e e e e R o oope |

rTenDs TaUE. fivyw 75 celiroed. AEsem-
ible remainder of conditiomal assem-
sblvy block,

sysbol X ie Jetired and that svmbel v

ilests TRUT, wymbol ¥ is defined,
Tents EFALSE, oyracl ¥ is not defiped.
rTests TROZ, symibnl ¥ L3 not deined,
rassenhle Rhe following —ade.

F T A

FRLEE, aymin? ¥ is not defined.
=2 not szaembdo ~he falluwing oode.

iz

ol

symbhel B ol2 defined and Lhas symhol & 1= nat

rTenss TRUE. & ls defined.
rhasemble the following codu.

1Tesks PALSE. A L2 Pufimed. Do tos
rasannlie the following coda,
flested concitionn] direclive [ no-

revaiugked.

2ymbl & is aob delined

;Tests ERLAR. Hymbel ¥ 1y pet deflined,
fDo net azsemale ke following code,
fNasted conditional directlve s not
revaipzked,

;Hegked suhronditlonal directive 1=
rnat realoates

ikosted subcerditicnal ia

shoe evalaasad,

dlirngtive

and thal symbal ¥ i=
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AF

f.d.d Immediate Conditional hesembiy Diveckive

For=ah:
+1I@ cond, are, statemans

whetr o oond trarasants one I the Iegel condition testes defiloed
for gondizticnal assenblv klacwks in Table &-&.

P repregenkas ony ledgal SApaATSrar [comma, SRETE .
arcdfar Sabin

arq representa  kEhe arguoment azgovisfed with the
immedlate <condlizienal dlresiiver an e¥pressice,
E?mbuLlc AL UREN ur waera—-typr @rgument hEc

drscr ibied I Takle -0,

' reprasenti the =pparator hetween the conditiaral
sraument and che afatement [teld, I1F the preceding
ardgument 12 an eRfression, khen & comma mest De
JHEﬁ; aLhetwize, a comes . Spaan anddnar Eab may he
S8ed .,

statament represents the specifiied statement Lo be aszemblad
1f the condlklan la sacisfled,

Ery immediate fonditioral assembly dAirectlve prevides 4 mesns  far
wribtlog a 1-Jike coaditianal  azsembly bBlaek, The wse of thnis
directlive reguires no Lerminating CBHLEES stalemern:l and the condlbion ka
be Lesled 1s complelbely oswarsegsed wlithle  the Line concaining rhe
dirooeivm,
for =xample, the immedizte condliticnal statemsanl:

TR OF T BE0 AT Pga
genaratesz Lhe code

HGEQ & LFHA
if the aymbul FOO iz delined wilchin the sauree progrem,
b owirh the (IF directive, 3 conditlon Lestc ather than Shose listec in

Table #-%, &n 1liegal 2eguRent, of & Aull argoment specified in an
LIIT directive resalts An 20 errar code (AP In the asmsemnly Jistcing.




GEWERAL ASSEMBLER DIRECTIVES

.10 FILE CONTROL DIRECTIVES

The mpoma-11 Elle consrel dircstives e ased ta aad  $fle  nsmes  to
Tadtrn Tibrary Llistse énd ke insert & snoroe file inbto Lhe zouicg File
beling currently oo,

LIBRARY

. 18,1 LLIBRAHY DErecstive

Farmht:
LTARERY =ty :,r_-:_'.|

whoEn: String rebresmnts a dalimites striag that iz Lhe File
specificatioe of & macra liurary,.

The (LIRRARY diveclive sddg 2 Liléa jwame o 8 mAdra library liat shak
Tz suearaoned. B limrary 1list is searched whienever » JFORLL or an
uncafined oagade iz epccuntesed witmin 2 MECHD-1I  oroqeom. The
Llogzriezs that mosze uwp the list are seacchesd in the reverze arder Ik
whizh they wese spoeifiad {2 the MACRD-1.L azgenkier.

TF eny information wss omitted from the macra idkrery  rzrgument,
cefault  walaes  are  assames?, Thre defanlt file spesiticsilon Luc
MACED-T1RT-11 s Lk fLE, and for other systems It is SV HLRE,

The LTREARY direntive is5 pneed a# Lollows:

LLIBRAMY AOSL: [GMTTE USTIRLTRS
JLTRAARY FOELEYELEY JMLBY
LUHRARY MOURLERT , MLEY

MAIRO-12 zearches a:il macro “ibraries 05 7t fipds an anknewsn gymbel In
the cplods Lleld znd thn suco-mea™ 1 aption h55 besn previcualy shabled
by JENADL MOT.

MITE

If wou aro as'ng MATWI-LL witk an RT-11
onErabivn] svsSiem, woa showdd oo oawste af
Lthe frllowing twa restrictions. Tra
device driwver lor <he speciFicd duviom
Toat tine JLIZRARY Li1le residoews op mast
piltzady Le Zoeded, wither erplicilly
wilh Lhe || [ask]: comoaend, ar
ETI'.T:]_i'_"'i:_'_:z-' Ly reforcnsn Fa tha davice i
the mriginsl EACII-11 cummand Tico, TR
Seaogl reglrlcilan -t thar phisr-e 15 a
limit on Lae moaniisr af  LLI1ARTEA0Y filezs
Rpet omopy ke gpeciflied, Tie 1imit i
Twerlwe  mipus the numhar aF Filas
speaaified 1o the MACRO=I1 ooTmans lirms,
Fimce Lware @an he o caxnimus a2 2igjhs
Filen  on g MACLHD L1/R7-11 conmene bloe,
thzre arz v “past four svalleble alebs
Lar I7R#aRY files.

f—hsl
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ANCLUDE

G.of.2  JL[HELUDE DRirechiuve

Fearmat 4
JTHOLATR sy irg

whare) sEripg reur=se=ks 8 delimloed ecedny that iz the file
goscificotion of a mecrn Sonrcs Lids,

The INOLUDE direoctive s ased bs inzert s sagveoe File within tha
soarre Fite ciurrently being usod.  Whes chls directive Iz encowntered,
tha current sngpoe file lg atzcked and the source files =peciflod oy
“ha directive is read  Inke mensry. ¥When the end 0L Ktho speroified
zoyrce Flle 1s reached, the original sovrece file 1z pooped from  the
nkack ard  asgosdly  resumes  at tho lire Fallow'ng the dicective. 2
coutas file oan a2lso b inssrced wilhin & source Eile thaot has alrcady
beer  gpecified by the JIKCLUDE directlve. In this case the orviginal
soutce flle znd the First saprow [{le specillsd by  the (IKCLUCE
direc=iye are Skacksad ard the scoond sperifisd souroe Fils 1s read
inte remory. ‘when bbe end of the second nouros file 1s  resched, the
first specified sourcc file 1z pooped from bho sback and esseitboy
resamen at She line foilpwlng the direetive, and whesn the anc of  Lhe
fivat epecifisd =ource File is reached, ths origina? source Eile is
popped from tos ztsok and annembly of that L[ile is  sTarted again at
tha linm Fallowing the TACLEDE dirsctivs, Thao magimum nesting level
of =ourrse Eilesn speaifiled by the (IHTLIDE directive is fiwvno.

If any ivformscier iz omitted from the sparoce £81e argument,  delaell
valees ars assomes,  The dalaelt File specifiectien Fnr MACRO-11/7RT-11
iz OxX:.KMAT, ond fFar other systems L 18 9Y.MAC.

The JTHOLINE direcklve 12 oged oz fol 1ows:

. INCLUDE SRR, FIMACRGS,  ;File MACRIE.MAC
. INTLUGE LK EYEDERT
L THCLUDE nCCREENT  FACh

WOTE

IF wou »re caing MACRED=-1Y wlth an ®HT-11
apzrating  system, toe device drisver for
Lhe spesbflod dewice Lhabk =he L TRCLUNE
file resides o o2k alvready ke loades,
either nrplicitly wil<h the EMOW o0aD
commaad, of  implislcly by relerense ko
tre devigs o the ut‘lgit’.&]. MATRO-1 L
command linn.
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MLIRD GFIRECTIVES

.l DEFINEMG MMTR0OS

BY USikyg adcror @ programnsy [ ] ST IR | Hinmgdre Iip= o nnert E]
Sequense gb Linzs lole a Source program,

A macre daefFindrion is hoadad by o MAIRD cirecklve fzes fecbicn T.1.15
frllowed by the sodrce litkes. The sourss 1ioes may optionsally cantsin
ﬁ:ﬂmy ACCIT O AT, L sued srgumenta are used, each ofes 1= [ ATTT] 'l

che MARCOTD difectivs.

Eomacre o5ll (see Seciian 7.3) I8 the statement uveed by bhe dradrammer
o call Ehe messn Tomn whe Soudrde Bicog) ., Tt can=slyts af RERe meero
name Fol®owes by thc re ] argumonts nepded to ceoplace any dummy
nEqumenta used in the maoso.

Maorg expansion 15 Lhe lugerklon ol the sacro snurce linss  inss bhae
waln acogcan. ineluded in this Inserbicn I the roplscement of the
Jdummy arauments By the real acguments,

Maors ciireebIocs growido rhe moang o nanipgslatse the macco expanajgng.
Snly owna Sirective Iz gllowed per sooree lioe. Esch directive may
v 8 Llacs noerand ficle ar one o noce ocoorands, egel CECraEnds
difFer T A Ak direstive, e Dacros and e i assorizced
dirnpctives are Sertailed in this cheptor .,

.MACRO

P.1.1 JMACRD Dlsreebive

Frormat:

label:d LHECRS nans, dumpy argumenit list
Wheroy Tahed [CPCesTnTE &n opticna. statement label.
name represer.s The user-zosigned symbolic npme of  the
FRLTR, This rfame may Yo any Iegal symbol and may

b used 2noa lebknl slnewhere in the orogram.

' roUreEentTE any  Zeqal sSeparatsr {comna, soane,
andSor tat) .

o o o e e e ——
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MACR] DIREOTIVES

[eprefSents o numd2r of legal symboels (see

ent  3,2.2) that mey appear aovwiere in the body of the
Macre definitiasn, =ver s a2 Zshel, Thesae  dummy
Gymhols  Ccan a2 used elsewhore in the program with
e conflizt of cefinizivn. Matipie dummy
arguments specilied dn this directive mey &g
saparated by any legol separazar, The deteckian

oL & deplicate or zn 1lllagsl eymbal 1m a dummy
argument Tigt tecminalbes the scan and  oeuses

oITCE o002 (&) S0 e gsnerabned,

Ceolkinm

A conment mey Solliow the dummy argumenl lis- im 8 JMAZRD dircetive, gs

shown o= law:

MR

EES AN flrefines maoro A535 with Lwo argomonts.

The first statement of o maoroe defiaiiblon wus+t be g MACRD dirgotive,

T.X.F JENDM D1

TFerrmat:

« FRITIM
where: fiase:
Example:

« CHTIM

I L |

& e e ey g g o g L

HNTE
Aibiough it iz legal For & label Lo
sppear oA G MACEG direcsive,  this
pPracilice is digcourazed, especially i

Lhe waza of nrested racra definitions,
navause Irvarin lebnrls or labels
conskracktend with the roncatenation
char=nter will cause Ehe macre direclive
to  he  igrered, This mavy reszulht in
imarocpet  termics:ian o the mHCra
Cebfini+tian.

Thie KOTZ zlzo applies <o LIRP, JIRET,
amel JHEPRT,

aft

rpokive -ENDM

TEHreSsn.2 2 cpBExionw’ arjumenk  spuecifyi

name ot the  sacea being sermingtbed
dirasntive.

;Terminales the nurrent
imacre deflnikion,

4R ;Tareilnates the cuteent
pimacre definiticon cemed MBS,

- P e e e e e —— . ————— o

ng  Lhe
by Leag
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MACRD DIRECTIVES

IL speciFled, Lhe mascra neme in Lhe JENDM  stabemenk wmusk match  the
name specifled im the carresparding (MACRO directive, Dtherwiae, the
gtatement iz flagged with an rerar code [A} Lo the aszembly 1isting,
n cither Ja8=, the curscent macre dAefinitian 5 terminated,
Epecilying Ewe mazcra name in the LJEWNDM statement thus permits MAUED=11
Lo detact  awilssing (RRLDM asbtatemenks cr improperiy negbkad macro
deiinitions.

The FROM dAirscrkive masE ot hawe: A Labw:l ., Tf & 1legal labr] 1g
abttacked, it will ke igrered. If an illegal Iokel iz attached, the

dirpetive will Lo lgnaved.

The: EROM direcrcive may be foliqwed by i CatmeEnt fimleld, A Sacawh
boiows

CMACET TYRMEE MEFSS0R aTyne a messads,

J5T [z, TYPMES:
HOERT MRASGE
. BMTiME sEne: aF TYREEO macra,

The fipal ztetement of evwery rmovcro cafiniticn mwstr be an EMOH
directive. ™e LUNOM dirpctive 5 al%o usmed Eo tefminats incsfinice
renest hlocks {zee Fectbica T.8) andé #ay be ased to cerminote repeat
Rlocks legee Seclion 7.7,

Tal.3 LHEXIT Diractiwve !MEKIT

Formalka

The _MEXIT dircentive may be used to tarrinate o moors expensicon befare
the end of Lhe macro iz enceounter=d. This dicective i alsc Zegal
within repeat Elacks {&&e Secviens 7.0 ernd F.91. It is rest usefol in
mested magrag. The MEXIT Cirestive terminstes the cprrenk macla &2
Thasgt =2t L ERIIM dipgectklve RS Deen encocunterad, Uslnz +he AFEMT
i peseayiowe bypasnen the compleoxtsies ofFf nested conditiopal directives
and nliternate assembly paths, 25 shown ia Tthe following example;

SA4R0E0 ALTR M 50 R

LLE EQ B Start nonditionsl assembly -bleck.
HEXTT ;Terminate macre expanalan.

L ENTT 1End canditiaksi assemuly bhilock,

. BRI JWMarmal end of macra,

1a &0 pEsenbly where Lhe dunmy svebo. B le replaced 9y cero (see Talklp
B-f}, the _MESTT digective would agsemble the condicivns) blaock end
Letminats the macro axporsion. when marcrcs agse nested, & JHMEXKIT
dirzative ocansas anp oxt o thae poxs higher Towel nf magro oEPAnsicn.

N




MACRD DIREOITIVES

A .MERLIT direccive encountered cutside 3 macro definitian  is Flagyged
with an errar rode (0) in Lhe assembly liatping.

7.1.4 MACRO Definition Pormatking

A& form-feed character gsed within a masro Cefinition Ccauses a rage
#ject durine  the assembly of the macte definitien. A naTe ajeck,
hewewer ., is not per Formed whet Lhe sacroe is suDandod,

Cobtwerzely, when the (PATE directive iz uged in o rocorn cafinician, IL
ir

ia lgrorod during  khe assembly ol tho maoro c2Fin ‘oo, buk a3 page
eiect is periosmed when that masru is expsnded,

Yo7 CALLIRG MACROS

Format:
[Cab=1:] mame res? srguments
whers; Label TERYEESnif an apTicnal sStakens=nt lahel.
Bama represents the name of the maciy, as specified  in
Ehe JKACRD dlircecive (2es Secilan 7...17.
real renteserr symbalic  arguwents  which  replzze  the
atyumente durmy argumenta listed inp  the ,MACRD direosive,
Whes rulciple srgumants il . thegy are separated
by any legal separator.  Aroumants  fa bthe  wmacro
celil are Lreatad a5 characks) stringe, their osaae
ie devermined B the mecro Sefinitian,
o omagro Gefindricn must ke estanlisked by means af the | RACKS
directive {gse fection 7T.1.21 before the macra can be oalled ancd

expantded within the fource program.

When a macto name iz the same mg 5 user label, kEhe Sppesfanes al  the
symbo  fn the operalor ficld desianates the symbol Az a Reors 2Ell;
the appearance of the =yphbol in Lke aperane fiels desigrates 1L as A
lTabel, 2z zhown below:

MEE MCW [H&] ,RL PARE IE Cellmnd o5 o labkel,
BE ADE TROR 1& conzidersy mn be a label,
ARyY Hd . EMT ,TLAR ;E53 13 a maceo mall.

T.1 MRGUMEWTS IN MACRD DEPINITIONS AND MaACGO CALLE

cra aefinition or  mwecre  gali mast e

Mudtipie sargumentzs within o = £ini
egal zepsrsving chzcackors describien Tn

Fepsrated by ape of  the
Geckion 3.1.1.

el g
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MACEG DIRECTIVEE

Macro deflsitise arguments {(Sammy) and mocro oall arguments  {coalid
prermally maintein B a2lrict opositieonal relstlacship. That i=, the
tiret resl acguinent 1n oA pacras osll corresponds wich toe fiest dummy
arqument in o macro dafinitinrn, orly khe ase of keyword afguaments 1n
a4 macrn call can avercide zhiz correspondencs (see Hecztion T.3.5).

Foer mxample, the fallewinyg ®aceo gafFinikiaorn and 1bs gataclated paovg
call contain muleiple arguomuents:

HMERCRC REN AR C

HZN ALPHA,RETA, <CL, 02"

srgurments which themaelwes oontsin separatinn charaorers most be
epclosed In peired angle brackebts. For exampls,. the macro oails

FE Py PR LT IR
cpusas bihve entire expre=asion

M oW .Y
Eo replacs zll sesurrences of the symbol B ix the FRacro definition.
Rmal  argumencs within = macrus £all are congidersd to be characoer
strings end are treated as o sipgle enkity doring the neacen expansian,
The GB-areew 7] cohstruetion allows angie Brackets to D paesed  as
part of the srgumenc., This canstruction, faor exampls, coulid heve Deen
weed in Lne sdaeve macra sall, as follows:

RFh TACMDY K RS 3N WEY

caualyg bhe enbkire chatrackes sktolng <¥ov X, ¥> te ke pasged a3e  an
Ergument.,

Because of the use cf Che up—-arcow [“} shown abowe, care must bhe takan
wher pazsing an zrgument begdioning with a umary operator (70, S, "B,
"R, "F ...}, These argufent2 waslk ke enclosed ik angle brackere  fas
ghown belsw) s MECPD-11 wWill reald Ehe ChRaSTACker Foilowing the
np—arrow 82 a dellamltae.

REW £70 4113 ., W,Y
The followlng macro call:s

HEM Jed WTYT SN0 N, TS
contdlns only owo afgumente  (hEd and WEVTSMOY XYY besauss the
up—arcow  is & uwhary operatbor  f@ees  Beorlon 3.1.3)  and it I8 not

pieceded by an arqument SERSEATCC.

b mbhown in toe examplos abown, Spaces can be psed wichin brankoted
atqumant canpstroctions =2 lneyeese Lhe legibllity of swuch expressions.

F=5




MACRD TARECTIVES

F.3.1 HMacro Kes:ing

Macro nesting cocurs whers the expansion of one macro includes a  call
te anoiher, The depth af nesting sllowed deponds opan the smopns o
dynaels memory used by Fhe mcorce progrem aeing aesemnblaed,

T pass an arguiwent cantaining fegsl AequEanl. delimiterz  to Aaesrtad
malrasn, englose  Lke arguement  in te macra Sofinition witnmin angie
Erackety, as shewn 1o the coding sequencs belnw, Thiam  avtrs  sef  af
argle  hracksts  For  each  level of sestine iz reqoirod in the nacen
deflnition, not in Lee mascs o=il.

SHMECRD  LEVELL TUML, 242
F.HYELZ  <DUMIN

EVEELE  LLUM2:

« BEIDM

-MACRDE  LEWELL TUM2

DRk

AL #la . 44
My RA . 1R1T+
- BRI

A call to the LRVELI macro, £5 stown Deluw, for exsmple:
LEVELI1 2Oy XeRAL , SRy 1, Tifh

wouses Lhe folliawing macre edpangion ko acope:

MoV ¥, R

ATl £17 54
[t RO, {RTI+
ey RZ . RE
ALD 412 ,BA
Woar HA LRI+

Yoen maera definiitlons &:e mested, the inner desinilian ZHRToT  De
called wuntil the outsr mwasra has  been called ane exarndad. Tor
example, in the Iallewipg codlng:

LMACRD LWL ALE

SMACRD LVE O

M

» EHmM
tha LvE macre cannat bz called and espanded untill tke VL macro  has
been  eXpancod, Likewlse, any macra definsc wikhirn the L¥? wmacre

definitian cannet be ealled and  exparded wuntil V2 b2y 2lma  heen
exprandad.

T-g
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MACED DIRELTIVEE

7.3.2 Special Characters in Macro Argumests

1f£ zn atgumsnt doas ok cenbtalr spaces, babs, Sedliolons, of COWOAS i
gay inciude =spscisl characters wWibhout egciosing them in & Dracketed
conatrustioan. For exarple:

LMACRD PUSH ARG

Mor LRG,— (50
- DNDH
FUGE 43032}

cacses the follawing code to be generated:

MOy M+ii%R21 .~ [3F}

7.31.3 Passlng Wumeric Arguments as Symbols

T¢ the unary operate: backslzsh (M) preced2s ao acgumoent,  Ene macro
treats that argqueent a2 a nuomerin witue In the current program radis,
The RFCIT characters ropresenting Lidle value are inserked in che maceo
awpanulon, and their fuongtion 15 defined in the cuntexk of tha
resulting aodn, ad shown in the fellawiod eXample:

HEACTC IHI A.E
L LhT Bois prealsed 32 a number inm eurrcent
R=a+l iprogram radix.,
L EMDR
JMBEDRG DOM B
AR JORD 4 ;BB is desoriked fIm Bection T.307.
w MR
=@ ™ et

The above macrs rnall [(IECY waald thus esgasznd Loy
Hd: « HEMHE L

In this sapanced oode, ke Label XA: respt ks from the coencatenatian
of twa real  arsufenle. The singlz guoewe ['F charazger in the label
A0:  concatanates the cesl argumentz ¥ oand 4 a2 Lhey are  passed
during the ewpansinn of kue maers. This type of srgumnent coRstructiom
iz degeribed ln pore detzil in Seosion T3V

A 2ubssgeent <call to the same macwra wedld gererate the following code:
Xl SWORE 1

ard sz an, for later calls. The twe macrs deliedelons are neceasary
becacse Lhe aymbol  asnsociasted with demny ergowment B o(that is, OF
cannut be updsted in the CON macroe definition, becauze the charagter B
has rteplaced ©  in the argument sblting (I8C X, ©). Ir the CON mMBCro
definitint, the nurber passed le Lreated &6 A stricg argunent,  [Whecs
the waiuse of the r©eal arcemant 2 €, only & =ingle ¢ charaeser 1s
passed o Rhe macku eXpan=zich.)

-7
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Possdag numerds valuss ik bhis manner is gsefal ie idenLifying zaurce
Ilatingz. Prr Swancle, versiuha of prodrars creshod T EaUg A
conditionsl agzemblies ol a4 ningle acuron TEZ]Eam cen be Liinntified
throwgh suah  cading &5 EREL Sfhown Do, Angoma, Lor oxample, khat
e symbul IL iz the Zacco call (TR has besn aynsced  2locyhere  in
ithe moutce program be ths waluae F.

JMATHD  IDT AEM phrsume thak che zymbel YD takes
- ICEHT /W@ L, "Gy ion a unigue #-digil wslurp,
« EMIEM shners VO i Lhe updacs
. iversian of Lhe program.
ICT WID

The elave macra ozll wed:d &her expand ha:
ITBENT  AW0T LG8

Where S 18 the nemerie valuae of khe apebel 0.

T.3.4 Humber of Argumente in Macro Calls

£ Macra can be defined wite or witheotl arguncntz., "L snra AEGUTe by
appear In fEo mazro 2437 Shan in Lhe mssre definision, an error cnee
(07 15 geoerated 1o thes azsembly listing, [F fewar atguaents sppesr
ln  the macra =25ll thas in ths macete deinition, QlELing arguments are
aaauned to ke nuil welaas, The comiit oncl directives IF @ anc IR
HBR  imee Tsbie £-21 can o wsed wibhin she mocrs o detect mlasing
arcumeats, The nusber of argomenta can also be debarmissd asing  nhe
«MERG dircaotive (Sectton T.%.1).

T.3.% Creating Local Symbols Avtomatcally

h lanel 1s aften reguired in an expanded macre. Ir  tFke Convemtiopal
malru facilitles thos  Far deseribed, = lzbel nosk be cADlicitiy
5o

2ified £s an argument with each  secra 2lli. The  wm3er must  hbe
caratul  &n issuing  Achscquent  ©&8lls to the dsume macta do arder 'u
aveld daplicsting lakeTls. This concers can b olinlnatbed thraugh A
Leebure of MADRD-L1 thak cornatss 2 whlgon symEcl where & labe! iy
required in an expandes maora,

=
L
|5
L

AE hobed in Seceicn 3.5, MRCRO-1I can auktomatizally create  local
aymbinls  of the farm ef, whure n e & decimol integnr within rhe range
JawaA Lh[l.'lugh 65515, inalugsive., maur lacal '\_-'.:l.'|:||_:.n'|5 atsa Croated bl:l.-
MRCRG-11 " numerical nrder, 52 =cown Salow:

IRSPEL
JEaALs

EEHE#E
GREAGE

T W I el T L e e S T ] T T e Pl s e 3 - e e e e e e e e B B



MACRED DIRECTIYED

Thiz sulbomatlc generation is lnwoked on eaeth ecail of & nagro whoae
deFinltion montains & dommy argunent preseded by bhe guealion mark (2)
charaster, az shown in the mzara dellaiticn hrnlow:

CJMADRG ALRHA, R, FS sCantains dummy Argument B praceded by
JuEesT1an Inacrs,
TOT B
BEn H
ATl 5.4
B
. EXDM

A Tozal spmbol ig orested susamstically by MACRO-11 only wier A teal
argument. of the macrs  zall  le either nuldl ar miszing, as shewn 1k
Txanple 1 below,. 1! the real ardgument is spesifled la che macte call,
howewer, MACRO-LL isnibibs the generatlon oi a legal symbal and normal
Erqument replaseneal coours, A8 3nown in Exsmple 2 below.  (E<amples 1
znd ¥ are hoth expansicns of the Alphs ®pacro defined above.;

EXAMFLT 1: Orpate a Local Symhol fcr the Missing Argwient:

ALTHA 71 sSecand srgument is missing.
TET H1

GED JAAESS stotal gymbol is oroated,
AL $#5,.R1

JARARE:

EYAMELE 2: In Mot Ureate a Lacal Symkal:

ALPHSR R2 MY r3econd argusent. A¥2 is specifizd.
TET h2

BE xyy iornal argument replacernent SOCUIS.
A TN b= .02

LA

automaticaily created lnoel symbols are restricted o the flyst 18000)
drauments of a macre defintticn.

Butomarically created lones? symbols reseleing frem the gruanalen st @
macte, as describes  abowe, da not estahklish a local eymbel bleck in
theic own right.

Whiers a macre haa gewveral argquments racmarked Lor gwbopatic  local
gymbal generatien, Subetituting a specific lehel For one Euch argumyent
risks aesembiy errere becauss MACAD-11  construcls Iks argument
synskitutlon list at  khe peint of meoero invocaticn, Therefatre, L8
appearsnee af a label, =che L(ENASL L3R clrectiwve, =&r the (ERECE
direcrive, im the maceo expansion will coreate a naw local gyinbol
Higew., The new lowal Zymbel bBleck could lesve lacnl aSymbol refarsnces
in Lthe previous block and their symbol definizions 1n the new ong,
causing errer codes in the assembly liztina. Furthermare, a later
masra erpansicn that  creates  local  Bymbols  in the new Bizzk may
duoplicate ane of the symbals in questlon, causing an addilbklanal erear
cade [(PY 1n the assemioly 11isking.




MRCED DTRELTIVES

TLE.0 Heyword ATgUMEBOhS
Furmat;
name=gLring

wherw: namsa represenbs the Jdanmy argument,

Strinm Frgrasents ke teal gymbolic argument,

Tho keyword argemerk may  qol o sontain enbeddcd 2ryument Eeosratoro
uriieng delimi+ed as cescribed in Seecion 7.4,

Macras may be dofizmed wish, andfor ceied with, kKavwerd  segumen-s,
When g kevword sequfent sspears fn bhe Fumzy srgiment l2ek ofF a macre
fefinition, the #pecified string oevemegs the defaplt rezl aryument  at
macre Call, Woen o Leyvword argument approars ik Lhe real argumnent liat
ol & macre call, however, thn speclffed striny oecemas Lhe real
ArguTenl Jor the  durny argoment tRet matones tho epecilicd name,
Wither or nosn rhe domfy sacgunent was Sefined witn a xeywad, If a
maktecl: twils, bhe cptice Arguaent speriflicstion iz treaspd as Lhe next
Fe2ltin=al- eal arguaencs,

Poxcyword argament may bo speciflszd anywhers in  the dammy  argument
1ist af & yacro cefinition ana Is AArt ol che pozitionsl ardering ofF
ATHUDETL. A ReywaTd argument mav 2fsn he EDecifiad &anywheres in  Lkhe
f=ol sraumeni 1lsc of a masre 311 buk, In thls oace, daes nnt offeck
the oositloral erderleg of =he arguments:,

« LTiET ME

2 i
3 § Deline m maoro havieg kevwords in dummy srgumerL
1 : lies
5 i
E MACET  TEST COMNTRAL=]1 ,DIOCE , ARCEEG=TEHp
T MWEED LUNTRL
3 JHORG HLOCE
¢ HGRD SH0ODEES
14 . MHDM
11
12
1% i
11 i How invcke geveral rincs
25 :
ila
I7 Fldppd TEET LU
HEANN: Agd PRAG SJHDORT b,
AeAFe:  AARSEA: WD D B
Apsang JAAGE PG MWIRD o
14
13 HHRATR TEOGT 5DDEEH=2E,BLDEK-?H,ﬁﬂuTRE=éﬂ
JHORWMA  @guddin JHORD 41
EAARIE  geppIa JEORT EX
AIE01E  AeRdzn WD 2
i
Al Beeaé TEIT B f=5
HAGAi 4 bl e I ol JHEOHA L
AAsttih GAARES RCRD 5
SAAR P CEPARAG L WORE TEM?
T-1i

b o e 8w o o o g R by e o s B .58 AL B AL . —_ —_— ——
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1z
i3 4BEA7Z TEST COETRL=-S  ADOREE-VARIAS
AAadz2  gpapR: < WCORD E:
pAGCZY AEAQRSA - WETE
AREERG  RACRDEHG SO VERILE
22
ih o #RAdIY THET
AEAAls  |738a1 o WA !
dpap iz dPEphag - WOH]
FARE IS GANHUEG WERD “EM[*
26
27 BAGR IR e ALDRES=JACK:TILL
AAGAZG AAQAEN1 < EWORL 1
ARG4a ARR AR . HORD
HEfng: ASERFARC KWORD JACHTTILLL
=8
2%
38 PEAEEL L END
T.31.7 Cencatenation of Macre AYrgumentE

The apostrophs or =ingle quote  chearacter (') operstes  as 2 legal
delimiking character in mavro definiticnos, A =ingle guote that
precedes and/or Lollows o dwmmy argument  in & RACED dafinitian 1=
remeved, and  bhe substitukine of  tha raal argumenlk occurs ab thet
peipt, For example, in the following statmeniEs

CMACRG TEF ALE.C,

AfRr ABOIE SO
.SYTE et e
« ER DM

when “he macee NRF i callec thraugh the sabatement:
DEF XY, 2MBCHO-1F>
it is expandoed, a2z fcliows:

WY LRECIE FWpORO-11/
-BYTE Y,y

In expanding tke first ling, the acar  far G Firet avrgqument
terminates wpon finding the tirst soestreyhe ('] character. Sinoe A
i5 & dymmy argunent, the apostraphe (') i3 remcoved. The =cmn then
rezsumes wWith By B iz aleos peted as anoiber dummy arguanent,  The two
raal arquments X and ¥ are then concAakznated to farm  the label XYz,
The Lhird dummy acgumentc 1s neted in the oporand field of rha .ASCIE
dicectivo, cauzlng the real argumert MACED-11 ko Le subat ituked in
tais field.

B — — - e Bl T A e
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Wonen evsiuating the Steurents ol bl (SYTE directive Gurint eXpansian
Ll khe secord line, the  soan beglrin with the fire: aansTrcphe |']
vharapter. 2iace It 12 neither proceded ner  Followsd v & doemmy
Arqumant, chis apostrophe reca’ns 20 Lhe moors axpansion, The zoan
Lhen anaavncers +he secund #peetroophe, which is Foilowed by a R My
afduwent  and 1s therefore dizcardes, Ine szan ol arqumenk & s
teruinated upan encountering Lhe ocomme Ca¥- The third aposk-nphe is
heivher precsded nur €ollowed by g duzmy Acqumend and agzin remaing i
Lhe «racre expanzion.  Yha fourlh $ond leaL] apnscropis is followoo ks
snnther  durmy  argument  and Iy ] kewlos lisoarced, i fonpy apufitrophe
("} characters were recessacy is the macro dofinlkfoe Eo generabe  two
anazttophe [") chersgtars e the maceo edpansicon. }

T.4 MACRG ATTRIBHTE DIRECTIVES: « ARG, (ACHE, AND (NTYDE

MAZRO-1I Kas three divectivos that 2iinw Ehe uszer t2 delermine Cerlsfn
atiTlbuters  of macre argumenigs ~MARG, _NTHR, and (WTYPE. Thne anse of
those directives permits selectiva radificatlons of a macrn expanegian,
depencing con  khe mnatute of the arqunasnts belng  fazaed, Theze
directives are doscribed Lelawy,

-NARG

T.4.1 LNARGC Direntivae

Farmat;
[label:} +MARG symbal
whnre: labal roproegenls an apkicril ststament: label,
Hymbal represents  any  legal  Eymoal, This =ymbol !
Buaterd  to Lhe nupher i nnn-keyword arquments in
Lhe macee call czrrerely  belny  cxpanded, If =@

symbel  is net specified, the WARG direclive is
flagur? with &n arror code (A in  the Aunambly
1fsting.

Tne MARG direstive 1z used to delermina  the tumber oL non=keyword
Aarqumenks  in cthe rasve  zall currently being expanded.  MNenge, the
ARG dlracrive can sppear only within & mecra definitian; IF &t
THFEEZEE  eisewhare, ar errer  opde (0 ig graerated In the azzeahly
listing.

an exarple of the (NARC divecktive I8 shown in Figure 7-%,

=1
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2
a2

Pl

i

Fi

QCra0

gapoog

SoCn0D
g [elal 1
[l Te 1]
2a0dkA
aaeefi
noabid

qure

7.4, UHNCER Dirsctiva

Fornsh:
[Fatmin]
whares label

Tz L

MACRO DIRECTIVES

Cirgadg

LICiLalelrk )

LR LAY

cengad
ACHI &0
Qoa347
=1alHL ]
oLazad
alul-b.d b

oaennl

7-1 FRuanple of JHARL Lireceive

i+
]

(HACRE

«ERIH

+TITLE HARS

VEMATL
+LIET

MULL
<MARE
JIF ER
VHEXET
IFF
+REFT
Har
EHDH
EHDC

HLHLL
«WARd
50 LR
fFREAIT
« JFF
REPT
KIF
+EMDK
1LNDC

HLiL

v HARG
«IF ER
fHEXIT
W iFF
«REM
Hop
<ENGH
HOF
HAp
HaF
oL
HAF
WF
WRHTIC

+EHD

SHoHR symbe] et ringl

rppresenks At aptionnl

revresents

i d el

Fpned oo,
werar

Fetlreaents

to

S

HTY
tha

Lhe

LA

any

andsar tak].

lzgal
reamlae ¢
specified wharacter BLring.
LHOHAR directive
in the assemkivy linting.

leaal

AR
HE

i Cxmpmld af bhe MAREG darsctive

ML'H
5YH
STH

Wuk

BTH
e

arH
YA

sTatmmank

symbkal,

senorator

-.NCHR

LAabel
T L syRbel  im
ciarackers in  thz
aymbol 1Is not

fFluggerr wilh an

[=amma,

Space,




MACRO DIRECTIVES

<steing> vepresencs 5 2teing ol printabls  characiers. IF
the character sIring  ocontains a 1pqal saparabor
FOCMWE, BRaanr, éndsor tak) the whols strian mast
b= enelnaed within angle brackets (o) oy
UF-arrewe (7. TP khe dolimiting  chavackoos do
ret match ar 1IF Ehe ending dellmiter vannat ha
detected because 0f a4 svnlackical ecrar in the
chatacker sorirg fthus premaluorely terminating its
epvaluztiont , the _HCUR directive is  flacged  wikh
N rrECE code {R) in che assembly LizLing. ’

The .KIHR dipective, which man appear anywhers ir a KACRS-11  program,
if ased to defbermine the number aofF charagrers Zn = Epecliled charackosgp
string. Thia directive is useful in saleoulating the langk® n¥  maorpa
arguments,

an example of the HOUR @irFectivr is =hown in Figqure 7-2.

1 Z.TITLE KCHR
3
A SEMARL L
1 .LIET HE
= it
# i frlumtrate h# MCHR ciraztive
7 b
B
v (HALRD  5THLKY  REGGHG
ik JCHE 3+ HEST A
11 JHORE e
iz SAHGCTY  rHEBERGY
13 ZEVEK
14 JENIDH
15
14 000E0g HSGL:  STRIKE <HKEllo®
i B .MCH  §&F.Hellno
QREODS  000GGE MORE S48
LI HA 119 Z43CII  rEmllas
AR 1L5
o 04 1.1
OOE 3T s
ol 044 i57
Turw
17
19 haast SEHE

Figqure 7-7  Sxamplo ol NUHR DicesLiva

NTYPE

T.4.5 JRTYPE Directiva

Formal:
MNashel-| JETYEE symhel ,aaxn
whetw: Tsnel repregerts atr apllonal statomert Tahsl,
ayiibel repredents any legal  swehal, Thia =ywmbel is
: cquatad o the bB-hit aderessing wade nf o che
Fellowing epepression fnedpl. TL & aymbnl L= not
epecliled, the WTYrE dizective is Flaggrs with an

error doade (27 in the assembly liseing,
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MARCRD DIRECTIVES

' represents  any  legal separator (ConRe&, ERLDE,
and/sor tabd.

ABERD cepregents ony Logal addrez:z expresgicn, a4s5 2 ufed
with an aprode. If ;o argument iz specilied, 4an
areor  cade  {A) will app=ar  in  the aanenbly
listing.

Tha (MTYEZ directive im used Lo detarmine Lhe addressing mode cf &
spralflied macto argoment. Hence, ths NTYEE dirsctive con appoar enly
within & macro dpfinitlen; if it appears elsewhnre, i1t i3 Flagaed
with sn errar cade (03 in thz aszembly listing.

an example of the wse oF an JNTYPE directlve in a masrs gefinltion is
ahown in Figure 7-3.

I JTITLE HTYPC
2
2 ~-ERABL LC
4 LLET RE
=]
& rt
T # Tllustrate thd HTYFE dEractivo
-] -
T
in -ARLCR{  SAYE Ara
11 HTYPE SE1+ARE
it 1aF ERF S3EETR
t3 kil ARGy - T4l i9ave in rexlater sade
L IFF
1% MGy PAEGr-18F 2 FEpve 1n nmop-rEdislar sode
13 +EHDE
L7 {ENOR
LE
ES (hOQdH =410 =41
aenal JHTTFE Tk Fl
vIE Fr #a8E73
oLoDee  Q1pldd HaY B - {SF) i89gvm In Tedister Eode
r IFF
Aoy #EE ¢4 5E iSawa 1n ngn-refisker sodd
«EROC
2
21 Gdddd2 EAVE T2mF
coddas7 vHWTYPF Sk d s TEAFR
«IF EQ WEEEFD
KOk TEAP, [hika tBuvee :ir- voaipier RoAn
< 1FF
iT-TH - e B T ¥ HOK 1TEHPr - 15P) 1S3ve 'h han-realateT sade
Ci0ad
VEHAC
o 00D00s  QQRGA]  TEHF: WORE )
24
= [l l=TelN § EAD

Flyure 7-3 Ewample ef KTYPE RDireclive in Macra Deflnitien

For sdditlenal informabler goncerning  addressing mades, reler to
Chapter S atd Appsndix B.2.

7-15
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MACRO DIRECTIVES

.ERROR

7. LERROR AND .PRIHNT DIRFCTIVES

Farmae:
[labal:;  FRRCR [expr] ibERL
whete: rabel roprasents an aptional stmtement label,

sipr Tepresents an optlonal sxpressicon whege wvalpe is
output  when the  (ERROG directive is epooontered
during ass=embly.

rirnntes the beginning af the btezxl siriog,

a
r

Lax t Fepreganes thn massa)2 asSocisbed with the (ERERNS
direcrivn,

The .ERROR directive is ucsed to sutpuk messages te the liskipng file
during asaembly pass 2, A sommen use of this disective iz to alerk
the vser to a redecte:d ar erranecus masre 2all or Lo the pxistenes  of
an  illegal &et nof sopditions in & condillonel assembly. If che
lizting #ilr is not gpecifiea, the ,TRAOR messages are aslpot ko the
aapmand sotput deyioe,

Upen encorntardny eon (EA30R directive anywhere in A gourcse PTogram,
FACTO-1F ouitputs a =ingle Iice zontaining:

iy ER BIIGIT morn (P
2. The sequente nultter ar “ha (EARDE directive stacemenl
Z. The value: of rthe current Locabich canntsrs
4, The walue al Lhe ewprousion, if ene is-gp&cifinr?
5. Tha source 1lmoe L:.r:"-l'.'-:-l'n:i_:'u:r the .EPROB dirmchive,
For edamole, the follawlng directive:
) LA E L) L) pTavalid macso argutent

cRUEeE A4 ling in the Esllowinyg Farm te be cutpul Lo the lissipg riie:

feg, Loa,. Wi,
No, ¥, Yalae Text
e 13 Edisdz 9pAaThR LTREDR & sInvalid macto arguamcnt

-ai
1=
i1
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MACRD DITRECTIVES

PRINT

The .SRINT directive is idectiral in Tonctlan ke the (ERRGR directive,
axcepr that it iu ner flagged with the ercor code [F).

7.4 INDEFINITE REPEAT BLOCY DIRBOTIVRE: JIRP AND .IRPC

An fndetinite repeot -biock is slwllar ko a macre definitien with oniy
ane dummy argouwsent. AL zach sepension 9f the lodefllpite repeab range,
this dumpy argument s repiaced with supocessive  gloments caf & real
argurment  lial, Binge the repescs girective and itF associsted bange
are oodad cin-1line within the soogoe  arograk, this type of  mocrwe
definiticn and cexpanslon coeda oot eeauire calling She macro by nome,
ze teguired in the erpansles ol fhe comventional]l maorom  prev_ously
cdegcrlbed 1pm this chaptar.

An indefinits tepealt biock can appear oicher within or aekside ancther
Lacro cefiniktion, lndefinlite repent bklack, or repesl Dlack,  The rules
Fone zpecblying indefinice repesk block srjuments are the game 25 D0
spocifyling macee arguments {ses Sectlen T.3).

7.f.1 L.IRP Directive ,IHP

Feimat:

i1akbel:] CIRE sym,farygument 1igts
iropge of ipdetinlbe repeat bicok)

o BMLEY

whare! Tatbml represents an aptinnal statemont label,

MGTE

Altbhough 1w 13 feqai Eor a label Lo appesr
on 2 JMECHE directlve, bhis praceice ia
dicoaoureged, eapacially in thke oCcage af
nostnd  wmaceo definllklons, beczpse invalld
labels wor labsla gonstrueteod wich  Ehe
curncalenaltlen eharacter w=ill <awn=a  The
paora ditective oo B Ignofed, Thisx Tay
result in irprager teermination il LEe
panre dofirftion,

This WOTE mlisn applizs o JTREC &né JREPT.

-3
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MACRQ DIRECTIVES

Sy repreftants a dummy argument that iz replaced with
svegessive real arguments frem wWiksin the engle
brackets, If no dummy argument 1s spectified,  ©he
IRFP direceive la flagged with an error code (A)
in the as=zembly 1lsEing.

' reprosents any  legal geparetor  [comms, sSpaca,
andsor takl.

<argument liats tepresentz a List of real argumentz  enclozes
wilehin angle brackets that is o 5e used 1= the
expanslan of the indefinive repest rangs., A real
argument may conalat of one or more chorackters)
rulblple argumenta muzt be soparaced by any  legal
BEparakaf cCcomma; Space, andSer tabj. IE ne reel
arguments are gpecified, ko sctktlan 1s tekan,

ranga cepresents the black of code to bhe rapeated once
for each aceorfrenar of A Terl argument in the
list. The range may =ankein ather macro
definiciorns=, repeal  ranges  amnddor the  (MEXTT
direghive [(s5e¢ Seetion T.L.3).

« EROM indicates cthe end of the Indefinlte rropcat hlack
£angs.,

The TR Siredtive is used to replage a dummy ardument wlkh suscessive
real earguments sSpeclfied in an argoment string., This replacement
progeEs occars during the expansicon of arn indefinikte tepeas olock
rFangje.

An examanle cf Lhe use o che (TRAP direccive [5 shawn in Picure T=d.

JRPC

T.6.2 LLIRPC Diractive

Pormac:
Mabel:? IREC  sym,d5rTing:

(rarde of ‘ndefinite repeat blook)

- EMM
whera: label tepresants an optional statement label (see  Wokn
in Section T.h.1).
sym repregenls a dummy ergunerk that is renlaced with

Bucceasive teal arguments From wichinm the angla
Lrockets. If ne dummy srgumerl fe specified, the
LTRPC directive is flaggec wWlkh am error code [8)
in Lhe asgembly listing.

= R e e B T R D L, T T e S e m— — S
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BACRD DIRECTIVES

' represenss  Aapy  iegal geparator  {(Ccomma, Sspoce,
and /ot tab).

¢atring> represents & iiat of charzcters, enclosed wlthln
angle brackets, to be wsed in the expanslon oF Ehe
indefinite repeat ramJe. Althouglh the angie
brackeks are required only when the atring
gankslne Beparating chatgsters, thelr uee is
recomnended Ior legibility.

range repregents the block of ¢nde to be repested ance
for npazh afcwrrence of 3 character inm the tist.
The range mway contaln macro Jdefipitlons, repezt

ranges andfar the JBEXIT directive [see Sectlaon
.1,.30,

. EMDM indigates whe end af the indefinite rFepoat block
canje.

The .IRPC directiwve iz awallsble to  permis =imgle  character
subutitutton, rather than srgument cubstitution. Ok eaoh iteratien of
the indefinite repeat range, the dummy Argument s replaced with
eccegalve charackters 1n the apecified string.

An exampie of tha use of che .IRPC direvkive I8 shown in Fiqure V-4,

1 TITLE IEPTET
F
= 38T ME
* ik
= P T1iyslrate Lhe IRF and o IRPC dirsciives
& J by creatina 3 ralt & RADED tabiles
’ F-
a
g Jhdmhd REEY | I%F BEGsSPEaSF+REsRArRIAsRErRL s RG>
i1 «RARSH  SREGS
1% ENDS
pho@an 2521709 RADSG  SPES
podas2E oFdI02 «RANFID SFEBPS
nAd0Ed  OFIFTD RA&DFD AFRES
poaded SFI230 JRAabS0  SRAS
@t e OFZEID ZRAEAD  JSR3S
paYREYy OFZEDD JREBDZO  SRZS
pondps  O72EI0D JRAHDED JSR1S
ppadid 0?2450 KADEE  SRES
12
13 SQRnad REGUR1 .IRPC EUL PR SRR b
ia fRAMED SR HURS
15 -ENDR
GoEcE] erille RADMSD  SETS
09apEd  A7IDAQ -RAESD FR&S
NS Rd  OFZFTD JRAEID SRS
poeoIs  QTFEIDL JRAMER  SRAS
FASIE aFZ&EdD EAB3Dr SRES
gABIET  DFZA0D ~mADTE FEZ/
reasd4  AFIEID RADED FR1/
BRAnIL  CRI4ED TRADES  FROS
1s
17 gl +CHT

Figure 7-~% Example af .IR? and JIRMC Dirvectives
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7.7 FREFEAT BLOCKE DIRECTIVE: LREPT, .ENDH

MACRD DIRECTIVES

REPT
-ENDR

Pormat:
[Labeiall -RE [ M
i - 2t 'l-\.l TR
ranje wi repeat Hlaoeci)
» FHDH
wher=: Labwel reprezents an opllanal skatemecke Iahel  (see Nate
in Bpctinn 78,11,

REE reprasents  any  legal exoreszlan. This vial e
canbrols Lthe number oF ©iwmny the Hlack of oode is
to pe nssembled within Loe orogeosm, when  tho
axpression walus 1s lesz  Lhsn o° ednal BEo porag
(% the repeat bHlogh 5 aor cssembled. If this
CHPEEI2 10T ig wnat 20 aksalube warue, the JHZPT
statement iz flagoged witih an <s@ar oode (A) Lo ke
aazembly Lislking,

[ange raprasants the blogk ol code to bBe pedrated, The
repsat Lleok may Sarkair msern definiciens,
ingelinlte repest bBlacks, ocher repest  EBleck:z
Aancor the MEXIT dicective [s2e Seclion 7.1.30.

« EWM intdficptes the ernd ol the vepesl bLlock range.

ar
« EHDE

The REPr Adireatrive
Gdinbet uaf Glmes, in

7.8 MWACRO LTRRARY MOIRECTIVE: .MOALL

iz wused to duplizoate o black of code, & cerlain
Tine with other sauron cedae.

MCALL

CROALL ST, 3002, .., AN

Farmayt:

whiarm: aral
AEGE f e wa
Eran

rapresent thie symbelic ILEmes uf  fha onecen
delinitiens eegulced Lo the ausembly of the souroap
Fraqrsm. The names mosi bDe gepaated by any Luegal
Sepatratar (Somod, spacs, anddor tanh .

s |
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®BeCRG NIRECTIVES

The .MCALL directiwve allasws yaw =wu lndlcaze In advence thase nyvsoemn
andfor wuser-defimsd macie definitiane that are not defined within the
source progtamn but ghich sre tegquired o assemble the program. The
JMCRLE directivs mast appear before the fi-st ocountzencs of 3 call to
any externally defioed macro:

& Aubo-Mcontl mede is dlganled (Che defauli]

(s

# The nane abf the macro bring calls=a fs pne of MACED'= peIRGanent
syrhals ar alreclives, such as SR, BRROR, or PRIKT.

The (ML switch (see Sectian B.7.,3) under REX-1.M  and vhe SLTRBARY
gualifipr (2o Bectich 8.2.2) under T25 &nd BT-11, used with an inpot
£ile ppecificetion, indicabe to MACRCO-E! that the fille i3 2 masre
libracy. rdditional secra  libraries to he  searched A2y also be
gpesifled I the MACED-ll oragrem ikself, uwaing the MATRD-11  -LIBRARY
diroctklve, fee Seatisn &.1d4.%r Sar # gesgriptien of the JLIBRAAY
dirzotive., Wher a masro onlil s encoustered i the seprece brogran,
M3 Te-11 firnt  searskes Lhe  gser macroe itlbeary [or bhe named macro
deEfniticns, aad, if rroessacy, conitlnoes the search with  khe  syetbem
meaTn LibrEry,

Ary rumber af such whier—susplied zaceo ciles may he  designaznedn, Fer
multipie iibrzry files, the search tor the named macros heglins with
the lest suech file specified. 'Moe Filez are aearched in reverse order
nntil thnn puguired 2acrs &efinitiens are found, flnisking, 1if
neceasary, with & sear=sh ol ERe zy3atem macre kibrary.

If any named macro iz not fawnd upon complekinn of  the eearch, the
JMORLL staremeont 12 Clagned with an ercar code (O in the assemhly
iigripg. Furthermore, & statement elsewhare 1o kEhe =Source  program
thas antemphs  to expand  such an wadeElned pacto iz Elajged with an
eyrur code (&) i the assembly listing.

The comesnd skgings Lo MATRD=1LX, throogd wnich Elie specilications are
gupplied, are described in detail in the apelicable systen manand (See
Section B.3% im the Proeiace) .,

7.% MACHO DELETION LDIRECTIVE: .MLRELETE 'MD ELETE

"r

crmaks

CFOELETE naFel,named . oo ,NamMER

whare: manesl, reprezent legal maocra namzn,  Whoen melilple
BEMED .. momes are specified, thew are separzced by
nainsn anv logal separabler {oomna, speas, amddor oei) .

The .MOELETE direcbiwe deleces +the definiklonz af  Lthe apecitfied
macrufz), Lreslng wirtpal memccy., If referances are mada wa deleted
mAnIas, the tefereactipg lice i Flegued with ah of2ode §2) BIFor.

An exampls of he MDRLRFF dlrective iz shown boelow,

LMELETE LEXIT EATTHE

I ———— e LRt R B PR







CHAPTER 4

IAS/RSH-11M/REXN-11M-PLUS OPERATIHG PROCEDURES

MACEI-11 azzsembles oroe or mare ASCIL sourees Files centaianing MARCRO-11
statements Inke a single relocatable bimary chiect File. This binary
clhlecs File contains the cable of zantents listing, the assembly
listing, &nd Lhe =ymbol table Ii=klng, &n cpticnael croga-relference
ligting uf symbols and maaras is aveilable. B sample azsembly Jisbing
12 vrevided in Anpendix H. .

B.1 HEX-1IM/REX-11M-PLOS OPERATING PROCEDURES

O RRX-12M  and REN-1IM-FLI3  systems, Liwey  wommand  lanousgse  are
aval abile: “he Monitor Consale Roubipne (MOR) and the DIZITAL Command
Lanjuage DCL).  When ypou log enbo the system, You  are glves rpither
MCR or DET as cthe defsult command languacde., Your default command
1;I‘I'-':|UE-.E|'E iz fanbktalned in weeur acocount File,

By typlng CTRLAC ("1 frem the monizer premps, Yoo can see the
explicit prompl Ler Lhe command langamoe wven are currenlkly uwsing,

A

KCE >

Ynu rcarn switoch frem cre cammand langosys te the cther.  Ta switeh frem
LEL bn MCH, typo the fcllowing cemmanc:

LEL> 25T TEIM_Kal MUK
Tn nwiteh Sroem ¥COR Lo DCL, Lype Ehe Frllawing command :
AR BET ADCI=z:

In addition to ewllshing [rom ane command lanquage ©o Lhe orhor, Vot
zan tyops a DED command from oz torminal set Lo YOR, and an MOCR commatc
froem o termirsl sel to OCL, 28 shown belows

MCR> SIS cmd-s5cring

L mon omd skr 57



IAS/RSX-11M/REX=1IM=PLUS OPERATING PROCEDURER

8.L.1 Tnitiating MACRO-11 Onder RSX-11M/RSK-L1IM-PLUG

The follawing sacticons desaribe these MACRE-11  anerating procedures
thar apnly te bBath cthe Menlter Conscle Rodtlns and Che DUGTTAL Commanc

Language.  Any one of the four methods shown Delcw may be emplaved  to
inikciate MACRO-11.

B_.1,1.7 HMecthod 1 - Direct MACRO-11 Call
MCR Format:

MR 3 A
WA CTd =St EinT

The Monitor Console Routine (HCOR)  acgepts MAC ag  lnpuk, causinog
MACRI-11 Zey b Adslwsbed, Slhce 3 command gorisy is not prosent with
the KMCE line, KACRO-11 then solicits ioput with the prompting sequencs
MAaCy snd weits  for command string input.  Aftor the assembly of the
indicabked flleg has bean -:::mplnel-.e::‘., MAOCRS=-"1 E-":Iail"l Ba_icles  command
string  inpot wilth bhe MACHR prompiieg gecoasnce.  Thils process will an
cepeated antil CTRLAE (74 is ontpred,

OCL Formalk:

DL MACRO[ fgualilflerisl]

File{=s)2 =11 espen aqualifizrsl ..
OCL accepks WACRO as  inputb. T  addlbiaon, wou wmay inclode the
qualifiers gontained in Table 8-3. Since no file specillcakians are
lacludeld] In Fhe TO0 comrand Tlne, MACRO-T1 sollcits inpnt with the
Filei=]l =orompt. Yeu can then enter the name af one of Tors Sour oo

Ellaes pias any of the cwualifiecs Tistad io Table 3-4. WwWhen vyou presa
RETURM, MACRI-11 perlorns “he assermbly.

d.3,1,.2 Method 2 — Single Assembly
MOH Format:
MCRA2MAS cme—string
AL Formats
ACTr MAZRD omd-sLCring
Tn method 2, no prompting Erom MACRS-11  wofurs, simoe the  comnand

snrirg input is ipriuded in che comzand Zians. MACEN-11 cshen assembles
thr source £iles in the command string and 2xils when Firished,

A.l.1.3 Hethod 3 - Teekall, Run Tmmediately, and Remcve On BExill

Formabl:

DRI TMar
MAC>emd-5Er ! ng



IAS/RSE-11IM/RSE-11H-PLUS OPERATING PROCEDURES

Thle method 1l UBed whgn ERE MACRI-11  azsemalar 1o Aok permansnely
installec In Lhe Sysciem, T RRE=T1M, Lhe awvatem must e gqenerated for
this type of evall suppert. MAT is run from the syelen direastory.
KACE2-11 pallicits vommand string Inpuet. The command stilay must hove
tae MOCR format even if run from 2 DOL terminal., When MACRO-11 swite,
ik i85 gusareeical 1y rémalded Fram Ehe sygter.

TF the syatem has the "tlving Aestall"  Festore,  the RON & aslling
ratmar ia not reeipd,

2.1.1.49 HMethod 4 - U=sing the Indireact Command Propessor
MOR Foematzs:

MO s
MACSEF ] puun

or
MERFMAC BLl1legpec
G

Mo RN SKall ure=lg,m]
MACHAF I papan

THesa farms uss the indivect <ommand rprocessor, which effeclively
avcompl lsfees kEhe  sobebllbacice of  "Pfilegpec"  Efor the "cmg-stering™
input empleyed In methods L throwgh 3. In these farmats, the indivect
cammand  processer ls passing commands to Lhe assemblar,  The file
specilied ns "RSilesaez? containsg MACRU-11  cemmand  steings. Erfrer
Ehis Files T opened o Commarnc tires are read from Ehe File oas-il che
snd-cf-file iz cdetected. Three pested levels of indireclk [lles  are
nermitcted in MAOCEO-"1.

MCR and ODL Forcak:
Pl ELllluesporn

Trege Forms use The indircot command processor to pass commands Lo Lhe

compAand langusagn, Traisi 18 fbka arly Form ywau oapn guse wicth DCL.  The
indireat commong file "Bfilespec" must oonbtain one 0f The command
linezs to lnitisks MAORA-11 as listed in me<hods 7 thraugh 3,

HOTE

MACRI-11 can be terminoted by entering &
CUHLS S fTR) at any Time o requesbt Lar
command string inpul la agresent,

£.1.2 Default Flle Apecifications

MACRO-L1 accepbs as Input or creates a3 cutput up ko six tvpes of
files, When using the MACRO-11 assembler, you shoewuld keep in zind the
defanlt device, directory, tame, and Lypes listed in Ta4le 821, Table
d-1 lists the calauwll values for each Fils specificacion.



[AS/REX-11M/RS¥-L1M-PLUS OPEHATING PROUEDUREE

Tahle E-|
File Specificaticrn Cefeul- Values

Netainlt Walips

Tile Device DicecLoey Tilenamnp Ty pe
Object Your defaulz CLETenL Kung LB
File valuame
LiELiﬁg Tooaw doo Lamgerd ]ifnntn[y Kone LET
File for abiecl uzed 1n
file obiect £ile

Sohlip e Your debaalk Derrenks benr N F- T
FIlees ool nmi sl Tor

=L I gl

or devw ne of

lagt =zource

file =peci-

fied
USer Waur delsult Currenk, i mMeong LB
Macro el ama macr: File
Library iz snepified

first; if not.

glircatary of

last source

ftile
Swstan Library [1,1] RAXMAL EML
Faoro Govice
Cihraty
Tndirocet your Sefault Turcent Hons LMD
Ccmmand volume
File

E.l.3 MCOR Command Stelng Format

In respobse Lo bhe MACH orompblng sequence prisnted oy MACRD-11,
the autpubt anc inpul Elle specilicalians in Lke Eorm shown below:

MAC» cojech,ligsting=grcl ,Qred , oo S0

whers:

chjecL represents bhe binary oblect {(oubtpul} Lile,

listi

srol,
SR,
sron

rg cepresents the aszembly llsting  [outpub)

containing the Ekable aof aontentzs, the asseslbly

1lstieg, aod the symbol table.

separates cubkpot f£ile specificalblons from
File specifications.

represent khe ASCIT scurce (fnpob) L[lles
P containing the MACRS-11 sour<e orodgram ar the

user-supplied mackro library L[iles Lo @e assembiled.



[AC/REE-1 1M BEX -] IM-PLUS OPEGATING PROCIDURES

Mrdw rwo cutpot file sgpecifiloabicens in Lbhe cosmend stping =311 he
Focugdhlzad Dy MRCHD- 1 any mors o rhan tee surh Flies will b igmered.
Mo limit is s2t on the nepher of scoroe irpput Files, I bhe eqtice
command  =tring ia Ioedger Lok TR oV soiler s 7||.] Teng thion or emdal Lo
132 rharaecters, 2 hyphep can Gz placed ac the rod of the firglk line as
2 aontiauatian characler.,

=

-
a
[

Eonul: specifivacion in @isher ol Rjie oolpal [13e: #msnifics-ign Fields
gignifiss that o the associatsd outpat “itle s neh desized. A null
epecificvation in the fnget filla fleld, bowever, s ap =vror mandlifian,
renulting in L @meTocr [ AT PHMRL - Tllanal Lilempmn™  on thin
coemmand sutwst dewice (seoe SZeoobinh 8.0V . Webke  bBhut thoe  sbeence of
bolkbn  the devios nase devs] Fnd Lone peEme ol che tloe (Filanamc.bvpal
From a File Spepificabking 00 the odoieslant of & nulld .-jr-n;;-:',if'._r:lr_'_nl"l.

HOTE

When o J"L:.:r'.'r'-:_:| Fite fu  neecifiod, Sy
HFsars ondeopptasred Lh ERES Sougol pf:.-:.g.'z.-fu
are vrinteld on the torminal frem whaiczh
MACRO-17 was lndlrnistec. Wiein the SR
Switon Lo, Likeqc] I n thiz Lizhing fLLe
speciflicaclion witooeut  an sogjesasnt, the
errurs and svnbol Lables  are cubpul Lo
Ehe 1Ile spes!§ied,

meekh fiie specifigatisn oontaing tho feilcwing Informaztian:

Eilezpsc Jawicohivzias oo,

wiie e fi]qspec iz tAs mrandsrd Sile ‘:TIﬁﬂEFi.‘:H:‘iﬁl‘..
Jwwinah Taaresanbs &£ AEOAT SRt Wlensifywing ] ol fimh
aobian, This  switeh option may be speciflfied io
4

thres Yorms, za  =h
fupatinn vﬁFlrF

Wy belaw, davending o the

Ll

Sawlceh Invorer Lhe gpecilbied awinel
actinn.
Jrobwt bel Mayjares the specified. switch
antion.
Aeswlich Alzo reTahes tie specifie
switeh agbige,
[

In sddition, fthe switch identr1fier may b=
accempattled @y oany ramder of the Eollowing wvalopea:
AZULT oheynetsr steinge, ooenl nopbieres, nr decimel
] T The d=lawll aszweoctiszn 210 & numeric
vales 12 gotal,  Decimps: walines Susk be Eal Lawed

oy o decipal polacs L0,

Aany neamarde yvalce precsded b oa number sige (§r 1
regarded a2 oan e2Rplicif accal Jdeclavatiany chis
autiap Ly provided Lor doecumentaclon porposen 204

Testy iGentiflicaeisn of ootal walued.

Aime, any mumetis value can be preceded by 2 plue
sign {47 or a ninzpne (-} =2ign, Thoe weiaih v
spenflication is bhe delaalt aufsmiuTian, I1f  am



AOAREN-LIM/REN-1iE-PI2 GPRERATTHT PRACAIURDS

expplizit ortal declarsticon e speoiiiod (), tha
L ivadiestor, i F Lrcl e, Waesin oarmoedse thue
3

AHLb owwitaoh waloers musis bo proceded bwoa Jolon (il

The swiLzlh spscificacions are iaterpreieds  in the
cantesi ot the progvaln te which bhay oappliy, The
dwlkoh  oppiions apul joshle - MECED--1 L EN e
dosovibed 1i Tools 8.7 polaw

gtestsd g the commans eizing  caunes MACPD-11 0 Ta
Wing pETor TESSHOG L0 TR oemmand ounbpot dewioe

MAL —- Cemagnad BynRTax 6Iror
followed by o copy of bhe wobtleo cioamamd string,
AT assoninLy TR, vol Ay want o bn o ovorrcide Sefcaip RPacag-ll dirastided
EREIIT NG in the scuarzse  prajqram or  to orovidse  MRARCRO-1L with
Enf

orEat inn i—.::'i'.:-|".|5.l;:i':i||-'; Vit Sartalp Slles ave b bee praed?ad Ay ing
assembly. You San Jdo =25 theaudsn one ST maro Swibchss, whiion may ke

delactiyvaiy  lovaked 2= Gumdinlonal LR SNE LS | aitit fiip
spruifinzartion. YhE o oavallablo swischos Sor o oase in FeEounc 1l Fils

H:?i—-:ifiﬂ&;in:l.—'} pcade R&!l:--l_'l'l'l.-'.-ch_.-:--_ IW=0idds ace izopd in "alble B=2

Mabile -7
MANRG-"7 Tile Specirlice-les SLitopes

- —— . _ - N
Bwiton Hyneotion
e fmetem settm s mmtmm = arme .+ smme + wm mim s miees e st sn smbn ss =i s s e s e e S mm e = = oo b it St . e S0 e it

,."'L.]',:dt'g '-_'.lr:‘.'l:nl:'r LN Ea *-\.'ult-"_h.--"" liase -'_Jp!'._:'":r" ek
AELars AEDTT Awileh walues (arg) uwhich ave nq”1a¢lent
in function  &mdl  name e oann owese tdog the
ol the LJLIZT &and  JHLIST Jdireciives
in Lub STures  program {dce Secbian
Thiz switen avectides Lhe sraumunty anc
TEmMDIGT i -ffEﬂt for  *tha ennife  assembly
PrGEs.

FRMEET Functlen asnttel switolag: thase apkiaons aonrapt
AZiaes A Il switeh valuws darcc) which are  eguiwalenh
in funekiarn  Ane Froas®as ki gl nWerricda Froe
argumants: af tha ,EwABRL  and  JOEARBEL dfirestives
speritisd in the mcuaece  wEagram [see Section
.20 Tris switeh overriies the arquments and
Tanaing i oeifecst Eor  the enfivre azmezbly
Proacesd.

JHIL (sge wotal The (ML zwitech, which fake= oo accompopying
awliteh  wvaluss, dpdicskes to MAGCRED-11 1Lzt &n
inpeie £ile i1z & nacoo library file. Az oected in
neoLian Taly A MarT e that iF  Gefinsd
cEfernzily mMusik e Saeptifded in he el L

fwoe bhefore It can e jaltleved Fromon

macrs Aibrary Zile and aseemiblad wilk  $he ouer

B g i . in Jrca Loy pracTe derfinitions,

¥roRO-15 Inltlates a fived sesceh algorithm,

L el B i P A B B ik PR e e S P ey e e L ] L L T B G TR Y PSR R PP ST S TR e W e

ronLLeed o npxt __L:-.]r':_:_h:l

..\.“._.-'

i _
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MATEN=1L Flis ! e b My ichieees

e L e

S —

wikal

SEL fdank) Resilaldg Wit the  lasr usay HET R A B Liie
speai Fied  conblinalag in reesrss arder with each
wunk Fite osmooliiang, Sho terilneting, i®
RT3y, LU0 ¢ Hesgon of the =vRLel macrso
Vitraey file. [F 0 reuvlired macrs Aeflnleizn is
oy et umilt ceanpastinn i fhRe seacch, an
erralr omie 220 rooglan in the mesoenbkly Liscding,

trmro oo opwer matreo llbvary [ile musi
ic the gommand | inn ar by u@hing the
SATRO-1T _LUBRARY fiireckive (mee Seption n.ldLL
priue ma thr  zoores Ciladal Lhet  ma giEtres
dolived o The Licrary T114,

deit nob ore-sren the sormand Line  Loc
ibraries: whan B osow saurose Fila i
3 HAECEOR th= LEeNT ingu- Til
e Tian, T tesT  flle  =mpacificanio

_“

. A
anTislag bha SHML o swlbtsh, in s appended  ha ER
Lroent  of kvhe dlibeary £:Ic Zizc., Rs g reaulr,
g omagro Liprary Zile mmsl be speatFfied 1o sho
comsand dline  frIzov Lo nhie s=guroee files which
raanirs  Lb, 1n oo s Tz lve MAITS
defiiabd ._-|..:.

F.ll".'-:ll'l.-_ll

Fop 3 P R ].Iﬂl.i.l-:g sakeat Eofaalt walaer .
SHOGE o TRt e PR R HA A TR

SCReTave) Fraducs & oroas-relerence listing  (s=e Socpion
oo

TRl e i e e e e e e e ey - g =E " ¢ B P T = F Y m" s et e —————

switches fur Lhe obieor file sre Jimited o JEN and JDE; WhEn
mpeciiieod,  thay EAppiv  tufcughoas Bhe sntire sommand b*r*n4 Tainek
cpliong foe the llallng Lile are Jledoial ta fLl, FHL,  FoF,  FAUR, atid
SRR WA kohas oy inper Silen are Limited Lo SHL, STR, and OB

Lhe cptien ML anwpliss only te the i ammtﬁia._lu Cprioogding tha
cpilan =0 spesified, wharsas btha JSER ond S5 oprticns, o5 noted chowve,
era sisao applliaosbls te wgbseguani Elliez iu cbe compand sbviog,

NMLTiRLE Goourranres: ol the ssme switoh Foellowiog » file specilical low
MIBT D oEysided, bonausc The arcompanyving vodunes of 3 subseguent 1ise
Awrteh specification ovacride any previc caligs . IF two
such  switch e pes  aps desipod, od ip the farz
sbrwl)] Below:

FLLiBRC cMPR
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£.1.49 DCL dperating Pracedurrs

BEE-LIMAREN-LIM-PLUR indicebes fbs resdiness to aocept  a  command
Frempoing wikh  =he DCL prompt,  Zn cesponse to the promobt, esber t
command akring in wre ofF the Eocmate shown beslow:

PMMCRO | fquel lLiers]

PILE?  Iileeypiec| fqualdSTvel 2] ] T, Ellusvee| Aandlifier[51] vl
oI
[DCD] =P [fquaT ifiges Silaspec Amaaliliaer[s]] |, FilospesAqunlifier[=2]] . ..
where: gqusliliers aflfect =lther the ertire command EET1
L onnaa qualifiers) ar Ll Ellpsn
(morameter qualiflers), Sec Table 8-3 Far
dascripbior of  khe comrznd ogualifiers a
Tabkle B-£L for a descrinbion ol Lke  parcamet
gualifisrg.
Eilegspes s the stoandard file specilication  shown
Yectico d.4.
Yau uge kEhe comma (.1 to separate f[ile speciltlececinons, Mario-
concatenabes all kbe Files and thon periceoms the assembly.
Table B-3
et Cammang Jualifiers

oy
Le

g
(e

nd
(14

in

1T

cuelificor

Funstion

FINa1CH

055 REFEREWCE

SOEAHTEar
JERHARBLL:2rg
ALEABLE: (819,40 0. )
JEWBEBLE: (arg,aEg. ..

Ergumeni

BESCLUTE

SUppEesSes oY CRAEERTES k=
crass—-reference listing  (=see Secticn
B.3). When the cross-reference  is
denerated, Zizting [ile i alse
generatod, ther ar nal Ehe FLIET
qualifier presant  in the command
abring,

E
whe

iz

ANOCRCES RETERENCE 1s thie default.

Lae (DEABRLE nr  «EMARLE
assnmbler directivea 1n Lhe source
arogran.  When nmorne than one argument
iz zntered, arouments moest be enclosed

Dvarrides

-

in parenthesas &ndd separaced by
FOTMag .
You fan specify any ol khe  fellowing

arjuments
qualifisr.

with the SISAZLE ar SIMABLE

thiz functian causes all
addresses (address made
azsembled as absolute
tadirozs mode 37,

Enabling
relativa
RT] o b

nddresseax 1

-

rrontinued on bext page}
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I
uaitiinmg

FAOTLITE (Onps 0
AU MIALL

= ITMALTY

CANG ZFOOMAT

MaTTH

CARST

GLOARD

CEERS TN

Flpe

. -
Fr mot=alt, th
P wdimitied,

[

[t

FREOCEOLRYE

e =W R [T TR S

Tion

£ ATTLLY

i aroument

Tnabling The ASTI FOALL arguDent
SAUSaE  FACRG-]11 e searsi; 2Lls
brown mange Libracsiesn [ap 2 Tanco
detfpibion “h&t s mhoes Ay
L d 3 -aeed ..-.'ml:_:- l= amp |_|_-1.;|.:'_,1:7; in
T oanads field of a MATRME-11

b=

Lananpi

itk
fials,
upee i1 e
de'F'Fﬁ the
Al

'-"JJL

the

ralag,

Th

el this
Ll

farma

T
abea iyt
FILEE-11
gy dzfouli, th
Iz adlmehlicd,

=

faaction
ol

-

line

e Rt

53

Sy defanlr,
mryumerl is dl

the
the

Enanling
adaked

sEsenbly dipsc
TTT b

BENSitivE.

iy P2afapls o
el ey merse

Liszbline

MECRS-T 3 =

svabinl preforen
cofe fUr oam o Ltn
Gy doteualt, th
=2 enakled EL;
0] !-T.::.r":-.t:i:. FE
e megd R f

drTault alobal
e r——

*';-.':rh':m-"

CRSE
MATE-1 1

L] ot e i
ot |'||_.—1']_ Firmds &0
in o rh_r\-r:r_.r'EH
iarcs o U]

r., L] 4
L] kT
depanding  upan
ey D

I
a
%
<1

At

flmcElon Srafizees
LREE autnygT in
t.
e BTIWALRY  arguit=ns
wher araliod

!
Y3 through

COolimEinn .

=

[ I

CaR: HMaT

bl

[ T R
i
1T

a5 gl
difinnsl
tlves (R
ipnanetically nmoge

dirsctives

aRUEES
T all o oundstioed
with dn  Prrier
gaemhiy listing,

GLOBRL  argument
MRpOno--l]l Treace
nre asdefinad ze

samnly DISA 1 As

EfETEﬁuﬁi+

o
st
e
1

e e
ime 1-_,,-'. f

T

next paas)
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Trhze

T

LIGER A

REQY SRR

GEETH YT Ou

TAUHIETY Y

o e e e e e e e e e P B

13-4
L T T T

I:l'.f-:'tul:.l'. -1

canlifiers

Tnabkiing Ehe LiTAL s uitasn b
dAen e sssemblier o breot pil

ERTEs
pmosls as lacal  avimbols, Wi et
E‘.Jﬁh.-l.i.—-"il =L ygrighel ::-I.rr'l.ﬁ,'!.'_'. P
Lagyad  wirh  the U fandefined
EVMONIY urrag meETEYa,

My Aelan’ o che LR srogumenl 1o

Enakliny tniz fenosior CHUBES
HESRI-TL [ ER H T Towor—-oann
BOOTT oinauc.,

i H-El!'.-'l.;rl'.] Ll Fumatioms Lausps
Fallpu-1L  *ra  oonvert logsrecagas
BEOII dnmel to Gppetesass.

By caFauly, che LOWER Cavas

arcumonl Lw oarsbhled,

Glaatlips whis  fenction  ©3usos
MATKO- 1L ko dgnors  the  pocmal
roxiarer cekinltiens,

Ny detanlt, reqgigter deflindlklans
SioAnables.

When chils  Lupction 18 ersabaer,
MAUED-1L  wariprms fimacling-point
LrnnaEtich.

Wrean chils funoting g Aizailed,
MREZRO--1 L paricsma PFleabing-vpoins
vadnzilng

vhu TR AT TN Erguiment I
vid by flefagle,

prankinued on nsEt podged

i-H]

T

et
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Tebie 0-3 (O
T oCommand Ju

e e o o b b e . e e . e e PR L
Mgl 7 &= 7 - - H .
Faad i E e Fonges i
—\.'F——!-.H--I—ml--h“—h'\.-hr\.-l."“ll"\.l. P . . e B T rT—— | —

SIMCILIET| ;filesmac) Specili=s wheither vy ol Lie azsombles
ghiculd  eveabs  awd wrint & 1larieag
Fila, Yoo =21 incloade  JSLyr ao A
gualin ey Fiatr ailkay IR PY TIC T FEFC R B B
Fifie spocifiontion. Ic LIGT
i the  coomzrd,  Lha  Qisding
ath apbarsd Lo veor divests
L .

r-s
slng oL eyl alt Lrve 3 D Al Ifrge, [:r
L G incl;ﬁ& a fils=
aneoiiiozc Erg liaelng Lile has &
vt W lE ranen afrar  thc
Tast T b ¥ECRD crmman,
The listing Flic connet o I Fibrary
Filexe  47%e LIME rommand aml all sthes
lEEg'..EI-':]-E- SuTrArts o unl mhg meme o pf o Lk
firss Z2ile mamed in the conmasnn 22 whe
delfoult Liie pane,) TE SLTAT gquel Fias

wr
r
1

e owues  ficscion, the file is
el berad in gy ocireslory Lol 12 non
Brirced o “hie ing  mrinzer, b
listing £i1= .fﬂ: sediivnd owmF bor TR Filun
T duatl iy

he delavic iz ANOLTET,
SHOLTRT iw Rhre Safacin oquelifier,

ATl oslsrTifilespec] Tné::JtEE wnethar or nob Lae azsembisr
L eAtE AT ERTash Madagle. TL

?GH (efal TR Tnrlodc a fila
srecaFrosslor e Ll oommand Y ine, thw
agsesnbler crashes an obhijeck Fiie with

L mars Dile rdamia g EMe =opreoe 1i7a
A AR DS exvenslon,

A8

[EH

LT o bhs el qualifier,

STHOVSHOW a0y Dversides Lhe P IS and CHILTEY

ATHOIEOW a0, 308, 0 aszemnler  diracrives  cheb nay f32
Iecbiudard 1o che sourtoas Flln,  youooan
LHEs aby s e tovd Livaioog AT LAETIL S
wlls bivee FOICE Goallfier.

BIRETY Tantrole
arpaneEion

1=

Ll
-
Y,
v
i
il
-
L

iin
o

Lt |..|

ot
L
.

v

1

arl

i LLE idmtrels isrina of munove celils
and TELEsh ARG crpaongicng.

founniansd on nelc paire)
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Talle 3-3 (Conpt.ld

L odmTmars Duslifierz

LA R L L L Ll L o, LN L LR P

Cualifier

Fubek!oe

MM ERT G

CONPDITL R LS
COUTREETS
T ER

LTEFZATTIONE

A R R N

By
3
m
i
ra
b
L]
Fa
[N ]

i

LT mG_LIERCTIVRE

OBJECT ETRARY
SROMENIN WOMBIDRD
SOURCE

SYMBOLS

STHUTHIDE

F T T S

Jopbralz Lisiting ofF cumments.

T of  aapsatigfisd
1

Contrals lizting of the rvanlis of
sankants during ansenhiy feas 1,
Mantpela Jizeing of  Ehe  currans
Tesmbicon ceuntay Fielid,

ConITols Llating 2 E FigeEn
definiblons and CRLERT  CEnae
GRpArSInns,

TonTEol A ]jﬂﬂlhq [E [HECRa g &

SERLLEIE NN T,

Jontrats Limning a aincey
A T A

AR
fankzals Tisting uf o aisting
Tartral Sirorrivas withoag
aygqumants . bhEc fag,  dired: fvoes
thot alzor  The lisking  fmes!

nf The gqoperaterd

Coptrats ligtina 2 smoures tleo
SR IVt TR (TR EER R

Zarkrala Yisting of sourre 1ines.

Torkrals Listing of  tne  symbol
Eran toe

Laala resualting

annumbly,

Tl ciesd [ R, = i
proanread Hh i 30 o
mal Lo SEOEIPE, Rae LOorlog
v RS Ao lniniy Teeemor . TR
datgale gusiitlos,

S S S -

TR P P E N

o

S

N

;’h:l-’.



[AB/RSX-11M/A5X~11M-PLUS OPERATING PROCEDURES

Table B=4
LCZL Farameter Cuoalifers

oualifier Funcklan

SLIBRERY Speciflies that an input Zile 1= 2 macrn lihrary file.

The assembler arocessprs the files  listed i =he
command  line in reverse ctder. Therafore, o library
file capnet be the last file in Lhe commanc line.

9.1.5

L

MACRO-1]1 Command Btring Fxamples

The (wllawing comzsnd slelngs  assemble  the  soures  Fils
FILHAM.MAL Intn & relocatable abject module nomed FIDKRM. ORI,

MCR> MAC FIDKAM=FILMAOK

ML MACHD
FILEY FILMNAK

oL MACREN -"l Lo

The  follewieg crrmand  strismgs assemnals the seorce  FIle
FETLMAM, MAL and Fraduce  an ubject file with the naze
TESTA.OGT.

WMOHF MAC CESTAsSFILERMN

LOL> MACROSORIZCTSTESTA FILHAM
The Follewing sommand =Lrlngs concatsnate  arc  assmmble  —he
sagrce files npamed ZILMWAM_MLE, TRESIA.MAD, SEAMNIMED . and
BHELL.®AC ané sreats an obh’eck Fi~e pamed SNELL.ORT,

MCR» MAD SHELT.=FTTHEM/ ML, TESTE  SFAKY, SAFT.L

DOLY MAZRD FTILKAMAT. IRRARY ,TESTE  5FARY STNELL
The follcwlhg zommeand strings prodoce an ebieck modale azd an
azsembly  listing. Any LLTET T7M nr LIST COK cireccives Tn
the source £ile are ignored. The llstling prodoced oy Lais
conmand  has oo coemments incloded  and iz orinted in owide
farmar.

MCR: WAC FLLMAN (PTLHAMANL 2 TTM: COM=F TLEAM

0Ty MACROSLISTAN0SNOW c COMEER TS A 1 0E PILNAM

=
1
-

Ve
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£,2 LA MACRO=11 DPERATING PRDOCEDURES

The [allowing sectiene deseoribe these MRBORA-11  aperating precedores
thzs anply exclusivelyw to the [AS ayntern,

g.2.1 Initiating MACRO-11 Under IAS

The MACZOD command, uged under IAT, zouses MAOZO-11 to assembls one  or

More ASCII  agource files oontaining MACRO-11 snrtatement:s inko &
rnlocatable Einary nbjoos Clls. Tlhe assemblesr will alse produce  an
assemnoly listimg, Iollawed by a symbal Fabls  Jiscing. )
aross-ceferenne 1isting can alae be  precdoced by means  of the

FORCESREFERENCE gqual ifier [Hoe B3, bBelow) .

Yoau aan inpot 4 WERCROD-17 program either directly Erom the terminal
{interactive mede] cr From s bakoh Tlle [aster model, For lokersctive
Toe cas Lhe MACRD comcend which can be Issued whenever the IAS
Frogram  Developoeal Systen (PDE) i a2t oommand lowel, a conditlon
glgnificd by the appearance of the promok:

FOEx
Frr batch mece uze the SMACLD commaond.
When kung assambldy 28 complebec, MACES-11  Cerminales operakions  and

returns cenkbral  to PRE.  (hefor Tnoothn LAY User's Guice Ecr further
informaticorn abkauar interzotive and balch mode aperabinns.)

A,2.7 TAE Comsand String
Formabns
Interaclive Wodes

inmut
NS> MRCRO Jqualifiers filespecd FLISRARY +.,.

or
PLS> MRECRO quslifiern

inpulk
Lze? filespee JLIBRRGY —...

Satch Mode

inpuk
SFACRT Ccuallilers I.i;&.-'.l.'l-_'l_' FLTHRARY —., ..
wheoero:
inpak iz the specilicetiorn of an inpput file
filespec (see Eecticn #.4) that conbkains MACRD-T11

ZourTe bDroedras code,  ‘when the program
consists of muleiple files, a plus zign
43 musk  Be used Lo separate sach Llle
goezificerinr from thn nexs., T Terild
rared™ form oF a4 Fi7e specification 15
ek, allovwsd.
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SLIBERARY

gualiliers

astont
JOBTZCT [ Eilegpec]

AHUDOSIECT

. __El'_'L'pu.I;
JLIST [+ Fitespoc]

g el

specifieg that an inpet file Is &2 macro
1ibracy ftile. Likreey £Eiles hcold the
gefinirigns =3 artarmally de £imed
macras. 2 noked in Becklan 7.8, an
sxbparhaliv def L re macro Muatt ke
identified In an (MCERLL diroativae before
it ean ke vratrieved and assemblad with
thu user PrOQEam. Wihen MACHO- L1
encduntery an (MCOALL Aivectkive, a aearch
bagins fer the dAsfinitions of ths maocres
listod.

The mearch otder s l2porisant bheooaose o
macro might have two different
deblaltions in library £iles LIBL and
LIBX. For axomple, 3£ wou need tha
cGetinitiaon 1o LTRY1, Lhen you muodd placds
LIR1 wafkrr LIRY inm  the vomsand lins
DRCansEe MACRO-1I seatches the last file
gpecilliaed 1n  the econmend line ELrsb,
Ehen fowes hackwards throagh  the files
civen wntil aLil meve beer Sesrcherd.,

if & macrats dafinitien j@= net faund  in
any of Lhe files naged Ly the user,
MeEO0—"00 Auboisiticaly Sear b Lhe
EWETEm macro ':'ihr.‘:r'!,.'; if the dAoflinifcian
3% 3till nob found, an eryor code (3 ia
generated Ln the aszembly liscing.

apecifian wne or Rete ol Lhe followlnyg:

aroduces BTl object Iile ET
specified by filespec |lzee Sactian
.11, The defawlr iz a3 £lle wich
the same Zilememe 2= the last ramed
Snuroe [ile amd an JDBJ pEtenEilan.
SOBJREOT 15 dlwoavwE the default
condition.

ooes nan proeducs an chisst file,

wradutes an ssbembly listing fiis
acrcording o Fl'fb.ﬁ.*:pr:-:‘: I Spakion

d.4r TE Elipspen ig net
speoified, the listing 12 prinded
an the Line prinber, The fdafaalt

irn Ipteracbhlve morle 1 SYGLIET andd
iv bateh modr 15 ALIST.

does pob orodoecs: & liazting fila

The deforlec in ipteraciive mode I
SHAOLIET are i pabkach moede 1s O I5T

a
=

DT

Whes ho Eisting [ile 2 mpeciFied, &oy
eTrers =nonunbtnred in rthe =Zzaron progream
are digplayed at tha terminsl from wilol

MELn-31 was

initintes,

g=15
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SURUESREFERENOR [ targl...argd]

produces a cross-refernnce listing.
Argl through z:zgd are described in
Bection 8.3, This qualifier may bDe
anbreviated Lo SO,

B MACAD-1 command 2tring can br specified usina any nne of the threoe
farmaks zhawn  above far <he interactive and  batch  modea. In
interactive rode, if the input flle specification (filaspec) does not
tegin oo She =same line as the MACRO sommand and ibs gqualifiers, PTS
prints the fnllowing pPrempsing weesige:

FILES?
Lhen waite for the wser tu specify the lnpub Lile(s).

In hetok moede, bthe SMACAD command and its arguments musl 2ppear on the
geme line unless tha PDE line continwation syabol (-1 1= ased.

A.2.3 IA5 Todirect Command Fllee

Forrmal:

Billesnes

whores

q specifies Lhat the name thet foliows ia At
jedireck File.

Lilazpag is the File gpecification i{sorn Scotinm A.4) of &
fiZe that contzins & cammand skring. The defanl:s
nxtension Lor bthe Zile pama is (OWD,

The ipdirect zommand File facility of 225 can bt wuswed owllh MACRD-11

commare  abrings. This !5 accomplished by cresting an ASCII file Lhat
containg the deszired commare strings  (or wor-ioms  Lkerecl) ik the
‘arms shown In Seocior B2.2.2.  whoen oar Indirsct command £11e referonne
ig psad in o ®arckin-11 copnmand string, Ene coentents of the specified
file are taken =5 all or parc of the commend string.

AR indirsst commard Filo relerense mast alwawi: aos Lhs rightmcst entew
in =he commancd [see Section B.3.4 for examples) .,

A,.2.¢ TIhS Command Scring Examples
TEr Tollawinyg exsmples show btypicsl FPDE MACHO-11 comsard ahrlmgs,

1. FhE* MACRD AECLISYT
FLLES? RAIBIOT.MBC:3
In tris example, —he source [lles AUMAC ond BOOT.MARC; 3 will
ae  assenzled  to prodose an objecl file called ZILDT. U505, Mo
listing will be prodaced.
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%. Where the indirect cormand file TEST.OML conkalns Ehe commard
ETTing:

MACROMBISCT sNYTTLT  A4T
the command:
PL:E> BTEST

anuses MECEI-_1 ko asspmbile Lthe Lwa filez A.ERD and B.MAD
et oan obleel Lile fcalled MYFILE.DED,

3. where the indirccr cocmand Lile INDRZ.CKRD ocantzinzs  the
commare Strimg segment:

ATEST AL L SRARYER TEETHERTILAZ]
Lhe Somola s :

PO >MACED/LIST-DEL: TET arpnyz
causes MECRI-11 bn assemale the files BTEST.MALC angd SRTL.EEL
using Lhe macra linrary File ATERT.MAC to preduce an chiect
Ll rame:d SRT1, 0T, & 1listing file pamed TEY.LET is  place:d

on disk unit L.

1. EMACGRD/LIET:DES :MICRANOOBIECT -
IRl LIAHARY+M IS  MaC; 387

In Lhilzs edample, Lhe llarary Lile is assembled wilh “he Lile
MICR.MRCARZ. The wnregraz listing Zile named MICRLLET is

-

placed an disk amik &,

F,1 CRDS5-REFERENCE PROCESSDR [(CRER)
The CRET prucessor Lz used Lo sreduce a0 listing that  includes
cross-references ta wwmhols Lhal appear inm Lk socaros arogras, Thie
crogs-refarance listing is apperded to the sussembly listing. susn
CECES—TelSrences ars helptul in dsbugaint and iz reacing  lang
Ereey s EmS,
A ckogg-ralerencs listirg can includs up Ko Zoar sections:

o User—-defined aymbals
£. Macra synbols

2. Hegister symbcls

1. Fermonent swnkols
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Te generate &2 crafis-reforence listing, specity tne fCR 2wiltesh  inp the
MACRO- 1% cammard  shrlng. Labional araumentsE can alss be apecilled.
The form wf Lhe switch iss

L "‘

L MAC
! RZG
EST

SUR

SEC

b
;
FolkRz |

where:
oA spenifies wser-defined aymbols {defaulel
Az spezifizy macro gymanis [default)
HES spenifies raTistar symboels
FoT gpecifies perwadnent SyYmGoila
RED rpegifies pragram gest lond
ERE specifias sreor lisea {dofaulr}

TE you wish to aqonorate listings for aser-d=fined &and macre evmbals
anly, wse SCR. Ho aryuzent 1s necaFEsry.

Bawowver, i nn oargqument is speaified; anliy that typs of

srossereference liatine ig generaced. Tor szanple:
FCRCAHEYH

produces 0 Crogs-reéerences llsking af user—defFined symbols  cniv. Ha
l=bing of macrs symbiols s genarekad,  Thas, ke prodoce all siu types
of crasa-relarance Ll=kirgs, wou Tust z-:prﬂ.i.'ll"_'-!.' s1] =ik arcuments (tha
erder ir which they are snarified is not significanty . U2e2 a oalon tc
Soparate arquments. For sxamplac

ATR:RTRG:EYM e MAS r PRET e 2T s SRk

The oREF processar (COF) L3 tere Saily deseribed  in the Utilitiee
Felerence Monusl Suapplled Wwikh poudr gyesien,

Figure A-1 Illustrabes A complenn  asgss—reforenca ligting. In the

listimg, referpposs &are wade 1a zha Ferm page-lins. To make the

lizking moyn informative bthe U3EF processor wses the follewivyg signs:
Giga Meaning

= somewhers in the Bawrce grogeoam the zymbol  liskes s
dgfined by o diroct assionment staTesenc.

* dezbtruciive refarepca: 4k the tineg referenced vy Lhe
procosset  the owaloer of  the  svmbel iz chansed fitvs
pravigus Sentsnks castrooyed!.

gL Zhe Lipe referwenced Gy the processar fhe gumitnl
ieted  Ix dofined Sy oa direst asgignmeck statoemesr, =
cexlon sigo () or a dackble colon =lgr (=23,
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REJUNE RKACAS V0% 00 Saturfayr CHE-Ldn B L1247 Pame -2
Crows varerence kohle SLREF 0F, 00

RECLUNP Z-1e4
a¥=E0L Z-17? I-uzn

MHIUNP  #ACRE V3. 09 Eaturcay CE—Jdan—-83 11147 Pass B—1
Crognd rdPutenTe taklw JCREF w0, a0

RO 2-R34  I-02e  E-33e T-00 I-4% F—dda  Zealw
A=y i-Yle R ]
BL Z-l13+  z-Z3F
] Imbjy
=3 Z-ls  F-Zle  =-33
L) - 16 F-iTe  Z-1@8 E-2F I-Z74
5w I--lGe  F-TT
RECINA MASHRD UGE My Sphoe-car 0= Jap--FN 1028 Pame C-]
Ergep recarerce iable TURES L3S, a407
a-
. REG. a-o
FURY =53
Figure A-1 Gagpln CREF Listing
B.4 1B/ BEX-LIM/ASX-1LiM-PLUS FI1LE EPECIFICHRTION
Format:
oeviig, . minape.axt;ver
where:
eV is the name wof the Jdevice where Ehe desirced
Temides. A device pame cengista of two charachkers
followed by & 1- or 2-digit device unit nuember Joctai]
ang A aolrn [(fer exarsple, LDPLi, 2EB:, DT3:).
Aefanlt device {5 specified in Tabhie B-1. The defzu’tl
devicae ender IAS i= estshidzkhed initially by the syetem
manader Iot each uszy end can be  changed  through
SET command,
[g9,ml is ths Us=r File 2irectory (UFDF oSode. Thisa

concizts of &4 greup mber [octoil, o comDe
cwner smember: number [(octzl)] oll eaclazed in

(.1 and an
bracketa

[([1y. &En example of a OFD code ie: [Zd&, %80 .

LLE
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The calault UFD iz eqguivalnnt to tha BmeT -
~Adantilication Iode (UTC) given ot log-in time. Oodec :
TAS, tho UFD can be chamnied thraugs +the LET DOEFALLT

comnmand .
ML.m e iz Lee  Fiinnamo  and 2onsiets of  ake  =hranon nine
alobhanun=riec chareciers., Thera is 1o delsult For a

P Lenanc,

_uxt is a L+ ta d-zlphanumeric charaotor 9 .2nome exbtengion
Gt EYEe knat Is preoocrded by o paricd 4., e exlans ion
is petmally wzed ko ideptify the patace of che Llie,
Delanls waluwes depend on the coakext of the file
specification and are a2z fellnwa:

SOMD = Tndlrees commatzd [inpuly Eile

L LET 2y liEtiTlg I:‘pri:‘:t turmathy ¥l

SMAD = MRCRO-11 Sowprce modole [inpub £ila)

LR = MACRI-11 cbhijeclh 2oduls fentnac Eilel

«CRF = Intersedizlz TREF input file oreated oy -
ARCEI-T11., :

TR is an oortal number betweer: 7 and 77777 oot is ased  Ena
differentiate Llelweer versions of the some file. This

numper s prefized by & semiczlen [;).

For inpulk Ll_es, the defoult walae iz the kighest
wernion pumber of che f£ile Lhak sxiscs,

for entput £iles, Lhe Jd2Fazlt value iz the highest
wergivn numboy of the file that exizkts {-creased by 2, -
“f no wersion nomber exists, the valus 1 i5 nsed.

Thi= i= the Ge&feral Tarm faor i Eil= gspecificatrion in
[REFRSE-1IMAREXN ~11M-PLUS 2yalena. Delzlied ivforsebion is orovided im
the applicable ayatem user's gulde nr aperating procedurss manual §owes
Section 2.3 In the Praface).

.05 MACREO-11 BEREOR MESSAGES UNDER IRAS/RSX=11M/BSX-I1M-PLIS

MACHD~L. outpuis an &rrar masssge to the cermand  auwbpul  device  whep
che of the errer cenditions described balaw 12 devecksd], MAORD-12
erints below the error message the szmmend 1line that coused tkhe errar,
1£f the errocr Ilsx a (INCLURE o2r o JLIRRARY cirecnive File oreor,
MATRO-1: prints belaw the error neesads both the sqweres line and  Lhe
codifiand line that saused the arror.

MB - Error mesHaye
MECRD-=11 Sobtee 1lne
KaTAD=-11 oopnand line

These prror megsoqes relleck aperstional preblomz and sheuld not  be
confused with the errvor codes (ses Appundiz D) preduced by MACRD-1]
Guring asseanbly.,

e —— e o o o . — _— . . o — R g R . YR e o - S e ——— B — " —— T — R & i
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517 the &rror  »essages listed below, with the exception of Lbhe

HEAr  a-  Commans TS0 srror”™ messegno, Fesulitoin the termipatiaon ofF the
currenl assembly; MATRM—1% Lthen atterpks ko reetarc by reading
anathet comnzend line. ir the faege of & commasnsd IA0 orrer, however,

MACRO-LY nxits, since It is unsbie Lo obiain addivicne? command line
inpuz. .

MAC —- Copmand Frliefopenr Failura
Flirher the file Treom which MACRS=LY is rtoeding a oommand  gowld
hot be cpensd initislly otr betw=en zEsembilies; or the indirect
command File specified as "Efilenama"  in the MACHD-11  cobmand
lice rpauld nof bo apesed. See "OPEK PRILJRY OM THEUT EILE".

MAD —— Command IS0 arror
An errotr was retornes by Lhe file systen darirg MADRO-LL'E
rtbempt to read & command lime, This la an wnoenditionally Fernel
BFEDT, " onuSsing  MACRO-L1 Tao eRik, WMo MACEO~1]1 restart is
atbenpted whan this fEsSage SEEEACE.

HAC - Dommand Ssynbed svror
AL Brror was cdeteoksd In the svatar of the WACRO-T]1 comnmans Lios.
KA »= Iilagal Eilenape
Eeither the cevios rame net the filename was piesent in Ehe input
file apecification {the input file gpeciliczticn was null), or a
wild cord conwventlean. (agterizsk) was empleyed Iin an  inpubt or
outpat File spegificstlen,

wWwildeard optiene §%r =are kot peemitted  in Maio-1% [ile
spreificraklinhs.,

Mhii —— Tilegal =witcoh
an illegal smwl!ich wae spegified for a f£ile, an illegal walue wWasz
gpacified with & awlieh, cr an Jowvalld use of & switch was
dertedred by MPCRO-13.

MAC —— JINCLULE Jdiracklye £lle ercor | .
The [ile epecified im the (INCLUOEI  Ftatement - either dnes  nfnh
exiar or 18 invalid, the devics apecified in the commpard 2ine ls
nu= awaiishle, or the . [HCLUDE stacking depth excesds flve,

¥ED s Indirest command synbay arrot
The name of Ehe lndirect comeand file  (gfilename) speeified  in
the ®pCRO-L1 rmommand Lipne is synteevically lncorcect.

MAC == Indiract FLie depth axcseded
AR ottempt &0 =xueed the maximum  alicoweble nomber of neated
indirect command files hes oecdurred.  [Three levels of indivect
cammand files dre permitted Inm MAUHO-LI.)

MAL -- Insufficiont dynanic memory
Thete 12 not encuagh physiesl memory avaiazble for MACRO-11  Co
peqe its sywbal ceble. Seinstatl MACRD-11 in a larger partition,
aor ueg hppendix F,o0.

MAC —- Inwvalid formatz in wecca library
The library file B=g been corrupbad, or it wWas nobt  produced by
the Librarien Obii{ity Crogram {LBRE.
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MAZ —- T'J/n 2rror on inpul Fitg
In rending 3 recard fenm 3 source Iinpat {lle or macts lincaty
Lil:,  the fi1le svssem detected aw 2iror; for exampls, # lire
conkainiad ware thar 232010 charmacters  wae ENCcninterad., This
weuuNgE TMEY  2lza indizate that a dewilece preoblem exists ar khat
mitzer @ sudree FiTe ar o macro lihrary File has  bBesn zarraptac
wikth lncorrooar daca.

MAL -- T/0 &rrar an masro Libtacy ile
exme meaning as IT0 =czar on input £lie, e¥cmpt rhat ehe £iZle is
F mecta Libcsry Zile and not & sauroe input file.

FA&T —— TS0 error on oulpdk File
In wrilieg a record to the object eotpet file or the 1higtinm
cazpul File, an eIToE  Was detecerd by the file systmm. This
mesdage mey 0lso indicate that & device problem exfsts or  tha:
the deyice 1= foll. ’

MEC —- 177 cerer on wore FIiie
A read oF WETEe rrror oosurred on bkhe wark fila ags2d te ablope the
symEol  table. Miils creor is mest likaly caused by a problem oo

“he device ac by attemptine Lo wWrkiee kEn s Sevice thac ls Full,

MAC - LIDRAEY dlrect'wre filc error
The Fi"e specified in the [LTARRRY  statemznt elbker dass  not
exint or is invalid, Lhe fils specifitallon 1n the .LIBRARY
directive 12 for & ann-ranpdom acceze device, the dovice specifled
irn  Lhe commard  Zine iz nst oavailable, or the [LIRRARY stacking
centh exceeda the mpximon dopth allowed,

BAL —-— Npoen T2ileore on lnpat filn
1. Specilied dewicve doas nat sxist.
2. The volumz is pot mounbed,
3. A pfpnlen Bgisrs with Lhe deviga,
4, Bpepified directutry Flle foss oor exist.
5. Speciiied L[ile dncs nob vxist.
f. User does nat have novese privilesse bo the file direckory ar
L khe File itgel:.

MAD —— DEen fallure on oontpueb File
L, Specifiod device deez nok exlaz,
2. The walume ig mob mouanted,
3. A problem exists with the dewice,
4. H[pecified directary lfle deek: pot exist.
%. Ussr does wnet have aozess privilege to che file directnry.
£. Tae walume is full or Lhe device j5 write pratcoted,
T. Taere iz insuillclent uspsce Eor Flle fontrol Bilocks,

MALD —— RAY storage Ilinit ewceaded

BdW words of work £Ile Terory are availakie to MACRO-11, This
maasage indizstesx thet the asgembler has  gensrated  so many
aymboel s deahwmet 13,300 1o 14,308 rhat 3t has rtun  out  af Bpace,
Either =ha sScurce oroegram  is  too  large Lo skatt with, or 1k
contalas ¢ eoncditicn Lhal lesds bo =xcossive EBize, "uch ag .o
WAL BXPAnEian that tecursiwely oalls Ileelf without =
teralasticy conditian.

g-22



CHAPTER 9

BETS5/ET=11 OPERATING PHROCEDUHRES

9.1 MAZRO-11 UNDER ASTE

The only way o MRCRO-_1 pranqeam <an run on a HsT5 system is throwgh
=ither the LT=11 ar REX cun-time systens,

B.1.1 RAT-11 Through RSTEH

There ars twd ways Lo run & MACLO progrzam  ander the RTP-21 0 rup-sime
Sysbem:

1. Use bhe HT-11 Frmalatoer.  This 1= cone by Lyping: S RT11.
The rterminal will respend with  Ebme BT=17  2ramak (a dos
Erinted by the kevboard meniterl . ¥au zan then ase the BT-1l

commands [(see Beckion 920,

2. Type the connand: RUH SMACRO.SA2Y, The terminal will respond
with ar asterisk [(*] prompt.  You cap thon oeater oa command
gatring =f the formi

CRIPTL ,LSTFT1.=5RI, . . SACH

whetra: ORIFIL is an object jcotput) file with Lhe dJdelaall
avlanzion (TR

LaTFIL is a listing [natput] f77c with the defsulc
sxtension LLET.

ERC... are soutrce (input) filss with the defaull

SRIE extensicn JMAC. Hix Innot files are =alloewed
irn Lthiz comzarnd.

%.1.2 PREX Through RETS

Ta Fun 8 MACRZ program  wnder  the 58X run-tine  system, type the
command : RIE SMAHOC.THE,  The Lerminal wlll respond wilhk:

MAC>
In anewer you enter z command string of the form:

BJFIL, LGTFIL=5RC. .. 5HEN
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where: NEJF L iz an ohlect (outpat] rile with Ene default
extenslon aRT,

LETTIL iz a listing (outpuz) Lile with the default
ertension .LET.
SR, .. are  Gnioraoe [input) Files wikn the defzult
SRICH nEtansicn JMRC.
Hirprp

THere are oLher  ocommands Lhat  oazp oe
usenl  To exll RT-17 assl RS but they arn
gite dopendent 2nd me aro [0t mens iooed
here,

3.2 INITIATINS MACHO-11 UMDER ET-11

The followlng senticns describe Laosc  MATRO-11 cEerating mrocedurwey
Ehat apply anly “a kbs HT-11 svatem.

Ta call bhe MACRO-17 essenbler Zrom the sysbkem device, respand to the
fystem prempt {2 dol prlnted by the keyboard monltor) by cwping:

When the azsembler resoonds with an askarisk i -t ds ready Lo
a2ccenk command stelng laput,

9,3 AT-11 COMMAND STRING
Furmat s

[devinhi,devilist devicenf/arargi =Geviarsl sra2, ... devisrer/siarn

Wk

cay iz any Legal HI-1L deyica foE cublput; ATy
File—struntured device fur inpat

oh iz the file specilication of the binary object filn
that  the assembly process  pradacns:  the device far
tmis Zfile skeuwld cor bBo TT or LE

1=t 15 the file specilicaticn of the azspembly  andé  synaol
Tisting that bhe assembly process produces

uref s khe  file speciflcation of the CREF  temporary
oICcES-relatancn fil= that thn a9dembkly Pprocess
produces .. [Mrissinn af dev:rcre® darnz  pat preclode 4
Sross—toforence Lisblng, bowovwer.)

Se:ary is 2 set ol Lile specification wpkions anc arguments

(see Table 9-27,
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sreol, repgresert the ARSDTT saurce (Znpuaz) files contalaing the
EICZ,.0. MACRO-11 =saurpas orodram or  the uwser-supplied ptlad
sren livrary files tec bo assmbled.  You can speclfy as many

sy sl mouron Silmm,

The Coallewlng comrmend steing calls o an assambly  Shat  uses  ane
zource  file plus  the systern MAZEKD libraey to prodooe an oblject Lile
BUWE 0O mnd A listling. The listing goes directly ta the Tins

printer.
TR Y IME . O3, LR =TOE 1 ERC  MAD

812 cutput file specificeticns are aptional. The svstam doss oo
prodaes H cutput File  wunless  Lhe commanc sirlng cenbalrs  a
specificatiaon Inr that File,

The system determines the file typn of an cabtput file specificaticen by
ite position 1n Lhe command sktripg, ns decternined by the number aof
“commas in the string. For cxampla, to omit kBhe aobjnot FIle, woun must
Segqln the fommeand slcing with a comza. The following command precuces
a llsking, including orass-relerence Lebles, bul nol  bBleary ohleck
Files.

* LP:s/C=tgource Llle specilicalion]

MHotice tnat yoo need not incliade a comza afser the final cuoutput file
specificaticon in the cemman:d sbring,

Table 9-1 lists the default waluens For each flla specifleavior,

Table 49-1
Default File Specificatiaon Walues

e foulk Cefaull DoeZoult
File Deyios File Kame File Ty
Chjact DK ¢ Must specity Ny
Listing came az far ohiect Must specily LLET
Elle
Traf Mk« Must spooeify . TMP
First scurce I¥: Must specily LA
Additicnal sourge  Same a5 for prececing Musk gpecily MR

source File

Sysbnm MBURC dysten devics 97V: SYGMAC - 3MT
Liorary

Ueior MECRD a®: if first file; Must zpecily .MLH
Liorary cbherwise same as Lar

Proeceding Sonroe File
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KOTE

fume asgsemblles pesd mere svmboal  bable
funce Lhan avallable remery can contain.
wWhen tais ALCACS the Evarnm
arkomalical’y  2reales a tempatary wark
File callad WEX.TME Lo Provide  orterdsad
sympe]l Lasls spane,

The default deviee Far WEK.THE iz DE .
T CauseE rhe S¥slem  to agslgn a4
d ffrrent dev’nn, enter the followling
CoimAEr ¢

LAAE TN desrs BE

whera: [ERELT is the Iile—-strucbur el
Gevioso that will =aZ2d
HWRE.TMF.

9.4 FILE SPECIFICATION ORTIONS

An oossensly birme wal may mesd to oaverrslde oerbain MR dlirearivaes
appearing In kRhe source  prugrams, Tou Zay alag need to direck
ARCAN-11 on the handling of zerbadn “iles duaring ansembliv., Yo Zan

satisfy Lbasn weaeds by uglng the switches described in Teble 9-3

Tebkle 2-2
Fila npé:frjﬁﬁTlc: Dptinnu

Opticen Usage
fliary Liszirg zonkrol switches; these options accepk ASOLT
fMererg switcr waluea (arg) which are segquivalent in  Fusctien

atd  name  te Lhe eragurnentz of the JLTST »nd JHLTET
directives  snecified  in the =zsurcs  program (see
Arpchbiopn A L. 13, Thils switoh cwerrides Lhe argumants
of the directives and remains in effect Far the
enlicye assembly process,

FEzarg Funcbion consral switches; these options accapl ASCIT

Faarg EWilch walvues fare) which are ecuivaloent in funeckion
znd  mame  to  the arguments of the _FRASL akd . DEABL
directives speclfisd in  the snurre pragram lgac
secticn B.2.11. tThis switer overrides Lhe arquments
nf the direcklveos and remains in elFear For ke
entire assembly process,

iturbTnued on next page)
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Thrhle 3-2 (Tont.)
File Speciflcaticen optiana

e [

Dptian d5age
AM Indicates input f£file is MACO library £ile. 'Wheax the

agsembler enccunters an  JMORLL directive In the
sauras eode, 1t searches mearn liararles acoording zo
Ehoir rrdpy of ADpRATANGR im +he cammend str_'in-..q.
When it locatos 8 maora [ Bl whrse name rakohes
“hat giwen in the MCALL, It assembles the macro as
ircdicated by that definition. Thu=, 16 twe or maro
macro libraries contasin definitions of —he =zame macro
name, Les macro Lbracy Rhal Adgpears rlolbmast in the
command string takes prececence.

Toamsider the fellawing coemmand strilesg:

Yloutpul tile specilicalloni=allzssw,
HILLS Ak T F

Agsume khat exch of zthe bEwo meaora linraries, ALIS.NLE
and  BLIZ.MLE, cenbtain & macrea callad _OTG, bab wiln
dillerent delinitlans. Thet i F TN iy Film =-2
CaonTdins A macre oAall L WEIG,  The svstem
includes the delisiticr ol JBTO ik Elis Uraogran S it
aprears In ke maora libeary SLIE.

TL Lhe comrmand string doos net inoluds the  shardard

EYEIen nazra likrzey SYSMAD O GML, Lhe Sy T rm
autamabieoally Ineluces Lk as Rhe Firss couece fi2e  in
Lne comtared Gtring. “hersfore, IE macre library

ALIB.MLG zenktainsg o deliniticn of & macre callsed (RREAD,
that definitian of .G2ZAD awverridzz “he slanczrd READ
macro doefinitiaon I S¥YS™ a0 SV,

fCrarg Contrels conkenlks ol crosg-relerercs Zilak!ing,

The /M swlkch sffeots anly tShe soeu-ue File ke whiach it is appesnded.
The ather opticns affent the notirne command skrieg,

U,: CHOSS-RETRRENCE (CAEF) PARLE GENERATTON DETTOM

A cross-raforenze [ORRF) table listes all or a sab=2el ol the synbols
d SJdarce  Corodram, ldentilving Lae sLatezenis  Lhat dafine 2l s
symbals,

9.5.1 Obtaining a Cross-Reference Table

Ta ebtain & CRET tabkle wou mast inclade Lhe fCrazg wpiicrn In LEhe

conmend  sLring. Uausaily yeud inelade the C:arg opliusn wlth the
agesnkly Listing Filte sppaiflicaklon.
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Tf the command string does pob fnelode & cref f£ile specifizaczicn, the
wystan suinEatically Jenerates a benparacy Ille on device Dk:., If vou
nead ke hawe a gdevics other then DE:  contain ke tenporary ceef fila,
Yau aust inclode the dewv:cr2i £ield 1 the Z2ommangd string.

A womplete CRAF 1isting comtains the Sellowing six seclicns:

. A rcross reference of  prograd SyRbols——labeis  ysed  in the
Prodram and symiholsz followsd biv an oaperator.

£. h Croee refecence nf rogisther swinkols, These symbals are RO,
R1, R, RI, BI, Ry, 82, and I,

3. A weoEE refecence ol MACRD symbuols—-those symbnls defined by
SMACRT and . MTaLL directives.

. & orgss referenee 2f prrmanent symbela-es5ll apararien
ropmerics #nd ssserkler SGirectives.

5. hocross redevenZe of progran secklans——the namaos yon  specify
As aperands of (OLECT or (PSECT direcrives.

bB. A Ccyroas relesretor of errors—rbhe System 3roops and 19igsts all
Flagqed nrrorg fzom the assembly by creor type,

Tou i lnpiade By Gf &l ok EHrcge gl srectians nr e

crass-rafrronce J1isting by specifying the ajppropriate argaments with

the AC aoLian. These rouscnzs are listed sod desceribsd in Tabls %-3.

Tahle 9-3
S Opklon Rrguments

Argument CNEF Section
A Uger defirec symbals
a liegister symbuls
™ MADRED sympslic namas
F ermanent symbol:s lncluding tralructians an ﬁirgu:ivuﬁ.
o - Centrel End proegras fecoinbs
R Erenr cofo -'__1rr:|,1p'il_'._:_|

—— e —— ] L o

A T A

HoTE
Gpecifyirg 0 witth no szguronts iz
cyrivalentr to speaifying SU:;4:M:E. That
spesial [ anrepted . Wi munt
anlicitly reccest eszch CREF seclhlon by
el oding its ArquUmerLs. . Ku

orcEe—-fteterance Fi_e aeocnrs iF the i
apklan 1 not speeliis=d, #wen if th
gaormand  sccing  Ineludes & rEpEs £31
sprclficatior.,
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%.5.7 Handling tross-Reference Tahle Files

When wyoun reguest o cross-reference listing by meana of the /¢ opzien,
von cause the syvslem %o genoratoe a temporary file, DE:CREF.THME.

If dewvize DE:  Ts wrlte-logked or if it cantazing  insufficiect fres
space  lor Lbe tenporary £Ile, you czn allecate anather devloe far =he
file. To allocates anaother device, specify a third cozput file in  the
command string; that is, include a devicref specilication, (Yoo must
2till [nzlude the /2 option te zantral Lke Fare and  contens of  the
llsting, The devicref specification is ignersd iF che SO antian iz
oot alse presoent in the comzand string.)

The eyskbem Lhen uses Lhe dewvicraf “ilre instead af TE:CRTUF.THMP  aArc
deletez It autamatinally after producing the CRGF Lisking,

The Zollowing cnmmand String ozuses the systen ta Use RE2:TRME,TME  a=
the temporary CRET Eile.

*L,LP: BE1:TEKE, THRF=50URTESC

ferother way ko assign an alteranative dewvleos for =he CRED,TMF file iz
ta enter Lhe lollowing commerd prior tn optering B MACRD.

s ACEIGN dew:IF

This method is preferred If you intend to do several assenlhlies, as it
telinyes wou fron having tn inclode the fovigref specificabtiuon 1n each
commanc string,. IF you sntor the ASSIGE dev: OF cemmakc, and  Later
inzlude a croef soeaification in a command siriry, the specificabion in
the command string prevalls for that assembEly onlw,

The svsbtem llscs regoostoed cress-—rofsronce tables Eollowi-sg che  ®aCGE0
azsenbly lizbing. TFachk eab’e hngiss on 3 new page.

The system zrints symbols and alsn symbol  walazs, cantrol  seotans,
and nrror godes, 1f soplicable, beginning abt Rhe lef: maegic of the
page. Relerercss ko edach symboal are 1Iisted 4 Lhe  same lipe,
left—tu-rivht =#cross the  pago, Tha system lis.s refrrenzes in <he
Form f-I; where F iz the page in which the symbel,. contrul  sectian,
ar srrar SJode Appears, and L ols bhe line rpurher on che pace,

A number sigr (#)] next to 2 reference indiczles a4 sv=hal dafinitklian,
A asterisk %y next Tz a references  ilrdloates o destructive
roeferonos-—-an oaperallon kkae alt=rs Ehe conteonts of  the addrossed
logoatbian.

.5, MACRO-17 Beror Messages Under GT-L1L

MACEO-1" ouzpnts: an esrrar message to bhe copmand  ootoer device  wher
ane af  the errar zoncitians described 2elaw iy Acreoted. KEACIO-11
Friaks below the error message Lhg comnand 17ng that caused Lhe error,
[f tha errar iz a -THCLUDE o a LIBRARY direckive file error,
MACREO-11 @grints brlew The srror meassiqe bubk: the sonrecs Tike are  =he
command LIns kiF=r cansed Eoe errcr.

FHACROD—-2-Frrar mnssage
MECHRO-11 zcurce line
MACED-L. command line
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The & In the rrror mesasge repeescencs the letter code that Indicacea
tho sevarity level of tho errar.

These error messajes refleck aparatlonal problems and sheuld wnoet be
aopiusml  with the  error pafes (eee Rppendlx D proedoced By MACRO-1Z
during assenbly.

Error Magggge ] ﬁ-l'.-‘-ﬂ]'l_i_:'._l-'é

PRACR-F—iladiae Tall GEV: )
The cabpukb wolume does net  hawe sufficient
ras:  for on  ovtpuot ile sperified in the
coanmand sLried.

PHACROA-F-File nok faund SRV FILMAM.TYR
A lnmput £iZa In LRe command line (Eees  nat
exizt or the spoeifice device,

FMACIRG-P = INCLUDE diractive file nrror
The File spocifisd 1o ehe [ [HCLDINDE  Steeement
sither does 0ot exist or is invalid, the
dewloe speclfiea In kne commsnd Idloe  is  not
svailables, or Za LINCLUGE sracki; depth
efsceads five,

IMACRO-F-"nmsu b Loiens momary
MACRO doees nat hiave *he xininum ameunl of
creemary [1AK wores) MECSANSETY TH CU0.

TMACAD-F-Touwel §d comaand
S¥Ntax eCoor oo

Phe: commuare® Tiree: conba a
o npat files.

iz
egifips more tharm six

3
i

THACRO-F-Invalid devica
Modevice specified in the command Iine does
nek exiat aon the system.

THRCRO-F-Inwalid macre Librazy ) .
“he Titwwrary File has Leen caobrupbed ar Bt was
hek prodoesad by =he 29-31 llzraclean, LIBAR,

TRACRO-F-Invalid oapticn: fx
Thz asp=cified cpticr was nobt Tecognized by
the program.

PRLCR-F=7 /0 arcor on DEVTTERER TVR
4 hardwars oreor ococogrosd while attempting te
read from or write kn bhe devise oo the
spraiTied file,

THECEZ-F=1,/0 errar on wark fils
MmalAn £ailed o epen, cead, or write o its
Warh fila, WRE,THP.
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PHACHO-F-.LEERARY directive file error

The Flle specified In the .LIBRARY statement
githor <dpes pet exist or is ievalid, Ehe file
specification in the (LIBRARY directive is
fuor & boh-ra2pdemn acgesEs device, the device
gpeclfled In the command line LY nok
available, or the . .LIBARARY =stacklng dopth
exceads the maximum depth allowed.

YHMAZAD-F-Pratected fiie alresdy exists DEV:iFILRAM.TYE
&N atfempt waB MECE to create a file thaving
the some name as an existling protecked Eile,

PMACAD~F=-Etorage limit axceedad {44K)
HRCEO'=z Virtual Syzbol Table Car atore
aymbals a i MACT oS vp to R4¥ in any
combination, Your program contains more than
E4X warth af one ot both aFf bhece sletephs,

PHACRD-W-10 error on CRHEP filetr CREE aborted
MACRY ran opt of device space while wrlting
the craf file, «ar a hardwere errar has
ooCuryed., The oref file 15 abarted Dot
assambly contiaaes,

b-39
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SEPENDIX A

MACRO-11 CHARRCTER SETE

R.I ASCT] CEARACTER SET

Ewen T-pit

rarcity ootal

Bil Crac e Charsche ‘Remsrks

a &AA ML Hull, tzpe feed, COMTROLASHIFTSP.

1 HAl batelid Start of bkeeding; also S0M, star:
af messoTe, TOHTRILAM.

i pals BTH Etart of text; =2lze Xk, anpd of
address, CONTROLAG,

i BA3 ETX End gf ftupb: alsa EOM, end ol
mesgage, CORTANLSC.

1 bl Ba ELT End of! Eravsamissicon  (ENDD; huks
ofll T™X machines, CONTAOL T,

§ fdS EHD tngquicy (EHMOAY] r alaa WERLU,
CUONTRDLAE .

A tulnf e MOE Feknnwladae; alsoa RU, OOMTREOLSE,

1 ART BET. Aings the pell. COMTROL MG,

1 A:i@ RS Baakspace; alea FrO, Iarmat
efleckor, backspaces Swine
meuhines, SUNTHOL/E.

a Al HT Horfzancal kab. CORTRANLSY .

[t} a:La LE Line feed or Cine spece [(new line)s
Blvancos - dapetr to naxt iine,
dupl iceted by CONTRECLAI.

L] il yr Yertimal tak {YPAR], CUNTROLAX.

A Jis FE Farm Faurd tn tap af next  page
IFAGE] . CONTADLAL.

i A0 OiH, Carriage  rewurn to beginning  of
Tine; cupllcated by CONTRILAM.

1 Ain S Bhift out: <«hesges ribbkon colar ta
TR, COb TR M.

H HIY 87 Shiit in; vhanges ribbken color Lo
Elack. - COKTROAD,

1 A2R iE Data link escape. OO0RTRAOLSE (DCR) .

L] 42 el | Deyice conbEol 1: TUrns
Lransnlitter {(AEADER] on, CONTEDLSD
X oMy, B AR 3 Tevice ooptrol
23 turns punch oar 2uwxillary an.
TIRMYIBLAT JTAPE . AYE W),

1 Ho03 Al o= e cantEal a: tEr s
trapsmitter JREADER) off, COMNTROLSD
(% D&F),

H w24 L4 flevice combryal 43 tarns punck  oar
auxlliary aft. CONTHDLAT (ALK
OFF]} .
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MACRO-13 CHARRCTER SETH

Fven
Parity
=it

1

i= T

AT M e Er e AR = = PR EREAD R P RS AR TR R

T-Bik
artal
fodae Cltaraccer

R A Y A S T, Tk P e —

Pematks

HZ5L HAE Megative
¢k 37T
OOMTRADL Y .

F27 ETH Fng af

LHM, lagigal

CTOHNTROL .

sUE Subetllgte,
Eed Decape,
Al F&
L 38

L Skl fal a)

LR ]
LEE R N ]

AR
Azl
Agad
B43
n&s
AsE
HaE
Bai
AZF
A&y
ASR
A3
B4
g5

il
-

Coace,

+ dre=r = ®GA AT e =

A
A& L
ae2
[T
aad
BES
R
g7
&R
wrL
ATz
ala
AT4d
n¥Fs
ave
aFsy
L
11
142
183
ldd
115
196
17
11A
1LE

o mE My R oA m e a0 B0 =] Shon B ok b = TR T 4

Synohrenons

AN Canoel (CREHCL:,
EM End <2 mediom.

Tile szeparator,
GTounR SARaCcnhor.
B3n RE f@anard seFarator.
337 e Unit saparstorl.

acknowledqe;
ERROR. . COWNTRGL AU .

file

Eransmisasion

[ TiHes

Y e

ciga ERR;

3

-] om

ik : 4l¥o
of m=Jicm.

COKTROLS K.
CONTROLAY .

CONTRDL & .

CONTROLSHITTS R .,

COMTRAOLSHTFT L .
CONTOOLSSHITTAM.
COHTROLSSHIETAH .

COMTROLHHIETS 2.

Mheeant aoube ar agposkronke.,
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MECRD-1§ CHARRCTER SETRE

TR T-Hit
Darlty cotal
Eit Code Tharacter Remariks

— SR B B R Pl

1 1:i2 ;

o] Lii K

1 114 i

¢ 1Li% p

el Lk r

1 BT o

@ eyl b

1 e Q2

1 R2E [

o) TET =

1 EEF ! T

b s E

A 1245 W

1 =7 W

H 1=n X

] 131 Y

H 132 ]

i 133 [ ahlfesk.

5] 134 " shlfts1.

1 155 | shlfesm,

1 13hR " =

] L37% _ T

4] l4n ECOENL Qrave.

1 a8 A

1 1£2 b

[ 143 -

1 1Eg d

] 1A% r

e L 3

i 149 1

1 158 k

A 1=1 i

d 15z 3

1 157 L3

] 154 1

1 REThY ]

1 -1 r

e 157 [

1 TRE o

n H |

i lg2 r

1 163 =

] 164 r

1 1ah |

1 164 "

5} 187 v

g 175 ¥

1 101 W

1 iTE z

3] 73

1 14

] 175 Thilz code qenefated by ALTMDDE.

a 17H Thizs code gqencrated by prefix  key
(:f presentl.

i I OEL Delelea, Rubout,

* 7 hppestrs as §$ or T oF Bofme kechines,

.3 AREears as < on some mechines,

B - e e e e R R o ol n o o me ek e im o m e

g A
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MACR{~1] CHMAMZTER EETS

A.7 HADIX-5& CHRRACTER BET

bas L LR

CharaciLer

L e e

Unused

#-9

ALCIT T

stal Radix—=0
Buagivwaliont Louivalenb

an B

ielel dd 1-3F

24 33

1 A

AR
BE-T1 I6-4T

Teze mexinam Hadlixg-50 valope

iz, thua,

ATEEIE*D P THERLLT=]TATTT

The Following table provides a conweniesl means ol Lransiabking botweon

the ASCTT characker dees and fkq Radix-50 egulvslnnts,

ber example,

g iven thg ASTII string Me3; the Radiz-S¢ squivalent 1z {arithmebic i

aetTSacmed in astal):

A=L1:338
2-Aaz24AQ
A=AQEIAD
AER=L154Rn2

Single Thar .,

T S L T —

ar Sa ol T™iird

Flrar Thar. Charanter Character

Suace Td&AAd Goaca AZFEAAG SEaCe AGAleE
B HEiiae B EErASS M GEAAA T
] G520 o gze12d = SApAG:
C R11GAR [ BEFITE L A530p 3
N A1a438 n BEtzLp L dEAanadg
N A17RAB B Aa23lg B Fadaags
F HZ2Z5AR F AFETE68 F FHAAES
= AZ57TAR G A8 T G FAARET
H F1iaag 4 dEAGQE H cHpaIn
I Ai410a I R LERY L GAAAL]
J AATIAA T FEAR 22 J el B W
Es g4:z508@ s dETFRTE E ApdEdl =
L Bd 5487 1, Agg T4 L paHala
M ASEndl M deldls M gesals
3 B%3GaE [ W iPAE i} gnAAl s
v} B3R TAR 1 A&Er 3 G Q1T
P gnrAaf r Rl Agd F SPAAZEN
0 ERLIER o Ariphs 0 goaapzl
R HWTFo2plY = PeLiid 7 gcAd2z
= 4TI5n8 =3 g3 o JacAapz2]
T Bi6edDHE T JE1i4a T GAAAZY
n 11 5AR H ¢AIn]IR J GPAAZE

A4
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MACHL=11 CHARRCTER SETH

Strmale Char.

or Secand Th Itk

First Char. ichatacter character

v 1a4E&3 L) AA15RA W AAAEZE
W IRATTAA H PAl& 38 ! FRAFZT
¥ 1131358 b AA17aER 5 FA0E 3R
¥ 11&z848 b AA175A ) HEREEE
z 121208 7 ANZAzA A APdEs2
g 124z8p 5 AAZETH a FRORIE
. 127Lan . HAEZ214A AOg@E14
Urnozed 132500 cayses @G220 Unnsad JAEWE35
[ 135608 4 ERZ2GE 1 AR@E3R
1 las59¢ 1 HOR2353aF 1 PARS37
s 144783 2 AE24RE a ApEREd
1 147;A08 A AG2EaF a AReas]
1 152203 4 FARG LG 4 AeaRd?
R 155348 h FazsTA 5 gdd043
£ leAagy & 2d2e4d S (= EE
T 163580 T +H2714 7 gipp4L
B 1AAHEH & ap2ted & i1
g 171748 2 FA3IR3IA 2 dsapd7
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MACEO-21 ASSEMELY LANZUASE LMD ASSEMBLER DIRECTIVES

E.1L SPECIAL CHARROTERS

Charac~“eT

woT o
&
=
=

T
i
1

[oommal

A L - —]

Qe I =

'olapnstraphe

LI

vertloea? kal:

Tuncllion

e mmme e T alan WM L R s e e 8 e e = S Y R R 0 S L Y S L L L A Bk

Labal Earminabay

Direct azsigument Spelakbor

Hogistor term indicater

Item terminator cr field terminator

Trem terminakar ¢ field terminotor

Fmediate expressleon lodicatar

Disforret addretdslny indicator

~nitial reglsrer imdicater

Termiral reglster fnolcator

onerand Field separatar

Coam@ent Elald indicator

Arithmesic addition operator or auto
fonerement inclcatear

Arithmetle gubtesction cpurator or suto
decrepent indisatar

Arithmetls multiplicaticon operator

Arithmetic diviaicon aperator

Logical AHND aperator

toglcal OR operator

Taasable AESTT chatdcter [ndicabor

Siagle ASTII character indlcator or
concatenatlian indicatar

Aesembly lacaklon counter

Tnittal argament indicstor

Terminal argument indicater

Imiversal unary operstor oF argument
indicator

Mazre call noeple apgusenk locddficeatar

Fource line terminatear

B,.2 SUMMARY DF ADDRESS MODE S

Symbhols wsed Iin the takble:

f iz an lateger, B to
B is & roqlister meEpres
i 15 &ap expression

ER 12 =lther a regletec
s tn ki ramge A Lo

THTAX

f, represonting a reaister number

nimn

Expression or am erpreseicn whose value
1.

B-1




MACRO-7]1 ASHEMELY LANGTUAGE R ASSEMBELER DTRECTIVES

P - [ E e — [ T

Address fddreaa
Mods Mode

Farmat Nare Nunhey Meznlrg

B Reglatpr an Regizter R captains the
apetans,

EE ar Regiscer In Reqizgker H  oontaine the ad-—

(BK] deferrad drezs of khg gperand.

[ER)+ satcincrement 2n ihe contenis of thn register
specifien &5 {ER are
incremented 2fter belrnyg uwsed
45 bkhe adfdress of the operand,

KiTR!+ gurainorement in Tha EegiaLé: specified a2 (ER)

Dalerred zantatna Lhe pointer to  the
addrese of the operandy &ka
reglzcer [ER! I3 incremented
aftar vse.

= [ER1 dukadearensnl dn The ccocntenks of  the rTaqiater
gpeclited a5 2T abe
deccemented bafore heling used
a5 the address of the operanc,

U=—rzm Rutaderctanont L The contents of the register

Trfrrres aGnrified a3 TER} are

. decremented  belore beipng used
a% the pointer ko the afddrees
ng the operand,

EER) Lndes B The nmxpression R, wlus the
ornbenks wf the reglaker
sperified a2 [ER), form rthe
address of the oparand.

BR{ER) Tndes Doferrad n The sxpressien L, plus  thoe
Cab Lantes af the reoister
specified as  {RR), wield a
nginter to the address of the
opeRrand,

ig Inmedlml 1 The exprossion E i= the
gperand itself,

RiE Abselets 37 The ecxprezsiur F Fs the
address of the operand.

E Ralzlive 57 The adidress of Lie operand E,
relative to  the Lnskruction,
fnllowa v“he instruction,

BT kelative 77 The address of the onerand le

Tetarced pointed ta by E whase sddress,
gelakive toe Ehe lrsergction,
Fallows the 1nstruction.

=2
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MACRL—I1 ASSEMALY [LANGUMAGE AND ASSEMBELER DIRECTIVES

H.1 AGEEMBLER DIRECTIVES

The MAECRN-1F azgembler directiwes arm sumkarized in the fullawlng
Lable. Tor a cetailed description of eack dlrective, bthe Lablie
porkains roferences ta Lke appropriate sections fIn the body of  Lhe
ranaal.

e L R LR

Recticn
Foecm Bofurance Operation

[ o T B L U i SRS R 4] e e o ey e e FTLTETS

] £.3.5 Followed vy eng ASUTT sherackes
P - =ingla cuate [Apostrapha)
qenerates & word whinh contains the
T-kit ASCII represencation of the
characier in thne low-order byte and
zare in the high-order byte. Thix
charantee ig alsa nEEd &5 oM
cancatenalion lndicator in Ehe
expanaion af macre argumenks,

" F.3.3 Fallowed by two RECIT charactscs =
double quote jgenerates a werd which
aonkains the T-bit AECII
repregentatlan oofF e Ldin
chardoters, “he flrse charaoker 1s
Sshored in tEhe low—-grder hrvhel e
daonand gobaracter Is atered in toe
bigh-«erder byte.

“Brn [Z3 B B M CEMEBOrEACYy FHGEIR tanbral, CAuRos

the waluw o tp by treaged ags a
hinatv numker.

"Conpr f.£.2002 - R temporary numeric conbroel, CAusdas
the exprensian's wvalue o ke ones-
onmplarented.,

Lo LI M temporary radix  control, Ccauses
the welug 1 to bz troated gs a2
decimal number.

“Fa Dadadad A tompocrAary numeric Sontrol, causes
. the walee r Tto be Lreated a3 o
giutes=n—plt Flaoating-2aipnt pumbiors,

“tm : B,dq.2,% B tempotsky tadix comkrol, causes
the walus an to be cLreskbed as oan
actal ramber .,

TRCOC B.3.7 Toptprts peg to Radik-~S59 form.

SAECTT Aatebngs T I | ZENETATES n Llack af dagyg
tortaining  the AS5CIT sguivalent of
LAe charaaskber Ekring [Enclasod In

dallmiting charpnutsrs] ane
characiec petr byte,

i T R ——




MACRO-11 ASEEMELY CAMGUMGE A2HD ASSEMELER DIRBCTIVES

e

Form

=

Gectian
ftefarsnce

— . e

Dpeeakian

JASCIE fekrings

P BEECT

LBLES exp
LBLEW exnp
LAYTE wxpl  eMp2, ..

SERGRS HsyFl  3vmE, . ..

LEELT [name]

.DERDEL ary
CFENBSL arg

-FHL faxai

« ERIDC

« MHDM fhamed

L

D e -

Gomarates E Loiaak ol A=tz
culitaining the ASCTI mypaivalant of
che clharactar shrim  fems osed  in
deiimiting chareators) . [FP1
cheraccer par bvte, with a  s#ero
kvto terminating the cspecified
Skcing.,

Beglneg ar resumez Lhe mbsoigte
FProdran aection.

Reserves a bleck nf storage  space
whese leigth in bytes is detarnined
O Lhe speciflied evaression.

Reaetrves a bBlack ol =Lsregn  =pace
whase: loenoth in werds ig determinecd
by the zpecified expranzisn.

SENerates gduruesksive byteg of daga;
canh hwte Sonbsins the woloas afb Lhe
corresponcling =pacified exprennian.

Lonables the cress-refaronce Listbing
for the specified svmoel liut, If
a syabol list iz nok epecificd,
tiia dirpctive recnables the
erass-reference  listing  for alz
gymbols 1 che program.

RR3 NS oI t2suses named or cnnamed
relacabtable program sectics, This
directivp iz Drawlded Eor
Campatilility wlth  otZer PDE-11
assamblers.

Digables the funotien spectfierd Dy
Lhe argament,

Enahles {Iavokes) rte fuhetion
specified by the argument.

Irdiceres £he laogicai and of the
Brrlf e FIED Ea . Tha crpticnal
aEdUnEnT  specilies  the transfar
gddrens  where Brogram eXecubion L5
o bejgin,

Tndicates kneo end ol &4 caonditicesl
2EZantily bloox, .

Indlzcates the end af  the currant
tepeac Elezk, ilndefFinitr repealb
Dleck, nr wmafro deflnitian. The
cptional name, 1if used, cust be
ldertical to Lhe nano spegified in
the maceo Arfinizioa.
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MACRO-21 ASSTMELY LAMGIAGE AWD AECEMELER DIRBOTIVESD

Fialine Tarm

Seckiow
Referanae

Operakios

. ERDR

« ERROE axprtert

« BWER

FFE LT argl argi,...

FLT4 argl,arg?,...

LGLOEL 3wml j25ms, . ..

SIDENET sebrings

¥ mond,arql
Ll

4
%

T.7

=]
i

fi.d,.2,1

G.4.3.1

h.B.2

a.a.2

Tnilcates the snd of the rcorrent

repeat Block. This directive 1ix

pravidad for competibllity  with
akher PPEP-11 assemblers,

A user-invoked error Zirective,
causeg aukpot kg the listing file
at  the  ecomesnd outpet device
apnkaining the opllonal expression
and the statement coankalning khe
directive,

Ensures that the currenk " locatian
vounter conkalns an even addecess by
addisg 1 if it Is epad.

fJenecakogs succeoglve 2—word
Elozting=ncint eguivalents Eap the
Eloating-polet runbers speoified as

‘Argueesnts.

Generates BEUCTEHS L 4—word

Floating-pedrnlk egulvalants for the
Eloating-suoint numbers gpecitied an
GCJURENLE.

Nafluzs the symhol(s) speslfied aa
global aymbal (o),

Providee z meane of labeling r£he
chyent madale wikh ehe program
verslon aumber, The wersion nomber
is  the DRadix-38 atring appsacing

.bakyeon the paiTed delimiting

chara-ters;

Begins a conditionsl assembly hlock
nf scurae cade which 1s [neloded in
Lne assensly only If the =taked
condikion is zgt with regpect to
Lhe argqemant{s) spoeoitfied.

Appeses enly within a osoditional
arsembly Elack, imdbecating rhe
begianing of & section of code kg
ke pruseebind if the condlitlan upon
entering the clock Teskts Falae,

Appesrs only within & conditianal
assembly Black, indlicaking the
beglnnipg af & sectioss af oaode o
e asrembled 1f Lhe condinion upon

anteriryg the Block tesats true.

T

B!

= ————— n

Ll




MACRO~11 RASSEMBLY LANGUAGE AND ASSEMBLER DIRECTIVES

Sectinn
Borm Fefetance

Dparatian

- lFTE B.3.2

JFITF 2ard,aryg, LTI I |
Statamenk

f THOTUDE string (O

AEE 5yT, F.68.1
Carcl AEEE .00

IRPT Sy Lskring: ?.6.2

«LITARETY sLting Boldol

LIMIT .5.4

LLIET [me9g] 5.l.1

SMADRD name,argl, R
L= -

JMTRLL acgl 8682, .4, 7.0

Appeare anly wlthin & rponditiconol
Sasemts]y Blaozi, inmdicating che
tipginning of o aecklun of cade To
b assembled ancenditionally.

acts as a l1=line conditlanal
assembly block whare bhe condicion
is toETad for Lhe Brgunenrt
gpociftled, The “hatement iz
sxmambled  only {f the condiciew
Lezbs kroam.

nsetts a  specified  scuree file
within the scarce file currertly
being used.

rndigatas the beginning &L an
indetinlee reapeat  block in which
Lhe avmbul apeciflsd is replaced
wikh #mpcocessive elementz of  the
real  arqument liab enelosed within
arqie brackels.

Zndivebes  the Dkeginniang oL En
SewdnFlnite ropaat bklesesk in whiczh
tire apecified symbol takz=e on  LEthe
welun oI BucCedsive <charpghars,
ﬂptihﬂall? el lase?  wikhiin angle
brackels,

Rdde a gpecilled flle nane o &
MECTa ldbrary 1igt thek 14
oy Ciyengd

Hronrvas two words intoe which  Lhe
Task Builcer inSeres Ehio low snd
high addressos of thse task image.

Withowk ab arguameck,  the .LIST
directive incremopts the listing
rewnl  aounk B L. Wik 2
argument, whin Airective does nol
alsor the listing lave!l souenk, ot
formats Ehe assealy lizking
accordlng (= rhr arqument
apecliied.

sbart ofF a macrc
irgy the specified

Indicates ii
r 1
he Lallowlmg Coammy

fufinision
Gome o
crqumenta.

Apacifies the symbalic nazes al bthe
Ut  ar  SGymtam macre definitlans
reguired in the agsemblv of  the
CUITGNnT USeI progqrem, bot which are
rot defined wikihin hhe progeam.

T ETRLT W  t Ba en L P BR T PR B W P P e liia e T o nm memen re s w3 e 8 e e e
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MERCEO=-1]1 ASEEMHLY LAWGUAGE AND ASSEMBLER BINECTIVES

Foarm

s

Seccion
Repf{arcnoa

Operattan

SMDELETE namel  name?, ...

MEMIT

+HARG &ymhol

«HCHE swahol <striagr

SHLIET {argl

«HOCRASS syml  svmld, ...

HTYPE aymbal JAacxE

- 000
«FRCEED
+ PRGE

LFRINT eXprtexs

PEECT pame,attl, ...
.

. E
2Rin

7.3

R

==l

L= )]
i
.

Fd

R.1,5

=l

—

Deleres the definiticns of tha
gpecified macroial , Lresing virtusal
METO Y.

LHLENSES an o exlt Erom khe corrent
maceo axpansian ar indzfinice
Fepeas hlaock,

Appearing  arnly  within a b= Lol ot
definlition, equates the spzpiifisd
synbol ko the number cof  argumenks
in the macre call curecentiy being
2Epanded,

Appaarllicog  arywhere  in a BouTen
Bronirat equates Fhe gyming i
spesifled to the numoer al
characters im che specificd scriag.

Withoot an arsument, decremeabs kb
lizting level counk by 1, With an
arguepent, this direcktive sippresses
that portlon %3 Eoe listinm
specified by the arquwiene,

Dizalbles Lhe crouss-referenoe
lisring for the listed symbolz., Tf
8 2vmbel  1lst is pot  specified,
Lhis direative dirablexn Ehr
cposs-reierence  lLisking  for ail
svmbuls in the program.

Eppearing  aniv  within a maafe
delfinltlan, ejuates Lie z=ymbol ko
tha &-bit adéres=ing mode of  Lhe
gapecilied address srpreszion,

Enzores thait the curvent lavatkizn
npunTet  sonbalins an odd address by
aileiing 2 if it 1s even.

-

FGaunses 5 decimal aumber =F 31013
digite or les2s ko be packed 2
digits prr byLe,

Cauvies che agganbly llavieg or skin
=r:  The fap af the nexk pegs arnd to
imereanent tha Dage goent.

Usnr-invaked T B Ao e directive;
mauses  ouliol ke the listing £ile
at  Lhe CrHhIN G T omERilL HeawLog
fnialnlng the cptiloensl edpressioo
ard the zalalegent contsining the
Airecrive.

Beging  or TR - & nemed fy
unnamed progiau sectinen havying  bhe
suanified atbribubes,

3-1




MACRO—-11 ARGREMBLY LANGUAGE A¥E RESEMELER

HLRELQTIVED

Feapm

Buctlan
Refarsnoe

- e L ST RE R N S Sy

Onperaslicn

SREDTX o

RO E Setring

~REM pommentecharacter

‘EFT THHE

 HESTORE

L BRVE

CERTTL string

«TITLE =2tring

SWEAE syml, sym2 L.,

JMORD awpl, exp®, ..

1.

G.3.6

B.7T.d

Eitoeps RRe oorreab presras cadix te
n, whers nn is 7, A, or 103,

SENAISC=a a Blook i data
contsinig  the Badlye—37 equivalent
of the characler sbhring  ocrolosed
within delimiting characters.

RlZows 3
bilaock of

RFE2oEamEsE  te  Ingerl 3
CcomeEnts Into & MACRN-13

sourae Drogran withool  hawlng Lo

Pfecede Lhe caowmoent lines with ®he

camennt charactor Y.

Peyg i = ropsath

GoenTior n T

IR adwit Bl “h
Lo g To che: neuwt
BNl arp L EmDL dircective ta he
reprated Lae nusoar ab Limes
epecliiled ca exp.

lesrieyes aQ rreviausly LONTEd
pragran sectlai, Lrom the bEop of ke
EEag EFm s=oiiiom cantark gnack
Zwaving thae gurvenl progran s2ctioen
1m wlieck,

Ctores the current
un Lae
Cconlaedn
ACIRESM

WOaYr#m  Seirinn

Lopr ul the progsaa smaeution
Zhack loaslng +ho CUETENS
gadtice In eliech,

Ceausai the spesificd ustring b2 ba
printed a5 mart of  the aszemanly
iisting poge  mesder. Tihe atring
compnnent  of ezch JSBETTL diractive
tm cotleclad 1nse =& Exakile n¥
cenTonls b the peginning ol the
AsfdemEly Jisrin 17

Feselgnz Lhe Lirse 214 Facdix-54
charserers i the mtring a2z an
chient moduaze name and Jazzes Lae
2iring ta acpeat  on 2achk pRge of
Ehne asgenlily Listirg,

ﬁ?ﬂti:lﬂﬂ Gkt Ront o
Aefineed srtetnallsr in
module oF are defl
Ehe oddfcrent modele.

aithar
snsther

s wlabaliy  An

Noneratoys Samocssiye wards of dasra;
eAnh Wwartic coantalns the walue Al Law
carrespEoodife] specifiod axurosnion,
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LREPENDTE O

PEHMANENT SYMEOL ¥ARLE {[PST)

The meencrlcs for the POP-1% aperatian [ep]l codes  am] MALRO=12
assenbler Jdirectives arg sgored in the Permanenk Symbol Table (PETS .
Tha PET contalnz the syhbols  that are  automaticelly  recogmizea by
HECRO-11.

For & ratailed descriptlan of the op eades, see the PFLP-11 Procesaor
Handbouok

.1 QP CODES

lonstruction Qertal

Mhemonijc Valuae CEeratign

RLC [ fuld Carry

ALCE 1A550F AAdE Carry | ByLe)

ALT: ESAARR Add Source To Destination
5w FT2uan Ehitte Arithmetically

RERC ATadpp ruithaelle 2Rift Combined
BES5T AAE%AA Arlthmetic Ehift Le=EL

AELE LAE AR Arithmetic Shill lLaFf iEyte]
MER (S [SEoR: I ATithmetic ChiFE Rigk®

ALRRE lpa2an Arithmetic Shift Right {Gykel
= caiapn Branch IE Corry TS Clesr
BCR TA3490 Bramch TE Carry Ta 8ok

SR Adl444 Brawch TE Raund

ROE pzdan Branck’ I{ Greater Than or Equal
=G ppaiann Bednch 1f Oreater Than

bHI La1@An Franch I Higher

ZEIS 1g zgan Branch T2 Righer Qr Szme
BT Hag-App BIL Clilear

31C3 L s 1| Bit Qiear {Byte)

BEIS A5FAAG Bit Zet

IIGE TRA4HR BIL et (Byte)

aIT AiddaAaaad BRIt Tast

3ITG 13139Aa4 Bit Tesk {5vice}

OLE HAxdipp Branch 71 Less Than Or Ezual
SLa 1disipn Rranch 1fF Lower

ILOS 1F14AA Rranch 17 Lower OF Came

SLT AR T4P00A Branash I! Less Than

BEMT lggdaop Bramchk if Winus

BRE AR1ZAA Brensh if Net Egqual

EPT. LAgeaAn Beemh TF Bius

EpT NAAERT Areakpoint Trap

ER apaasa Oratich lUnecoarditicnal

ST TR A -




FERMBMENT S¥MEOL TABLE ({FRT)

IneLructlion
Mriemeaar g

BV
RE
CALL
CAILRE
oo
e
TLM
LR

TMEH

oM
oM

Cczo
CZICER

o1
EMT
EALCD
FLTW
L ITH
FEUR
HaL'
RA
TROR

40T
JME
JER
AR
IR
HERYVAC
L By

FEFPS

R T
.I"- 3 ¥

~
L8 I'_.-‘\-

M

ML
HIls
WAGE
Ninp
REZET
RETLUTRN
RTL
"o
BT
RCER

e e —— o _— T ———— T T— - — S_— T _—— —— — ———— e Sl R R R, — R R s § 5 e m— o ——_ ————— B S S R . T B e R SR e — &

netal

Valuas dperztian

1d2hpy Branck T OwvnrFlaw 15 Clear

1az4aas Brancéty TF dvrrflow Is Sak

TALTER Jump To Schracbtlne (J3% POxex]

HENIQN Jump [ZME o addr)

Fa32%57 T-ear 8l Cendliics Cadeos

saza1 Clear 2 Taeditiap Code Bik

QEAISA "lear M Conditiar Code Bit

AL iiaar Destinetiaor

1ASARF Clear Destinatian [Ryte)

PRl I B Clear v Csnditian Cede Slc

G 24a4 Clear T Cupnditian Code 3iE

T2RART Compare= Snurce Ta
estination

l2poed Campabe Seurce o
Treskinabkinn [(dyt =)

ARASITEA Congiament Nestinzticon

1351¢2 Complement DPestimstiom
BEvtel

FASAFT Desreginmd. LUostipnpotian

1353 TE Muirement Tastinotian
(Byte)

E7LAAR Div e

ladngpes cmulatar Trap

G7RA4% Flaatinz &G

FThE AN Planting Divide

FTOLRES Ploating Multiply

o I Floatkinz Sustract

CURd3n Halk

b el T Incremert Twe=kirnabing

I8R5 2Es Inorement Deskinsticn
(Rvtr]

dpaed Inpubt/Oulpul Tran

BAATSA Jramp

AALAEA Jump Toe Egbreutine

FELAQE Mk

[ Y. Yol POP-1175%0 Malutonsnoe

MYRHE L FOP=-31/7Ta8 OTE Malrkmna-nor

CaaaiE Mowe TrFal [reviags
InaLrucLinn Cpaca

19R7T¢A Murwe: Froz %

(L.82-11, LS1-21/23, LETI-L152)
gAanpg T Move Fronm Rrudsafsonr 'yun
FlSARG Move SGUrce To Deskiralkinr
lifipe Mcve SoeUurcs T Destipdbian

(Bt
AERnAy Mzwve To Previcys
[nstrostiosn Foace
lgpLag Move Lo B2

TLE1-L1, LEI-LLAER, LEI-131/2]
ATEEAd HyleIply
BES4A0 Hogate Tastinetian
lgsipe Megate Desktirstiasr [(Dyhs)
aed g Mo Gporation
Hetspy Rezel Erlernasl =:s
aGggzn? Fekurn Fro sakroutine JRTZ DO
[ F L I Rotzte L=lt
las_an Rotece Laft (Rypteo)

AE~anp Rotabe BlukE
_gsppa Robtate Rlabt {Byled
L=
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PERMANENT SYHMREGL TAELE (PET)

InELteucklaon Denal
Mnemecnio Talue fperatlan
Rz fAdGE: Bntern Prom Intercsupk
\PEITiks 3 Ersce
] Lrap!
RTS bbb ey Re:burp Fror Jubrawklne
ETT sAdpgE iaturn Begom InNtsrrupe
[fnhizits craczce trap]
che FALGAF CuhitEast agry
BECR 1ESAAR Subirace Tarrcy [Byte)
S0 aEELTT Set A7) Candition Uode Bits
SEL L T Sen 0 Jonerition Caga Pt
SHY AJADLTH See W Jordlivipns Code B1E
ZEV Hpp e 2 HeT ¥ Jopditien CTode Bib
~FR% AA@zEL Set Z Condltion CTode Gik
LR AIToAA Suabtrack One And Branch
SUB lrypean subtract Scurcr from
asrirzticn
= A A% =Ad Swan Rybes
GxT ugniun fiqn Extand
mRAE 14408 Trap
mTeET FISTAF Test Destipsbtipn
TETS JE57Tad st Destipacicn (HBytel
TCTSET CATARGE Test Destination And Sel Low BiEL
WRIT L1 Wait Per Interrupt
HWRTT LY AATIGS Resd /oo Dactinaklan., Weite Hhlaook
B Tmbkpo Tectinatian
o SThRICH Exporced Posctlan Oode
EOLR ATABEN Dxoiusive COR

COMMERCIA

INETRUITIO JET (ZIE) OF CCDES

Every apetzblcer listed in the 215 calie has twe irmtruction ®Rremonics.
The soaffle "IV, skhbached ko ewvery mecond mpemonic, indiecaksas Lhat whe
acdresses ars inlins. Tae Indine instruocsions I:'&-'.'_|_IJ:|.I:’E Lis atgumaenks;
the otaer instructians [egcepting LZ0OWM and LI rotuicre o atouments.

e e s i bl § 8 W FA T

instruchtior
Krpmenfe

ToLal
Walue

f Ry —

Dperation

ALK ATAARG prld Wimmaric

el b ATS1LR Al Mumes e

AnQOP ETEATE il Packod

ALGPT BRI AdE Faakod

ASHN GIRAZR Rrich=meclic SHife Mumeric
AGEMT ATh1SS frichsnetele: Shife Humeric
AnED BIGATH Aritbhmatic Shics Packer
RERFT [ T ) Arirhimetl> Fnlfe Packed
el pI e ATARR A4 Cempare Tharscter String
DHEG ] xinldq ComMpare Characker Giring
MBEH AThE LY domusrs Hoemerino

by ] 0 AavEH LS ComAases Komer i

ZMIFP HrRE T Comupacc acsad

ZHEFT ATERITA Compare Packed

[t il 8 ATEERT Cabvert Larg Ta Homeric
CWeLN L ATE157 Cagwert Loacg Tn Mumerio
2 g2 A7EETY Carvert Larg o Dackaed

it L ———

-
i
HEE]




PERAMRHENT SYMDOL TABLE (FRT)

T i

Instructicnh Mizoal

Mnemant o Yalue Noaratian
CVTLERIT ATELIT Convart Lerg To Paciked
[t M A75uas Tatwerk Murarjo To Packerd
CUWTH L Birethah foavart Mareric Toe Peoknd
CYTRH ATaa54 Conpverlt Packed Te Mumerio
CYTENT Hy61h4 Cainverk packsd To Hupearie
nTiE dvesTy Tiwigu Neairal
BIvelL AR TS Livica Deciral
Lacs AveESLd LoozTe Crardacier
LG ] dTaidp Loacales Charsacer
LATIH* BT5R M Lead A Bescriptors B (AN
LAiTu* AT R Lead 1 Nescripoors 3 (AMI+
EATY BiAA4S Mzt Chsracter
MrToI FIRLAN Mztoh TharaclLar
naove ATAAIE Mova Thoaracher
MO T BrAal=R Mowe Charaooor
R EYRATI Moun saversa Justiflied Character
MOVERD I ETA13] Muowr Heversge Justlffied Character
MOyTo ATHA3E Mawe Tranala=ed Charocter
MOVTS T C7AT1H: #ava Trapslated CharacLer
MULF A7¥AATY Mleinly Dezirat
MULPI ETR1G4 Huliiply flecicial
o 0 L EFBRAAZ Ccan Chareas=or
BCAMGCIT HP6R14= Cpan UCrharsanroar
SKEPD Avhfdal Skip Character
SEPCT BTE14] hip Characier
GPLAC RTREAS Cpen Charaszer
BPARNLC T ATsl14a% FpEn Cheraaror
SUBRM BTEAR1] Subrcrac- Humerino
SLBHI HPa151 Fubkrank NHunaTio
SURE HTEWT Hubcract Bachad
FUEp L WPEZTE S:lbract Facked

*  where ¥M=f,..T

FLOATIN: POINT BRASTASSR 258 COLES

Taskinstian

Mnemanis

HBET:
RESE
AR K K
mDLF
o

CL=
CLAF
kTl
CNZT
TR WL
LIvE
LCCDF

LT[

LIC LS

cotal
Vel

R L N—

17aGae
17ARIS
17203
172eeA
17AREd

1704
173480
173400
TTadAd
'rand
174dA0
177dA%
ITrina

L3dann

Speration

Make Bbzclute Toubln

Makn Abimolote Floating

hid Doukle

Acdel Floatines

Cupy Tlaating Conditiun
Clenelezss

Claar Toubin

Tiear Tloaking

DofEAre wmable

Compare Floating

Diwiclie JIonlkle

Diwice Fleating

Lned And ffznvert From
Noukla Ta Flastlrg

laad And Carvnrt Fro—
Fivatlng o Doubla

Lead and Convert Tacegors o
DoubZe

i

- —
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PERMANENT SYMAOL TADLE {PST}

lnstructicon

Mnemanic

LInCTE
LECLD
LL.OCLE

LI
LLOEEEF
L.IF
LOFFRS
MERD:

R M
KCDr

MTPRD
MILL
KILEF
KELCD
FEGE
cETD
~ETE
SRETT
SETL
SPL
STAS
STES
ST

STITI
STCDL
STLFL
STLEL
STLCEPL

a7
STREP
57F
STFES
STET
SUBD
SUEER
TETD
TETF

———

- —

Dotal
value

L U L e L, e ] L T N ] P P A

17706&
LytEaag
T

ivzdnn
1TRdAY
1Fra8n
ITELRG
1rRGAR

1T1&RG
lLsraad

1 ARGHS
17igad
L7Epsn
L7a7h
LTavEA
1L7ARLT
LAGEEL
LrEAan?
A R
ged2ag
17aAAE
1F3AAG
176ad8

173483
17548
17a5ed
1759¢4

Lisasa

Ln

L1T4EERA
L75and
1T43AA
1722dR
17TE388
1730w
1738488
1TASAL
17TALES

OUNratien

Tarzd And Coenverk Thbeder Ta
Flusilng

Losd &ad Conysrt. Leng
Integer Ta Doubls

Lead Ang Canvwerl Lendg
Thteger fo Plaoating

Load Dauble

Eoao Expohnetl

[oad Fipating

Load FPP2 Frogrem Htsbus

Favse From Praevious NDatca
Space

Multiply Rod Integecize
Dozl la

izltinly Rrd Inktejerize
Plaszting

Mowe To Previoos DEcy Space

Maltiply Bookle

Multiply Floacing

Begats [oublis

Megats Fleating

et Doubhles Mooce

Aok Fluoabking Mode

Set Integer Mode

Sek Loty Tnkegetr Modse

Sut Frlority fevel

Diagnoeatic Fleatipg Poipntc

Dlagnes:ie Floatimg Point

“tare bad Convert Froh
Souble Te Fleating

Store And Convert From
Qoukle Te Ipktager

vtare &ni Conpvert From
Timabite To Long ITnErgerg

Stare &nd Conpvart From
Floarting Ta Double

Stare &nd Conwart Fram
Fivering Ta Integor

Stare And Copvert Foom
Fimating To Lang TObeder

HAbhore Doonle

BECEe ERPOMENT

Arore Tlaabling

Store FPPa Program Slabus

frore PPFEs Shatus

Sphrrads Dnoohle

Subtraze Fiocatlny

Tesc Dautle

Test Floating




PERMANEMT H4YMECL TAOLE [P5T)

Z.} MACRO-11 DIRECTIVES

Thi BACRO-11 direcbkives Lhat follow ere dosoribed in geeater detai- in
Appendix L.,

i o

Direrk!ve Sunckian

CARCTT Trans_abkss characeer nnring o 25007 aquivalents.

L Transrates Thataoter acting Lo MECT!  cunivalenks;
insErky yroro hytu R T I ol R el T4l i

+ABECT Beging  abeclyte  arogram seotion (prowided  Eer
COTMERTiDEliILY with obher FLF-11 assomhlorst .

. SLHA Rezerves bwre Blocs In afcordance  wich  walie of
gaoecifiz=d zrousant.,

 BLET Pesarye:=: wiat<d bilocy in coanardnnes with swssioe af
spoerifisd argerent.

LE¥TE Generates soroessive byts daba in accasdance with
spenified zegument:z.

 CRDES Enab_es crose-refsrence  listing Lor apeclFled
symhalar enablzs craez—dwforencs Far all ﬂyﬂkqlﬁ,

LORECT Begine relocatsbc proarsm soctian fprcvided oy
spmpatihiliey with othey 20P-11 asssmblera).

LOSRTL Dizablez specified funcliarn,

P SHRE. Enables sponifizd Ffuncriar.

] Hefines logica?! opd nf snercog TEOqQCon.

N defines end nf oonditicnol assembly bBlook.

« SEOM befinez end of macro delirlblion, repeat lack,  or
Indelfintte ropaan LiToos,

» ZHOR Mefihes ehd nf Aureont Popest Black [Frgviﬁed far
vompat thilicy with athar 2OP.11 aszembleral

. TREOR outputs diagrcatle mesgage toe LlskElog  Fila or S
commatd curpuh device.

r ZVER Word-212Igns the currenk loozaticen countar,

LELT2 Calgas bwe wards ol Slorade Lo Lbe gongratad oy
machk Floating=poickt argunent.

LFLTA Calges Saar words af Zharkge e deer guaccarbod 'or
gach flpating-poink srgomest,

LOLOBL Dealares giabal atkbriboke fop zpeoifites symboliat.

ITDENT Talbels phiieek modile with spenifled L T T
verslen pambnr.,

LLE Bedins wonditicnzl ssaesbly Ziaak,

TR Beqins suncundibiznel g dembally alack [if
renditional assembly block ezt iz false)].

BT bBeqg ins subconditional ssEsmbiy black (it
condltianal assexhily Block Erot i Crue)d.

IETF Bog ins subraonditional  aszsembly oDlack fwnther
conditianal auseambly Blesk test iz true o Laise),

LTIF fiagenkbiea Immedlate foadirlansl ansombly s=atament
Mif apecifled candibkinn o satizfied).

P THLLNE Infsorts speoilfisd sourece file withln =zource Lile
CUFTRBLELY DEipdg L&,

- TRP Beg ins indefinlts rapeak Alaockr :ep}ac&g

Sspacifled SyRiooi wlth s2eCifiazd snocessive raal
YQUTIEenTE .

L LRBED Lierg i miss inAefinitne Frpoak stock; TET
nprcidind symba] wikh valuoe ol suoce
characrers in apecified string.

.LICGRARY hidds 2 gpecified Filre nams Lo & macro licrary Llet
that g2 Zenrchad,

lagez
e




FERMANENT STMBEOL TAELE [(P5T)

Lirective

Furnation

o

S,

“uy

“ihy

«LIMIT

LT

HCRLL

MLELETE
JMEXIT

HARDG
MCHR
NLIET

SHOUEROSE

 REYPE
n] ke
LIDRCKED
. PAGE

« FRINT

» PERET

LRADLYK
« RADSC

|

HEFT

« RESTORE
« SAVE

« SETTL

+ TTTLE

«HWEAFR

. WORE

T A e

_—

Reserves twe words of storage  for hioh and low
adidrezzas ol fteak lmage.

Tunkrsls listlng level ecsunt and Larmat o
AazunThly listing., CJWMACRLY denockads =ibart al mactro

definiricn,
Ifentifics
azzembly.
poletas k5e definlbinns ol Lhe zpecilles pacrala).
Exit from ourrent macre dafinition or  indefimite
repezt bDlock.

Fualkes sgpecltied evymbal to the rumbey of
nan-Keywsrd srguments in the masro sxpandiabia
Exquakes sprei fiad symbn 1 (%] the ruEbesr al
chorackers in the macoitied character soring.,
Coantrals listing  levsl  npouny and RUPPY SRS
gpecilled periiceng of the assembly li=sking.

Togquiroed mAacro definlblons] It

Misabkles crosa-relerence  listing Swer especified
ayflalsy Alasbléas grasg-velarepse iisting Lor all
symbolsa .

Equstes gpecllizd symbols to Che
af the gpecillec ercument.
Evte-alians tio warrert loaaticon veanter,
Cenecstes paciked cerizsd dsta, 2 dingits per hvte,
Arlugnoes {ora ko top of next page.

Frints smpacified mpessege on coomand oukpat devlee,
'ﬁf-gil_qg spe:ifipﬂ nEaqEam Ssention kaving 5[:-&-:.';511:-'_1
attributes.

Changdes current ptogrem radiz to apeciiled radi=,
Gancraztes data Hlock havleg Badixz-S0 equlvalents
cf mpenifiled chareoter shroing.,

Inzerts & bleck of comments into a MACRO-1X Sausroe
cragren  wWikbhout  Thawving to wrsceds comments linsa
with the comment character {:).

Birgins repeat bBlozk snd r'e‘pli-:a:l::r'\. e accarding kboa
the value aof the specificd espression.

Staras tiwe correst parogroam Scotinn Cobbe=k oan BTy
top of the program sectich contewt stank,
Retriewvss the progras seccion from the top of  Lhe
progras seelioh dohbely Skack.

addressing moda

Primts specified subtitls kext as the sacond ling
aZ the assoembly listing pace heador.

Frinte gpecified ticle text a9 ohiect module name
ivm  tke filvet 1lne of the assembly listi-g pags
Foader.

Fpacifins symiband s tamt Aare aikcher CeEfFLned
externally in another moduls: or are GSefined

ginbel %y In the Sureent modiele,
Ganerates guccessive word data in acecordancs
specified arguments.

wich




o e o e e o o 8 gy o oy W W "1 H Y PN 0 i |l T W T N SR T T P R T S I el A T P ST R T PR T e




P,

WPFENDILE 3

ERROR MESSAGES

An wrrer code is printed as the flrelk ohaescter i 2  spuarns
conptaininpg an wrrec.  This error code idzntifies the errer coe
decected during the processiag of the Zlpe. Txemple:

LF] 25 RGFAIAL N1DLA MY HI Rz A

The sxtrsnesas argqument A in the MOV instruciion zbove fauses the line
to be flagged with a O i{eyntauw) @rror.

EEFul Cade Masrinm

B pimenbly error. DBecauae many dliferent copditioans
pradure ki preod fessage, bk dirsckives which
may yield a gehecal asdembly  zritor Rave  SEED
cataqer ized bhelow L refleck Ehesa “rTRr
conditlians:

CATEGARY 1: ILLEGAL ARGUMEMT SPEITFTED,

CEROTE —— A vwalpe other thap 2, &, or 24 is
epecified 29 & new radiw.

LLESTS JHLIST -~ Other than & legally deilsed
g ument ioee Table A-2?] is spooifisd with the
Tivecklve,

« FHABL, (O25E8BL —= COther Chen & legally @efiqzd
arqurent {(5ee Table 6-31 1= epecillad with the
directive, or Lhe atbribastn srgqueents of 2
gepwiously declared plodran Sectian,

«PSRECT —— nther Lhapn & legally dofined arguwsent
[5aa Takle fed) ie speclficd with  thao
Glrecbiwve, or the atbribute s:zgoments of A
rreviougly declared program secklan change {ses
Section 6.7.1.11.

LIFSLITE == Other tham £ legally geflned
carnilbional  best [dee Table f-£) oc ak 13ilsgal
ATYMERT expression valuwe s gpeclfied with ghe
diraafive.

JMAMCRO -— An lliegal or duplicaze symbol found
ir dummy Brgument 1ist,




ERRDE HMEFGAGES

srrar Code Megring
Eoioonts, ) IITLE -+ Proarss nete is not specified in Lhe
diveoblvye, ar First noc-klsnk charas_er

fallowing Lkhe Circotive i3 @ nor-Radix-5a
SohErachkar,

STEPSOTRED —— Moo duminy apsument iy goeclfled Ly
ke directive.

RARCS MUHARY CETYFE - Ho svmool  is specified
1t Ehe Jdirecsire,

TFSLTIF -— Ko cendit fanal arqamert iz
apecittad tn Lhe direchiye,

CATFSORY 3r UMMATOHED DEZIMITERAIDLESARL  AAGUMTNRT
TONTTHUCTION.

CLASULTA VARCIES L ALY L IDEAT -—- Sherackter BRTing
at  argument slcling del imiters 90 nok mateh, or
ann illegal cheracter is uged as o delimiter, or
an illagal arqument canstrockict iz sged in khe
directive, '

SHMCHNAR —- Skaracter Skring felimiters G0 nokb
~gioh, o2r on iilegal cheractse 1z used as a
delimiver in Lhe direcllive,

CATREG2AY 4:  GENERAL ADDRESSINE ERRGRI.

Thlu kype of arrer rezulca [row one ol soweral
possible conditicons:

T. ®ermizsikle range of a Zranch  lnstcoostian
ffrom =12 18 to +127(18F woras) bhes been
auwannded .

2, A statement makes inwvalld nine af the
avrrenl. Jad&btion conptar. Hor exanple, &
"o=urprasslon™ statemant nttempts kz faroa
th= current  locatiobn counler Lo SresSg
program s5ecticen (LPEECT) boundar [ews,

1. & Biatemernt ¢nprains sn invalid zddress
EApresEian:

In cases whe e &n absolute agdressa
puprnssion is requirved, specilying a olabel
syvimbkal, 2 roloostable walus, or a3 compleax
relocakable walurn Isee Section 3.9 resultes
in arn invalid address  expression.

I an vadelined syabol ls made & Aafaglt
global reference by Lbe -ERAEL. LBL
divective (gee Heckion G.2.1) «during passl,
any  fbktempt ko redefine the symbol doevinag
pass 2 will resuit in an inwalida sddress
BT RSSO0,




ERANE MESSAGERS

R

Ertor Cods

e e TR BT

Mepan] nag

A [coekl.d

AT
T

E

B T ke T e e e i

In  oafas  whers a3 relocatzble ad
eXprezgion I reguired, eithea .
relogatakle Qr EEREET-IE N S o value 1
germigsible, Ekuk a global =symbal or
aarplex saloosatabie walve in the statemsnt
resales i oan jovnarin &addrosg ﬁupfeﬂﬂlu:‘

1
il

crar

- T~

Far exsmple:

LRLERA LRIERS VBV FT -— 2iher Lhan an abscliute
valua ar an expressicn which r=duses Lo an
gbaalute walue has broon spoclfles w1l the
clreotica.

A, Multiple exprosszlonz are nol separated by oo
SomaA, Thiz cocndition oaousss  rhe  nexdb
vkl toe be evaluated az psrk ol the
rurTenl expredaslan.

5. JORVE

«n The stoack Iis foll whore  the  _EAWE
filrecriga

[
by =)
iz igsuad.

f. L BESTORE == Tha stark Is  wmpty  wierr the
JBESTCRT directlive is izzued.

CATECORY S: ILLECAL POHWRRT REFTRENCT,

Thls bype of errar resules from 2icher o twe
npagikle conditions:

1. A gtobhal a4 ignment slakemaent
lsypmosl=-—eXpressicn ar  symbol=sgaRpras-
=fogrt econtaing = forwars roefarooos kr

annthar symbol,

2. An auprezsiep defining  the waiue of Che
currernt lacation gounter oontains a forward
roFoeremnocne,

Boaindhag seroc, Inscrwctions or  word Eatm oarpe
heing assemblad  at an odd address. The dewation
cogunter P8 incrementod by 1.

Doubly—dueflo=d symoel referenced. Rafrrence wWab
made to a symbel whkich 1s defined mote than onoe.

End Adireciiwe nat found., When khe efd-oiéi-Lile is
tearched doring source inpukbk and the _ERD direcilys
hiasm not et been encountered, MACDERD-lI  generotes
thi= error onée, ands  aszembly w©Ds3a 1, and
Frocesds with azsembly pass 1. hleo  oausad by
asaenblersstock awverflow. In this case MACRD-1L
will place a guestlon mark {7} ince ths lipe  at
toe noint where the averflow sccurred.
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ERHDR MEZSAGES

Errar fladg Meznieg

1 Ilieyal snarézour detecbec, 111legal «harsoters
which ar: alse non—princable  are replaced by s
durstian mars (%) on Lhe Tisting. Thn  chatacler
is thaa 1gnored.

L. Irpuk Lire is greskar than I152118)  chateckers  in
lengtk. Cuccentiy, this arror condibion is sSguzed
nOLY  Cusing mAacrc  expansion  when lapger  real
atguncnts,  Teplacieg the damoy arguments, ©avss o
lime bBu exeoend “3212p) chertacksrs,

K MUZLiple delfinitiaon of o lsbuel, A lab=l  wag
=ecounterzd walch was equivoelenk [in fioe Lirars six
charatsters) ko a lohel previzuesly encounbored,

Y A oushar contsing & igit Ehal in net ' the
rurInnt praqram redir. The nwhibar s avaliaked es
4 dacimal walac,

i Tpced e Crar. Slrective [ J1 3 (=3 conlexs,
Feerm:sgibze  neskipng level Jeotn far condiriona?
adgemb” ics has besn ewcnoded.  AtLempt ro expand =
macre whish waz woaidentifiad after MOALL search.

L Pheze wrrar, A lskel's dafinitdun of value wvarics
From  one assemhly  BE4g B0 a9 her or 5 mulrinle
roflniticen of a laozal symael wan cocurrved wikhin o
lacal  zymlal black, Alaw, whan in a loocal symbe L
Plock definef? by che (ERARL LB dlirentive, an
dETampl has pooureed be defing & Zecal symbal in oz
pragrsm nenticn olner  -“hap bhas  which o was  im
cffert  weoen Lhe block wae enterod,  An errar code
F zlse appears if 2 -EMROR girpckive is
Aasnsuahled,

Q duesticnzble synbas., Arguments are missing,  bkaa
many argurenZs are specificd, o the inastrootian
Hudn wWas not comblebod,

n Regintar~rype wmrror, En Iewva’ld use al e

reference  in @ register has  been made, ar ag
AEZERTFT fEeus  huen made te redefine & standard
Tegizter wsyrbol wichout firat issusing the ,DRARL
KoL direcllve.

Truscatian arret. A oilmher generaberd maore thasn 16
Lite in a word, cr an exprossicn Jencrated more
than & slgrlfleant bita during the use of the
EYTE dirertive of trap {EMT ar TRAP) instroction,

1L .

e -
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Eryar Coda

ERHOR MEISSAGES

M= ing

u

)

Undefine?  symEol., M undeFfinad Eymbul warn
anoounlead daring’ tho evaluaklon of £
RENEREELAN;  Sush so andellined Bymbol 1s ansiqned
a walae af gore, Other podsibie vonditions which
realt in this erver  wvoda  ineclude whsatisfied
waern ames in the lid: af (KCALL argudents and =
dirsct 223 lgman {symbel-esprossian cr
Eyooli=egprassion'  scatement wnich contalne e
Larward] raference fo a  avmbal whose definicien
#laa snebalrs a Zorward reference; a&lsc, a lacal
syraoal may fave  keen retesjecced  that  daes  rok
axizt in the surven. local symbel black.

TnaLructlian =rrar,
not monpeatible
fanily.

The ipstructlior so flagged is
amcey 4l members al bhe PRS-1]
aee Rectian 5.3% Loy deballs,

— T R e

—F

T T . T 8 e e L e L L P,
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ARFre,

SFETHNDTH E

SAMPLE CODING ETANDARD

Locel user reguicements must ba met in 2 coding ebkanderd, Lok
Eollowing thla model as closely sy possibls heips yoir #nd DTGITRLD by
Fimplifying cammunication awd scftware maintenanca. Remenber that
thls is a zample and ray oo entirely apply to yaor systam,

2.1 LIMNE POHKAT

Sauece lloes ate Jrom an= bo elghty characters in lendlk with  the
frliowing farmes:

1. Lzbel Field - if preeent, bezins ir column I, This Fisld
ahiauld be coded ln anpercagse ohnly.

n

. Wperckicn Field - Beging in celump 9 {kab step 1. ™ni
field shouid be 2oded im opperoases anly.

e Opersmi Field — begins i calunpn 17 dfan stop 23, Thig field
should ke coded in uprer<ase oniv.

4 carnent Fiold - Tegins 19 calomn 33 Ttabk =Eop i1 . TF tive
azzrand fi=ld  extend:s bevond coclumn 33 [tak atap 4) leave =
ypage snd sktart che commenc. This field should ke codze 1n
gprereg=se and lowerecage Lo lncresse resdabllity,

E.2 CTOMMENMTS

To make the progeram easler te understand, commsanis shaeld be  sed fo
explain Ehe logic ek i ned Fhe Instruzstlans., [n guneral thiz will
coosist 2f & comment pec Dice of oode. Bowewaor, 1if a parclcoalarly
Adléficult er ochacute secklon oF eode 1s L, pranaﬁn that ==ction
withk a langer explanaticen.

commants that are tooe long for the momment field nay e sontinced on
the follawlng Lleoe, BSzagir the new lipe with 3 semicolan, gpacse aver
ko Ehe &alumn bbe ccment began in ond centipue writipg, RIY cummenlks
chould bn written in cdpnroase Fod lowercase Lo lewereg e rescatidl izy,




GAMPLE CODING STAMTARD

If o lengloy kext is nesded for an explanstion, begin the comment with
A Files vonedining awnly ke charecters :+ acd end 1t wikth & lioe
containing only the crharackers ;. The lines between these delimiters
ghoulid esc™ begin with o semicolen and & spevc, For example:

.'.

Toe inverl routins accepts

2 liak of raadom nubiera =nd
applies the Holmodgoreyw Algoriblm
ko alphaberize fiham,

=k 77 @ =3 o™

E.31 WAEMIWG STENDARDS
E.3.1 TRealsters

E.3.1.1 Geteral Purpose Registers - Use the default namer

Ril--%0 (RECOA

Rr=k] JREG 1

Ri2=%2 rR¥FGOF

R3=33 sREG 3

Fd--%4 JTHED &

R5=%5 sREG &

SP--%4 iotank mainter {REG R)
Pii=47 IPregras caukber [RES T

NOTLE

IThese reglester nemes are definsd within
Fhe pssensnler; other sbandard symbels
muzkt be put in = £33 and linked wikhn
the pragrar.,

E.d.L.2 FHardware Regletere — lse thie Rardwace d=finitian, For
eNsmple, PO (Srogran Scatus eglsbzr]l and SWE (Swlteh Register).

E.3.1.3 PDCevice Begletera — Use ths kardware motation. Far  rmxampla,
Lhe fontenl ntatuyg regizter fep bhe RY Jdisc i HECSH.

E.53.2 Processar Prinrity
Testing or alk=ring the nroceazor priceivy is donp wsing the symbele
PRA, FPA], BRE, ......F27

which are eguated to whemir sarcospending prioxity bit pattern.
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BAMPLE TODING STAMDARD

E.3.% Symbolo#®

The [ollowing chatt disagrans fthe Swntax of the 5 majar SYPpRs nf 5yth91

namaes;

svmbal Fas-1 oE-3a twa-1 pus—4  pas—3 pas—nh  langth

nofn-oiokberl Tettnr p-numyd A2-porS a-nomd a-nom; s-weans el
symbsal nall aulkl aull null null

qlﬂhai I A-nun a-npurd A2-numy a-nieny a-noms el
5?mhn] * ¥ nual’t LHEN! RITHE! = 1F ] rel

Gloliai Tatsor  F4. 7Ll s-nuwS  a-nomS o-namy F=3
cllzab W nnkl mull ocull

flebal bit lormtor  A-mse 57, cAa-nuR a—nusEy Aa-nue =4
Eattarn *xh Aukl roll

Iocat nunber 5 ral
mymhel X

whnre: F-num iz an aiphanumeric chareoter,

m.E.3.0 Synboel Examples

Won—Glabal Symbols

MALE
THCC]
INERT

Al
-

obal Addrees Symbols
2 )
SWECTH
LHUEC
Niphat Absalore DIfzet Symbals
moTM
ASKT

AL EYMT

& gSymbols cthat are branch bargeks ave #2lso oallsd lsbels, bBab we will

alwaye uwse the term “symbol".

** Nurzer i3 in the raage H<number<aLbSib.

RN Php oune of B onr
moftwsre.

N far gilobal Roanea 1o

FeSaerwnd Faur BU-spapl 16




SAMPLE CIDING ETRHDARL

Global Bt Patbern Svymhais

BlLR
J1.mM

Loeal Evmbala

$3.3.2 Local Bymbols - Target aymbols for branckez that exfist holgly
r sitional reference will use Tnoxl zymbals af Lhe Eacm

numa s

Louval symholz are lormatted such thet che nombers proneed mecuentislly
down Lhe page and from page tc page,

E«3.3.3 Glabal Symbrls - Use of glebal synbol=z s rastricted, withime
teasan, to thoge cases whern referencs To the aede wocars oxternal to
the oode,

A program never oonfbaing & (GLOGL sbatem=rt withoot showlng céune.,

F.3.3.1 Hacre Hasies - In & maccte pane tbe last twe characreer:s last
vharacter pogalbiy Leieg rell) heve special significance;  the next to
tast character iz a 5, the last charsacter specifiez the muwdr of  the
aoro.

|

Eor exmmple, ir %he hree macro [orss In-1ne, stack, and  p-sontion,
the dn-Ziize forp has no zuffix, the stack bas an <5%r suffix, and E-e
P-zechion a 2Cx. Thos the Queus IS0 macte cabh be writtien as acy of

.

i1

o

[Py

u)
0

=

Lt |

[
L[

o

c

i

Gdepetrding on the ferm reculrad, These are not rzsecved lotters.

E.2 3.5 General Symbols - Make Llreguoently csed hirs patteras  Sus~ az
féreiage  return  (CRY and ling Fesd [LE) conwvenbfanal symhols aa Lhey
ar
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GAKPLE CODREMG STAMDAAD

E.4 PROGRAM MORET RS

There are no limita on  pragrem  size, Howaever, sinpce: the wirsaal
meinory  gapacity of 8 comperer is finite kecp prografs a: compact g
paEEible by

1. creshing them Zoucr a single Forctien

£. writing cthem jn aczardance with  the memoty allzcatien
guideiines in hppendiag P,

Code aroas are alflerens then dota areas, Qods (5 read-snlv Lot dats
can  be  cead-only ov read-wriks; road-only dats should be segregated
frar tnmi-wriTe dats. Hoth  arons, zade  arnd dacp, should  hawve
crplanoltory coMibanzs,

E.4.] The Module Preface

Pat each progras moduls in o sepsrace fils. For easy reforenoe  the
Sile name should be similar to the rase of rthe modale. The fIto sype
i3 el the form "4MYY whare "AEED iz ke edi ct fthe war=lan ~umber
rgee Seation E.3). The avalianility of File Conktrel Sprvices apd Fije
Cantral PFrizmitives wil? greatly simplily version number mairtopanos.

“ed.Z The Module

Below 16 = izt of the Inkurmation that i3 imcleded in the exanple
MATRO=1L modile fgee Secbion B 280,317,

The inforsaticrn iz formabctked as fallows:

iy The firsh alx lrems BEREAL ON ki onamo nage and deo nob have
it iait keadingse.

2. M GWHLIET seatazment, foliawed by any HREBLS LTARET or
SHLISTSULTET nprkions  that 2-¢  relewant o Lhe assenbly ol
thiz moduln, follewed Ev & wWakbching LLIET alitpmene, The
LHLLET  shalemert has @ comment appendss] to i+ specifying the
module ed1s Tuvel,

3. A LTITLS stotoment that speclies the name ol the moduie. TF
e module  coenteins more thae ane routing, SBTTL skatoments
aAre Lmed,

4. Heversl SR startements givieg the name, aenusral FancLian,
and  werslon  nurper of  the maduls, The LGETTI dirackive
ingerts this infarmatien in the table of conkents  For gudos
refeEronme.

5. M JLDEMY stobemett thabk suenifisg the ynrsion namber of EhHa
modirle dzae Seciticn ELA),

a. & copyvriyht stetAamant, and a disc cimer, Lallaowes byvy 3 Fore
Femd, Hote that the copyright, eveo *heuvgh a commont, shoold
B2 all apporcasze. Thie Insurns thot the cogyrigh® will Le
presentad  oorrectly, ewvor on & berelnal  that  eniy  has
TEEEY It F-1- 8
E--5




9.

1T

11.

12,

14.

SRMPEE CODIMG STAMDIARD

The nande af che faciliey, what the madale 1s 3 gart of.

The name cf Ghe agthcs,
The deke of moduols crezciesn.

E oo ar Bwa 1ine abatrrack af ke Yuncklanlel af Ehe madaole.

-

8 desario-icn of TGl
ix

'k pEternal feflafefncas madge b? Ll
one per line, =)

-
Lpkhobeticol aroer.

Aohranclogizar 2dic crall of medlficaticne to the medoeles
that includes tho Zellawings

& Eeir opmmiess

& EfiterTs Pdentificesticon

w Liif dAbk=

w deseriptlon ol Lhe medilicacien race

HOTE
Teemsa A bhrouaghk 1% gkonsd apoear on the
Samit RN E.

Fay felercnses to osdternal  Llles, wusing the (LIHZARY and

JIMOLINRE direcilives,

LMORLL's =a enw opterseily defined macras.

A Llsl ol Lie delinliiana of 212 equatsd syambals used inm the
mudul=. ~hese definiticns should spusar qne por ling aad in

alphehntiaal aridcr,

Ll larmal
urder .

maste Jefiniticna, wprelerably Ln alohabelical

Al lacal dakz., The fapments in toiy Secklon showeld ioelode:

¢ Deszription of wegch elsmecsk deype, 2ide, and so forth)

& Organizalisn (iunctionsl, zioheboricsl, adlacert,  and 2o
forth)

@ Juileocency reguicemanlis (1D any

fi form feed, {wllawed by A EETIL etsrement describing the
Teuntine tioar Tollaws,

& Toutine headey, giving the £followins information:

Faodlime nana

sl r i e ik

Inpuitrs

ralling sagurmas:

DU TpuULs

Zide effeota, ragistor wnegn, and =o Farkh

HIVTE

Items LE &and 19 are regpezied Lok
cooukizee wiliiZnn bhe modale.

By



SAMPLE CODING SThEDART

£.1.3 #Module Example

«MLLST
« BEAMEL GRL
SLIST MIB

.LIST

STITLE HMECTH- = Jrnae—cniy mode foar the MATAD-1" asaemhler
JARTTL MROIMI - usve—only oods Eor Che MADRNO-11 sascmb:lor
. SRTTY,

. SRTTL LIDBMT Sy sEoALlS

- 5BTTL

 IDEHT Avas._ady

TRAAFNEETXTEXRETIEFATINFRA A DA RL A A S b ApadhhedArrddd ettt radrrwR kbbb fa bk

CAOPYRTGHT iz 19AL, LHLd
By DIGLTAL ZQUIPKEWT OORPCRATION, MAYHARD, MASS,
ELL RIGHATRE BELSERVED.

L ]

-y

"
L
¥
W
&
THif SOF~wRGE IX FUFRNISHED UMIOER 2 LICENDE ARD MAY DBE UPSED AxD OOELED *
OULY M ACCORIANCE  WITH  THE CPERMS OF GUSRE LICRYMET  AMD WITH THE *
IWCLUEION OF TAEZ REOWE CARYRTCHT MOTICE, THIA SOFTWARE O ANY OTHER §
CTOPIERZ THEREOF MAY HOT RBU BRNYINDED MR OPTHERWEISE WADNE AVAILASLE TO ANY +
OT7HER PIZRSCHN . WO TITLE TO MR- OWESRERETE OF THE BAOFTWARE IS HEREBRY #
TRAHNSFERRTL. L]
*
#*
.
%
%
"
*
*
*

m mp Ry Ea

LS

TAE THESAMATIAON TH TH1: SOFTWARE [< BUBJECT w0 CHARGE WITHDUT HOTICE
ARD SHOULT ®NOT BE COMETRUED RS A COMSTTMENT  BY DIGITAL EQUIPMENT
CORPDRAT [N .

DISITAL AEEUMES HO RESPOMSTRICITY TOR THY UET $h RELIAASLITY OF TS
SOFTWARE OK ECIOLFMENT THAT I5 WOT SUPEFLTEL 8Y TIGTTAL.

= % 3 3 & = F % K F o 3+ 38 B F K W

-

TRkt hwrdv kLt bR iR Al b et AR FANE L R RS PR A AN Rk AT A A R AN Rk R AT AR A bk

+
+ =
R

FactliLty: MARO-11  The 20P-17 macrs assephler for BTAASN ™S and RASTSAE
hathor e g YWarrail

Created: 2l-hag-Hz

Abvshract: MROTHT cantzins node anly exeopied dhte per fhask lAwvneation.

Bxternals Mesari A% Ton

mE L ME ME M A ML W ML T4 I M M W N A MIE W oW A M M mE WE Uy MR = i omn o wm e e R

SLTRTD Tile-L% o the system litrary accaenk {LH:[1,11:
SPOSTO File=TT of The B/E library acocunt (LB:{1,5]1
SETADF orkille skatlokles Guifor
Editc whos Date Tadeription of medlficetion
AR1 ™ 2h-mug-22 gandle /05 .TARSE modul:s,
AGZ Jrw A5-LSep-3z Bllaw recurzive FTMLIS8's,
B3 Y TA-Nou-a3F Setyn stabistice bofEaE,
L g

Fxternal file references

. LIBRARY JMRCLTIRS rhod MACLTR,MIE to saoro likrary llste
 INC LIS FMAECPRES iInclude MACPRE, MM 1o asnemply




EARDLE DOZIKG STANDARD

libkrary Y_MOARLL'2™ for this medule

TTYE

bae BQuisbed Hwembale o

ena Lomal maxoros L.

e Loadal Hata oo

r
: TNLRrRE.
E
MR
?
; Eonasted symbals
r
I
r Local pasras
b
: Local deks
7
A [
SARYTL O SINLT -

STNTT

hore Facause:

IHFUTS:
ChLL:

CATPUTE:

the DTV

BEEECTS :

mr b Ar MF S5 Ar ma e bu he e oma b Be odw b % e T e T E W

Handlg ance nnly code For MACRD-11 sseacbler

Thils fFoitkine 15 a coLleciion <L all the ande, arly nxenoetrd
oaoe Lnoany ons fun ol Lbe MRACRO-11 Loadk.

It's callagted

It's Irgirm] to hkoro i in ome plso

It keeps the =ode out of the roar, kacping
Lhe zmcgemblier SMALL.

nSa

v

CALL ATHIT

Becord menagement, statistics, and FoE hufiers
arc sATUR. B8

If ERp =svavom corsbkbaiies HEPI- JTN o) oL Y I
=nd MUL routing wanters are soeiup ko

o

point 1o the harcwsre IosbIuchioni.

R ~ RE Destroyed]

aea Bagln modole oocke o,

E.4.4 Modularicy

We sther charscteriztic kas mere inpact oo Shae olkimalkse onolineering
Sucoess of a gysber thaw fdoes medolaritwv,. Adherence to o sec of moll
=nfl pmonrn annwentinonsg belps saohipeos tkle MUdularity.
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BAMELE CORING 5TREIARD

,4,4,]1 Calilng Conventieons (Inter-Modoloe/Intra—-Modiule)

Tranzfer of Conteol

Marzuaa exlst fer czll snd recurm,.  The Asbtusl bLransfer iz wisx o
JER PO instructicc, Fub reglster save routioes, a J55 EW,.GBAVE 1=
ARTRitTed.

The CALL maara isi

The RETURK macro 123
HETHUARM
Reginter Sonvenblans

On enery, a susrteutine 2iclmally saves @il registers it intonds
En  &iker exsept Tesult regleters. Gn exit iz restores theso
rugisters, (The prezzrvation of the register slate Iz assumed
soross caltn,]

argunent Paszsing

Any registers may oDe uzed, bot their vse shouwld Falicw a cohersnt
patiern. For sxamplae, if pasalng three arguments, use RA, AL and
RZ rather thanm RA, B2, R5. Savins and restocing accurs 1n ene
place.

F.i 4.2 Exiting - AF1 aubraublne exits occur throwh a singlo ERETURW
macro.

F.4,.4.% Surcecess/Failures Indication — The C bit ia wesd to raturs ths
sucaese failure  brdleater, where sucooss gguals &, and failure eguals
1. The argument registercs oan be used Lo retuern values or  additicoal
suaiess failure dalka.

E.d. 4.4 Module Checking Rogtines - #Moduics ars responaibie o
verTifying the vallatty of srouments passed to bhenm, The desiqo of &
medule's calling Sedusnce should aim At minimizing the walldity checks
by mimimizipy Invelid cepbicaticns. Programmers may edd best coda Lo
pecform additicrpal <hroks during 2heciout. AIL code shocld alm &t
discavering  att errot as clese {ip tepmz of instroction execulblanz) o
ite aocurcence as possiblae.




BRMPELE CODING STANDARD

E.L CODE EORMAT

E.5.1 Prugram Flow

Fraogrems sre orgonized ak bne 1I8ting o that tihev [law down Ehe (T8

=ven at the oozt of an owtea branch or jump. AL pnoopditdarsT hranﬂ
apd jump instructions ahould be followed By & Blank l3ne. This caubes
theae Tmstracticrs bo stand oot ik the source code, a1lewiing Lhe cads
ta be tracsd more sasily. ) '

Fur crample;

w | o

Sp——

re COMRLY

| R TS I —

fppesrs on the lissing ze:

TST

BHE ERE
PARA e v e .

N dnra

LI "ara

R WM
BRI ; sran ‘e
CHMNY: - e

+ = 1r I

o-1R

o n o o o o o 8,8, ) (%, ok B o k] = 3 o s 8w e e e s e A ——



SEMPLE CODIKG STAWDARD

rather than:

3

Bk = Aare o
Chd e e
EER R raaa

& " E.5.2 <Common Exits

RoCcodiman txit appoars as the last code segquence on the 1lsking., Thus
the flow chart:

EXIT

annears ol the Listing as:

#Rl: =44+ r rrTr
._;I"‘h‘“l -rroa rear

FRi: . te s

B e awrn

s

o — -y S R S R PR R B L e B o i i e i B o R L LML S T LR . s b e e o e s o e S 55 S S 3 S s o . . e e e



SAMPLE CTCDIMNG STAHDARD

EXIT:

Al nal ass

FR1: naa e
LEXIT: e P
T ama PR
FRZ: e anns
Bn LN
PR.: Faun 1 e
snnn .
BR el
LR - PR
4 Fa= T r s
4 raw - L om o2
Bz ZXIT

L.%.% Dade with Inseteupks Inklbited

Code that s swecuied wltk Interropss inhiibkited, 5 flagged by 2 three
semizelon (; ) cprmenk delimiter.  For exanple:

. _TRTT . sEnabhle by trekburning
iby System subrootlines,
515 dFRT ,RE 357 ‘mhiblt dpterruphs
5IT EPRT ,245F) FagT
RED ldxs I
RrTT - m
. G L
1as: e mma Ped e o
R ewaa Pl a
cees i1l t
.k u P 2

E.%.4 COgda in BvyBtem Stake

RAN-1® sfimecutive subroobtines  snd okher oprivileged 2ode that  isE
syocuted im zyeien  abtaee 13 Flagged h? 8 two semicalon [2:} commens
delimiper. TFor exsmple:

Swlitech to systen ataks, ..

=4 = =a

and e«it.,



ERMELE CODTHG STANDARD

Cal: SEWISTE, RXIT r Tuhlbit cantrext Ewitcning
fﬂh' i; Aeturn in @#ystem seate
- 1r
- H
RETLTIY i1 P bBack ko oader sroata 'B¥IT)
Rl - j Uger slLate code

E.%  1M9TRUCTION LUSRAGE
.1 Farbidden Instructiians
1, The use ¢! ipskrucilohksy ar lmiex words o3 literais of Eheo
provious fnstouction.  For exanple:

Mosr FPC , BFGT AT R

’ B SHC, DET
rses the kit ciear frebrvucklon es a4 literal, This may  sSeex
Ex e A wery "neat"  way to save a2 Ward but what ahoot
maintzining & proeorae asizg  ckias Lelok? To  ocampzond the
aroblem, il willl not zxecat; propscly if 270 space 13 enalaed
who bhe 11445, In this case PRPC iz & D bank ceforence.
& Tae Use af the MOV instruccior ingtesd of 4 OMP  instruckion
e F ot Eransfer @rtegram  conzrel  to amether  locatlon, Far
d S AMEE e

Mo ARLPAM RO

Erafsfers donktrol to locabticr ALPEA. Besides taking longer
to n¥edUule [ fal crpecpieis For MOV oz, 2.2 for IMP] ke
Uaa alf MDYV Instead of SMP maxes it nearly lnpasaible = pick
R Soflecns wvse'sS prograr ared tell where transiers of conttod
take place. Whal if she would like te get o jump trace oi
Lhe @ds=cption of a arogram [a zove “race 13 unbexrd of) 7 A

s, ? mers deanr#l insue, other cperations sush as ARG and  SUR
Lrom PO Shoald be dizcacraged.

e,

1. The saemingly "nest™ wae of el) singla gwmrd fnstruccions
where one double—word instructien could ke ased apd would
execute faster  and would oot conaoms additianal  memory.
Cansider the following instructice segquenoce:

CHP (Rt ,=1R1)
CxD -[R1] ,— (R

The Intenk nf chis irgcruccion seguence I3 to aubirace & From
ragister Rl fnck te S22t condltlon  cades)., This can bLe
aecempPlished im aparopinmotely 13 the Lige wis & SUE
inztrustion (9.4 we. 32,0 mictosecends! at oo addivianal ocost
in memoary sSpaos.

4, Self-ralatlive address arithrecic fo4n In absalubely

o Ecebldidan  in bracch Ilnstrecticns:  iks ase in othel cohbtelis
i 1 mrust ha awvolded 1F at 21 pesslole and practical.

B —— - - N
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GRMFLE CODIMG STRNDARD

t.é, 2 onditionzl Branches

Wheon  asiv Lrna  2T-11 aenditiana]  brzpeh instractions, io is=
lmperacive thot the correct chelce be made Zelwesn Lie elynce and kne
Lnsiqned hranches,

HTGRET: UFZLGHEL
RIE REIS  (HIC)
HLT ELD
BGT RH[
SLE RLAS  (D0RE)

A oCulimen pItFxil Is ko ngo oa sianed breanoh for sxomple, BET wnern
caTparing bwoe  memcry acddresges.  This werks onlbil L cws osaddoosses
lhavys: papauite =igpnysy  that dsm, ope of  RMem awes Goross -—he  Z6R
(F2appis] ! baound. This type 2f oodizg errcor asually resulte Erem
re«linking the Trogram ab dillerent addreszses a2ndfor chwengirg The size
of Fhe program. .

E.7T PFHOGRMM SOLURCE FTLERE

gavroe oreaklon and malintenancs: is dn-e Q- hane Ievals, 2 basa leave?
it =he point at which the orogror sourns fiics have besn Erozan.  From
zhe Froeyn po’nt to the neet hase Tsvel, Sartenctians ore not pade
directiy to the base  lawvel lbsell, ratser = Lile ol carreckions is
acoumiclazed Lov eacn Lile ik ithe Lase lewvel. Wierewsr  an apdsbed
EClE e [F17es 155 Aeziped, Ehre warrestice Flle is spalied Fo the base
fil=s. b

The accumulation ab cortecllons  procesds unlle & logivs]l  beeaking
print  hns acourred  [a milestone or Bloanificanl implementacion poiok
haz bBeen rezched) . AL Lhie time aill Sioowmal aled carrearions are
applied o the previons Dage  Zepvel Lo Srestr & onew base Toyal and
futcection files are stoarted for cthe new hase lavel.

E.2 PDPF-11 VEREIOH HWUMBER STANTARD

The PDP-11 ¥ersion Humber Skandard apzlies %2 211 wedules, parametar
files, wcomrlete programs, snd litraries which ars written as par: of
he POE--11 Swllware Developmens =llark. It is wsed to provice unigue
ldensification of all releaned, pro-releoseod, and in-house aoftware.

The wverzlan twtber 75 II=itrd  in that  ealy 3ix characters of
identificacion ETe used, Fut.are Implewenkatlons of +the Macro
sgzembier, linker, ard dbrarlan shooeld aroavide fer o &r Tomst pine
charmctere, and  pazzloly  bwelwve.  TL 12 swpsored thik ehis srendarcd
will ke Improwed az the need arlaes.

vorston Identiiler Forpatls
fwarsionry <editd <patohis

where: Jvarsinne ounoGHts onf WG cagimal digize which
rearasent thn release nuombar 2L 5 DFoOdram.
The  Jeesienn nrumbstr starta at A0 and  is
Ineremopked ko reflect  the aumber ofF =alor
chanyues in Lhe progrom.
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SAMPLE CODING STANDARD

ediee consiaie of Ewer declual dlagits whizh
FeDrEgent  kEhe mmber of alteratians made Ra
tie Acarce prograa . The edll pumber  bBegine
at &1 (is null JE there are no =dits) and is
incrementad with =ach alteration.

< patahs 1v & lelkaer Datwean B oamd §F whish [epresants
Ehe  nunasry ab alkeratlons made o Lhee blnacy
tarm =f the pengram. The patch nuimber bhezins
at H q4ig woll if there are no pacches) and
zhanidns L.E[.‘I.:'.‘_:'.I'I‘.ti:":ﬁ-l.l:,r witlh mech paech.,

Thaene Fields oare  intercclatzd, When  <wertsianx  is changed,  then
cpatoir  angd Ledit* mest be rosec to nells. It Qs intendsd that when

<edit> Iz incrementad, then <patoh» will ks re—-set te nuell, beocowse
the waricus buwgse have been flged,

“.B.1  Displaving the Verslon Tdentlfiec
The wisibkle suTtput of the versiaon identificr sheold sppear as:

ProqEam
Bame Lkey-lothers: <wnrslany | Jed?is <pabkshz,

wherse bhe followlng Hew Letters have been ideptified:

s in—-houde 2uperimentai version
¥ Lileld befsk, dAro—releagse, ar ing-houwrs reoleass veosian
v relessed aor frazen wersion

Pt cucresgonds roughly Zo individual support, 'Y tn group  SAfpp0rh,
Al T ome Inmuaby dudEolPn,

The det {.) which separates swersion: from <edic» i35 net uvsed i hoth
Cedilx  amd  <paichr are nall. when o werslen Jdencifier is displeysd
az pork of preorsam identificarion, thoen the Scematb i

Froscam
Mams dgnzfesJkey-lelberraveraions o fedibs<pacchs

Fxanmalags

BTF WHES, &0
Lixnz wud ., f
MELSD WS R

BE.2.2 Use of the Version Humbary in the Progras

A2l ecurce: zusk cuxlaiz the wersion nomber am ar JIDBNT cirective.
rno@rooerams dnr Librardiss)] wnicn consisl ol more Lhare one modele, saeb
module muse bewve 2 wersion nupoer. Tae vo2rslon ponber Sf Lhe  PEOCEa®
neE Tibwwary i rok mooRttser ity relaked o the wersion nuambers af tho
constizuenk modules: ik iz Feriecly reszganab e, o eXampls, Lhal
the Ylrst wvessicn oi 4 new FORTRREY library, WS, cuntalsn an exiaking
FIN routine, say Wih AY,

=15
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SAMFLE CODIMG STANDARD

Pazrameter Filas are also Feyuived te conkain che versinp gumber in an

» [REET directive. Tecauge vhe aszemblzr records bhe last [IDEMT seen,
Parametar Tilas must precedrn toe pradrcom.

EnLltloey which congist nf B eollection of medules o pragrame  (far
ersmple, the #OwTpAN Lisrary)  Beve 4n idsntificatlion madals inp ehe
firsl pnsition. An identificveblnn moduls  exists solely to previde
ldeniIfleation, For exanple:

LOTE idenkt Filastion
LTTTLE PIEL S

B o O i L (-
-EHTY

is am ldentification modole,
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ALLOCCATTNG VIRTUAL MEMDRY

This appendix iz intended fer the MACRD-15 user whao wants ko avsid the

probiem  of thrashing, by ootimizing the alloration of virtusl memory.

Unars nf smailer systems ehould become thoeroughly familiar with  the

agnvertlians dlzspezoed Roarein. Thig apperndiz Slgonasues Fhe :I':c.l]i:‘:-'ir_'.]
fﬂh“_ Eopice:s

1. OGenural hints snd space-saving guidalines
2. Macre Aefliainicons and oEpAnRGTans
i, Oparaticral techniqnes.

The user i3 szsuced tr hawve puirsoed A pplimy of wmodular  progranming,

aF gdvised in ADPRendix EB. Modular mrogramming reaulie in bedles of
=, code that are emzll, distinct and Lighly functionel. fslng sech cede,
" ' Which praegebts many Adyantages, o4 oan gnually aveid the prr.-_l:lefg: aof
' inseificiant dynsmic memory during assembkly.

F.* GENERAL HINTE AWD SPACE-~SAVINKE GUIJELINES

Work—-file wemgry 15 shéoad Ly & nueber of MACHG-11'a tables, each af
which i= allocated Space oh demand (54K wards of dynamiceslily pacezble

zhnrege aAare svailabklse te the assemblari. The Lazbles an: Leielr
J— carrespanding entry =lges zre 23 fallows:
& S
1. Uger—defined sg,.lmbc:].s. - Fiwe wurds,
2. lTacal syrbals ~ toIee wWords.
3. Program gecklone - olw worde.
4, Macro nemes — five words.
L. Macre text - nine words.
s, Fource [iles — sls wards,
In Addition, several scratch pad tzblaes are wvaed durlng  Lhe aszeambly
Frooess, o followss
l, FExprezsion znalyeie - tiwe words:,
7, nNbjeet cods generation - five woeds.

-1
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ALLOCATING YVIRTUAL MEMORY

e Macro acryument processing - Ehtee words,
4, MOALL araumeni proceszoing - Flve words,

The above informatich can gerwve as 2 guide for eatlmmting dvoomie
Sborage requircnents and faor determining ways  to redose  guch
[egUuitoments.

For exemple, the uwee of local aymbols whepowar pozzible isg kighly
erycuraged, sikee Eheir Intornal rapressentation requiras 5 poroent
lees dyramic sterage  than thet  recuired Ear regolar gser-defined
gytbols, The wvsage of Zucar sywoaels can aftsn be maximized by
extending  the acape of looat symbal  hlacks  tihraugsa the  PMEBL
L5, .DERIL LGE MACED-11 dirgctives see S2cbiang 3.5 and R,.2.10.

Firce MACRO-11 dees sob support o purge funcclen, onee = symhol s
deblns=d, It permanenatly occopiez  its  dykrasic memacy  allocatiane.
Humztauy Enstanses oococur docin condibional  assembliezs and repest
laaps  when & Temperarily assigned symbol s vsed 05 & coant or obfses
lndicaror. i 3 p:JEEi::l:I.&. Lhe ayiabnls sn o ukser sheonld he re-nged.

In keeping with the sems principle, speelal treakment sheald he given
ta  thr definiricn of commonly dwmed syrbols, Tnstead o sinply
appercding a prefix file which defines all pezsilbly used  smbols for
each assgembly, usprs Aare coooursged  To oroup symbols inke loyloal
clasfien,  hbBereh =2lass <an then becomes a shotbkened arelix Fila o oa
macre In @& likhrary (see Jection F.2 belawl. Tn elihar ecase, selective
definition of symboiic asgslonmenks 15 achliewed, resalting  in  fewer
detflred [aul anrefarencrdd symoois.

An axample of Enis idez {5 seep Irn che delinitiaon af (A3 RSE=3i1M
glandard mymbolz. The =DM eyetem macro libracy, for examole, supplies
gevnral macror uged to define dlsilsct clakses of  symbels. Theze
qrouslnge and asgacieced sacrco manes sve 85 Foellaws:

LDRASRE — Birective raturn stskbus codes
PILIos - File—-reiated ¥s50 fumcTicr codes
TOHFGRSE — I/9 reltueh sktatps codng

sRMI0%E - Epeclakl I/0 functinn oodes

F.? MATRO DEFINMITIOMS AND EXPANSFONG

Dynamic Zkoragw is used moe: neavlly fur the stornge of macrs  Lest,
drpon macto  dellniiion eor the  issuasnoce of aw (MOALL dirtcerive, the
entire macra Lody is stored, inclading all cammenlz apoesAring in the
macts delinition. For this reasor, coemmesnts should nob o= ioztuded as
part 2f the macra  wexk, & ihrarian fonatian o ewiteh  (S5E1 0 s
avallabl: tao compross macrs  Fo00ce texT by remaving 2Lf krmilipo
Olenks and rahs, Rlank lines. and caompments. The avsies macre Tlinrary

(REXEMEaS, SML ha= fireacy heen cCcompreszedd. Uenr-sappiisd macro
libsrarigs {.MLBY and macts deflnlklan prefix F les shou.d alsoe  be
CamprraEad, For adaitienmal  bInEfermablen cegardieog Shese twe vtility

T--:‘IEI":E', ceingult the apnlidable F24-"1M or RSX=1:M-PLU% ALili%igs Wanupl
[s5ee SZectlan A.3 in the Freface),
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ALLACATING WIRTUAL MEMORY

It often seens poacticz’ ko imelude 3 fiie of vcommonly uded  macro
dcfinitions in each aszemklv. This prackloe, bowever, say produece the
urAnsirabie allzoation of waluable dycamls storage for uonpecessary
M RTaE. This waete ol meEmory can e avolded by making the file of
wnurn definitionz & weer-supplied mecro library File fmae Table B=l!.
Teds means  that the names of desired sesocran most ke listed as
arguxenta in ke _MOALL dirootive (58 Section YOHL, ov Lhe  sutomatico
MACAD <all, EMABL HMCL, must be snabled (zes Seciion §.2.11.

Certaln types of macros 2an e redefined be null afker Lhey bave begn

invoked, Thiz practice wnobL only Lrees storage  space, 3t alss
climinates the averhead and the dynamic memary wisted by ealling a
usEless macro, Tore Eeacting of eedefining maceos ba nwll applics
maivly ko Shgse bhet define symboelic  assigqnmentz; 22 shows  lio fhe
exanfle  bnlnw, The redefinitiaon pragsgss may  be  sccemp] ishod as

Fallowss

LMBETRAD DEFIR

E¥vl = Wall 1ifafine aymbelic eabdignmorts.
SDALE = VALZ
AFF]l = S¥YmBnl jbefine symbolic ciisets,

DEF? = QFFL+5TA!
OTFES = OFF2+5 152

AFEY = ZVFHM4ETIM

JMACRD NEE IR ;Mazes null redeifnition.
. SHDM

» EHDH DEF Ik

Maoceras sxhibiving thils redefinit icn proporty sheuld  be cafiped lor
teari  wia  the (MCALL direclLive: ang invaked oefare ol]l 0TRET MECIo
definition and/or JECA R wracessing, & praotios that  sneures mare
gifigilent o2e ol dynamic mamory,

T.3 ODPFERATIONMAL TECUEMIGURS

Whet, despite adhericng te the guldelines dismzos=ed above, Fel[orsance
gtill $alls below expectaticone,  seweral additions?! pesedres oy e
Lascn ta icoreasze dymamico melorv.

L. e PYT T T HEP T T 1 [ T




ALLOCATIMNG VIRATUAL MEMORY

The firat measzure invelwves shifting the wrden of symbol definitian
from HMACRS-11 te +the linker or tesk builder. Ik most rases, the i
definitien of syotem 1,/ and File Centrel Services {FCS) symbels  (=nd
user=defined gymbols of Lhe zame natute)] 1 ool apcessery during khe
aszembly prodess, Since Buch  Symbole are delaulted Lo glabal
referenoes  (Appendix D.1, cateaocy 4 of serar 2ade A}, The linker cr
task builder akttempts to resclwve ali alchal referenceg from
usar~speclfied default Ilbraries andfcr the svstem obiject likrary
[SYSLIE] . Furtheimore, by spplying the selectivs search opticn  for
agbject modoules censieting anly of glchal aymbol deflaltlons, Lhe
decysal additional bordes to bBhe linker 1z wirimal,

The secand wayv is to produce anly one outrut File (either object or
listimg] ., aB oppoeed Eto  bwa. The acditlonal memary Feguired EBo
suppotl the gecond ouwbpat file 12 allacsced frem availshle Gynamic
memary at the stapt of each Azacebly.

s o o S—— B B 8 B e S S [ e g o g S 8 S e R 8 S s S o e g
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APPENDIN o

WRITING POSITION-IMDEFEMDENT CODE

.1 INTRODUCTIONW TO POSITICH—-INDEPEMDEMT CODE

Thz avtout of a MACRO-1l assembliy Is a relowatable object moadule. The
Task Bullder cr Limker bindzs one or more modules toegokher to creske an
executalle kask igegre. Once creabed, i the program iz ko run it smust
ke lpaéed aft Bhe wirkwal addresa gpecliied st link bEime, Thisg 1
bzcawse the Task Builder or Linker hes te modify moma instructicma  to
reflagt  the memcry lecaciens in which the preogram is to rum.  Sush o2
body of coede I3 considered poesitien~depandent (dependent oo the
vittual zddresses ko which ic is hound] .

A1 PpP-11 prooesscrE offer addressing modes that make ik poseible ko
Write cod= that does nat cepend ok Ehe vwirtosl addresszes to which 1t
is hound. 3Such code is tecmed positfon—independent and to Eun =An  be
laoadeF at any virtual address. Positicon=-independant code can improwva
ayaten efficlency, bnth In pae of wiredal addee2s gdpece and  Eh
conservation of physical memory.

I multiprogramming systems like IAS, BSX=1.M and REX-1IM-PLUZ, Lt e
important that many tasks ke abkle co share s eingle phvaieal copy of
common oode, for example, 3 likrary routine. To make the oprlmom  uase
of & task'=s virtual addr==g gpace, EBhatred code should De
pogdltian-independent.. Position-dependent cods gan alse be shared, but
it must spoger in the $eme wvickual locabicns b every task using ic.
Thia reatricts the placemwert of Buxch code by the Taszk Sollder af
Linker and can result in the loss of virtusl addressing space.

The cenatructlon of positvicn-independent code is eclugely lipked ko the
prapzr  usaas 0f PER-1)k addressing modes, Tte remainder of Enis
Appendlx azsumes you are famillar wich the addreselng mades desaribed
in Chapt=r 5,

&211 addre=gsing  mades  isvolwing anly registar raferesncssa BYe
position- independent. These modea are a3 faliows:

o reqister mode
{H#) teglater deferred mode
[(al+ auiaimcrement made
Al gutolacrement éeferrsd mode
-IR] auntodecrement mode
Az auntedacrament delarred mode
When waing theae addressling modes , wal & guarantesd

poaitien-independence, provided the contenta of the registers bave
been auppZled such that they are nret dopendent upoan a particular
virktual #emory logatian.

o1l




WRITIMG POSITION-THDERPEMDENE SOTDE

The rsulzbtive addressing s4E8  are pesitian-indepsndont WARE a
celocutabie adderzzz (2 reforenced  ‘raw 4 re’ncatshble IntkErysrian.
These wodas ore 38 Follaws:

5 relative mode
iR relatiye falersred modae

Felebive modes are hot positico-Independent wher an sbaslufe mddrazs
rthat d1s & wan-ralezazabkle acdrezs) is roferenced Ucum ~ relocotzbie
Ihswtrustion. Tn Lhis case, apscluts addreseing (BER) may 2e used o
make he toforencs posiolen-lncependont,

Tadew modes can e wikhat position-independert sr pasicico-dependens,
Fecutding tn thelir wee In tne program, These meodes oez as lallows:

iR ind=x mode
AX IR lndaey Jaeforrsd mode

IL the Baze, ¥, 12 an abso™abe value [(for zxample, & -ontrol  hRlock
affzet), Lhe tetercnoc 75 pesition-independent.  Top cwample:

Mo RS N I jEvaltlan-independent
h=4
MOy H{SF) RN shocition-indenendent
IE, however, » is a ralocalable sddrass, the refercnoe i

l-'"i.!li-:t:ll.'.‘!'.-dE]::'-'.‘l'l'ﬂEni:. Foor wuaanle:
CLR AEIDETREY rPosition—-dazpendent

Immediate mode oan oe elthor pesition-indepandenlk or not, according on
ite uBage, Tmeediate onde references are fotwsebkbed as Follows:

i irmedisate mode

Wher an abescluke exurassion defines the walyge of d, the code *n
posltimm-inderendent. When 2  relocatable exoreaslon defines M. Ehe
cade [ pouailllon-depondent.  That 1z, iemedlsbe  mode  refevrences  arn
Faxition-independene ohaly whiep W is 50 abkzaliobe value,

biraloce mode sddressing le peslblan-indewpendent ocoly in those onzes
where an absolate wirtudl lec:eien iz being referencemd,. Abscolute Dode
addressing refershees arc formattzd -5 Ecllawa:

X 3 sbzolute mode

Arr evampie of 2 positich-lrndepentont shsolute referencn 15 a reference
toe  the dirfeckive status werd (328} from 2 celecazable lossraoticn.
For crample:

My EHEDEW, 24 ilictrieve direckive stataas

G.2 EXAMPLEE

The BSX-11M lIprary coutira, PWRUE, is & TOKTHAK ocallablie subroukine
that estabiizhes orf removos & user oower Tailure rdeyvnohronous Systbam
Trap [®BHT] antry poinl sddreszs.  Tohedded witoin the rtowkine is  toe
ABT  entry peint thabk zeves #1717  regiskers, effects a 2zll Ko the
user-gpacified entry point, restores all registers oz reburn, ang

FXCCUTES  Aan AST exlrt directive,  The followlong exanples ara axcerpts

B2
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WRITING POSITTIN-INDEPENDENT COLRE

Fram this rcazing.

The first exampls, ¥igure G-I has hean Hodlfied Sa

teferances, The sevond example, Fiqgure

FASELS® wLToeen

Fi'nint P4 &1 shlect Sigp EuktEns mEvE Frgs
P ihe above reforence bfo BBTEY 15 soeidison
F CHRENdent -

iRBirteye AT 9atry raypd sddrasa

tipsneh it ohe wps seernlfiad

FIF Nehes APrecdTy nd cower feil rootioe
tHyracs AT eatur

1Set Lne AST wrifw polns

Frush auws AST sarvice Jdd+rpas

I tha ahcus refapence ko BY s= pocitlas-
! durrndenth

iProservs RA

Exemple of Pesiiion-Dependent Cirda

Hssumg JUCCEdE

#Foint R4 st ob.sct time LWEtAE waup prEE

P Lae ahove reflrénce to 9976 is rogition-
Fodngderendant

PRekrieve RET #mtve molnl scoraas

igranch If nne wes zrecitied

FIT nacey srgaifu o0 Fower Tmil Toutine
FEufanm AST zpiar

1S5t R AGT #nbre mpint

if'u=h GuFr FC “a relocate our AST seTvice =ddF
‘Felacats ouir 48T apryice addruss ros

¥ Lhe ghove raferents te BR 13 waztiins-

¥ indeppndentt Ehid eorts ane kore L9 relogste

FPraserve RQ

Exampie 2f Posltlan-Ipdependent: Tnde

£ 1xlustrate poealition-deprndesnt
G-2, 1z rhe pesition—-iodependont ver=ziocsn,
i+
1 Fentition derdidenl code exsarla
[ 3.
MHWRLEFPY S [C1B —i{BF]
P Parfors furiher indtializatisa...
How! BITSY R A
Huu CAF s ¥k T
EHE 19%
CLE -(3F%
PR T
10$1 Hay RXeF.PETRA
How! ¥PAr—(EF1
_— doa:
£ L}
i Conblimue rrocoealiod, ..
Bt
r ABT seT+ice rowting
T
LE N Ok Fo.—-(EF:
i Fesk af rauting Fullows...
A :
o Figure G-t
it
i Fosition inderendent cods exesrie
l_
PHALF? . C_ & =[50
FoPerfors recvenath Initlatlizakion .,
wOu DFEQTEN p FA
Faa
2 RO LERD baRZ
EKE 10F
LiR - (BRI}
BR Z0e
log: b i [°] RI«F .FFILRA]
HEF Ffr-(BF]
ADD ¥R .0 (GF)
ol =1 3N
r Cantlinie Froceppips-.-
1+
¢ RAT sErvice routing
BAil ALY BEQp- {3
i Rect of rowiine Tollaks. ..
Figure G-2
A
L

1 T e
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WRITING PASITICH-INDEFEMDENYT COLE

The pasitipn—dopondeak wversioh of the spbIcotics comkalins a  relacive
refarnopnes ta an abgolake symbel [SCTAEYY and B llbLeral refsrence to A
relocatakle symhal (RPa),  Bueth Tefsreness  are buwnd by toe  Task
Builder to ELlded memary locstions. therelare, the routine will not
gwezute propeely a= part af & resident lihrary i dl& loeatian in
virtnol memery is rab khe 2ame 58 The Iocation specifled ak liok time.

*h the posltian-independsnt varmsion, the reference to SO0TEV  hax  beepn
changed te an shsolure reference. In addition, Lhe peceEsary <ode naxw
bean sdéed *a ocompurs Bhe wlrz:iual lecation of HB baszed opor the walue
nf the prugras counkter.  Ln Bhila case, the wvaelge 1o oblalned Dy adding
the walpne of the program zeunter te the figed dlaplacement betwoen Ehe
corrent  locaklsan  ard thkas  specified symbol. Thus, oxecutlon ol the
madifind toutlne ig net affecknd oy 1%ts  locsticm it ihe image’s
Wirthua? address ZDace.

The MACRO-11 Rigembler prowides 2 way of checiing whether the code 15
poslitlion-Lndependent. in an asseealy listing, MAaCGD-12 inseels a '
character fallawing the contents of any wonrd whick reguires the Tuzk
Builéwer wor Ligker o pecform a felotation opnration 2nd, thersfore,
may nol ke pogition  indeponsont cadas., The gcpses which cagse  an
aposhraphe to be lnsecked ik bhe agzembly Tisklng are ag Icllows:

1. Laniulke moede cefersences when the reference is relocatable.
Hofereoors  ars  nok Elagoed  wher shey  are abaolacte. For
exampl &;

Mo AFrDGH, H] sPic anly i ADDR Fi oabwo)ote,

2. lmdex and indox eelerred moda references when the ofIset Ls
reloecatshe.  Bor exompler

Mo sNDE 1Y HS Mon-pic if AW 1o relocatable.
My GADDE Tl 08 iWon-ple 1E ADLR is relocatoble.

%, Eelatiwve ang telavive deferred onde celerences when the
address smenificed 1z relozatable wich  roespeck te 2nother
prugrae seckion. Far exampled

Mo ADDRIL , 1 iMap-pie when ADDRL is absoluabe,
Moy BALIRL R

4, Immediate maode Teferencos ko treiocakable addresses.
WOV E - o 0 - sHon—-pie when BODL is5 releotstahie,

In one casc, NaO-11 dces nee  flag a potontlal  poelbion-dependent
fafpreroa, This waccurs where & relative reference 4 onade Lo an
abgalate wirtual leuatlon leom a relopatable insbruction (9ee the MOV
E0TSV, R4 inscruztion 1n Flgure G-1).

ieferences requiring more thar almple relocation ar  link time are
indigared im  the assembly listing, Slmnle global references 2re
flegaed wich the letker 5. Etstements which contain mulitiple  global
references or raguirn: &somplex relocatior, ace Elagged with the lotter
¢ jzee Seclhion 3.9 and chapk=c &), It i3 difficult o poeitively
gtate whelker o»r not a O-Flagged statement Iy poultion—Independent.
Rowever, io geperal, positlen dependence car be declded by applying
the guidelines dimcussed earlier Ir this Appendix to the rrzultloy
address walua prodased at Link time.
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APFEMDIX I

OBSOLETE MACRG-11 DIRECTIVES, SYNTAX, AND COMMANDT LINT OPTIONS

I.1 CBSOLETE DIRECTIWES AND SYHTAX

The fallowing directivea awd syntar, albhecugk supnmarted  in this
release al Lke assonbler, will MOT be sppperzed in Fakure asgemler
releages, The following table shows ehe old direstlvos  ond eynbax,
and  she  poaw syntax Lo use, A7l ERCREI-1L rede kAst contsips Yhe ald
dicectives and syntex shenld be opdaled to use the new Syntae,

Tzhle 1-1
0id and Hew Dicentives and SvnTan

e —e -

Syirbtakx nha longer supparcbed Nesw synftsx So use

. EOT H ST

AFT oEEX or JTFED sxx I ol o R
LJIE Daaxx LTEOEQ Nuw
PPN WEX ot JTPME sxx IF WY s
PF ME e i R
IFL Xxx or (IFLT x¥x SR OLT Eux
+IF L oxxx JIF LT,x¥%
-IPG exx or JITFGT xux JIE ST wux
JIF G xeEx P ST xxx
JIFLE ¥»uw . IF LE, awxw
JIFDF Kuw IT NF L exy
. TPHDE xux LIF WO, uxE

I.? OHIOLETE CONMAMD LINT OPTICH

‘Tha MRCERO-1) oem@mandg 1lno i-'.]JF.EEI-I'_- ,J'P’hﬂ_‘-‘i':,-r: is no 1-'_|r'|_-;|;:-r F"“F'F':'ELE':' tf":.'
DTG1TaL.  Thiz swileh was criginslly ocreabtod zo speed up ansembiies 2o
Bame Cases by only  scannieg  a givwen file with nne  wass af  the
assenhler.

Lt haa been fourd that the (PIASE]:n sw'toh has many =ide =ffecra, and
has faused aore mroblems than van be documenled tensnnably,

Altimotegh the syntaw ol Lhe /S[AEG]:n switch 1 stil] alluwed ko anpesk
an 8 MACHD-1: command line, rn SPRs will be acceptod relatino 40 khag

Switzh, ALl decumentation for the SBIAZE]:n switah Lazg besn camosed.

Any assembly command files conitalning che APIASS1:0 switoh  should  br
updatad by remswving bBhis switeh.

) el LRl e P e e P —— —
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AEPENDLE 4

RELEASE NOTRE

This appendlw explains the changes that have Leen madc ko MACRO-11
sinoe
documanted in chavkers are through nine of this manual.

tre last wepsion relesse. The new Ceabdres meabiored are fuliy

CHANGES == ALL YERSIOWS OF MACHO-11

1.

il

Thae ocooode, CRLLE acdde (Qall-Return] ; haz been adig ko tha
permanani gykboel cable (P51). This opoede 1z equiv=laznt EBa
the JFP 2ddt cpeade, The CALLR addr  apcode  was  added  ba
crmplement the CALL addr epeede —- which i3 eqguivalent ko the
TR P =ddr ancede.

The previces wsreicn of MACRAD-13 used a Tange of 648 ko 1275
faor zukomebic  lecal symbel generatlon, MACAO~11 now uges &
rarge ol 3RRFAE co 655354 when generaking iacal symhels.

®ast 28semhlar generzked Z1=sing texk ig i in
upper Alownressa, Thie echarge was made ke Increasz the
teadability ol MATHG-1! eode. Lines of code that include tne
. SETTL ot the LJTITEE direckive are not conveprked ko
Uppercase.

Lines of gode that include the SBTTL direcktive are lizsted 1n
the table of contente of an  sssembly llzting, owen IF a
HLIST atatemant (s iw effeck &t the time the LSBTY®L 1linas
2re  srnocuntered. Wou may apeslfy rhe JHLIGT direcbkive with
the TOC zrgument o prevesnlk the table of contents CEom ueing
uripted.

Ine symbul keble is printed at the end of an  assembly, evnn
1f the .HLIST direceivwe i= in effeckt. Yiru fiay specify the
HLIBT dlrective with the EYM argument bto prevenk the symbol
table Lrem being printaed.

411 page headerzs Inclade the day of the weex.




HELEAEYE NOTES

The agsembior stabistice information Lhat appears at the onpf
of  khe fdssembly Iisting fite hos been updaked ka lpceigds Bhe
followlng zdcéltlenal informatian:

# Totel nomber of wirtual wock £ile reads

a Tatagl oumbee af wiftual wark 5o writes
* Maximor amowunt of wirtual wmermory oged {2n words At pages)
s Sige of physicol memorcy frecsgars (in worcds apns pages)

+ Ggpevatblng ayskem arvgd anvivrangent  thel ke bssemhlar 1o
rurning Undsr

* Toral elapred assemhly time
¢ MLCRO-11 command lins

Thke I'EECT swynopsis thet is prinied in the listiwng Lile, after
the Symbnl kablic;, fhelodes LTS B2k abbkvibntms,

The ma% Llimum Pt T af reloaetelin ErTr S in a complox
expresaicn nas  heep  changed, e maxlmom 2lys of apn 0BT
regord Ehat MATHLIE-]1I <&n pradace wes inccessed Fraom £9, Eytes
ta TZ2E. bykon,

Do nof combpace OGS Liles that have besn created by difEfaront
veTEians zl MACRG-11  when wverilying . whelbber wour  cods
gqeraeration 12 oerreclk. Changas that heve been mads far this
veralon ol MACRG-Z1  (mentianss abowel will  inwalidate =
dlrect comparigar of assembler G033 cutput. werify ocade
generation by linkipg or Saskbollding She (R Filles fiovelwed
and then comparing the .33V ar the (15K :monoes fPlss.

WOTE

Aacayse the (OB) files prodonsd by =2his new  wersiaon
of MACKO-11 sre different, asecrs of the AT (obieck:
File pateb atiliity) are worned that chncksums must be
reconpubed  on any cbliest patches zgsenblec wikh this
nekw version of BAZRE-11,

Tha defauit for the LC arguaent #a3s peen charged froam (DSABL
LC e .EWARL LZ.

The fallewing JEMBELS.DSE3L apticons Lave been added:

1. LEWAREL Lk, TEABRT LOM

2. L RREATL MO TRSARL MO

The lollowlng dlrectives have besp gocded Lo MAORD-11. Thes

New diresklves are docuanenl=E 1 fhiz mataal.

L. .CROTZ
2. « TMCLIOE
3. « LIGRAEY

d. «MEELLTE
5. JHECRDSGS
fi. . FHHMW

7. - WEAE
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RELEESE HOQTEE

CHAMCES -— MACRO-11/RSX VERSIOW CHLY

1.

The cress-rofarence oprions SET and SRR nave beoon odded.

HOTE
rhe KEX-11 CHYF progran (CHF) bes  been vpdated  Eo
inzluin Suppark foar Lhegp [ ¥ L] e saCro
Cross-—teferons: oouhinns, nky the new RBEX-11 JRF
versian sy diasrviboted with 23X-71M YWd4.,1 and

Rzg~-1lm-FLUS w2.1 shzeld bhe gzed with trdig weralen of
MATTIO=1]1,

Thne defanlt f£5r the compand line oaption S[-1%F kas  been
modified frem SEP 1o S-5F. The naw dafacl: may be modified
hy ERe syntom managsc usiog the THE GBLPAT cption described
in the MACHO-L1L 504 ts3k Dulld command £ile,

CHAMGES ~- MBRCRO-1L/AT-11 VERSICH ONLY

1.

il
L]

da
"

Tho memsages
FErrores detected: 2

Has boen  remavec. MACRU-11 prinze thls message oo khe
fopmicald oy P oarrens T "] Foeon deteoted Iin She madal o
beripng assembind,

Iif the firsc character in 4 MACTHO-1:/RT-:x1 cammabrd Llane 1a &
gemicalon 33, +the 1lne 13 Lresgked as &8 ccement and Lx
Ignaved, Thiz change waz made Lo malntaln cempebibility wikh
e REX-1l werszion of MEPIRD-:Ll.

pEx-Li style command iips ewltches may be used i sddltinpn ta
Lhe one-cheapacter swikches:

FM mey be repredented BS JMILIE]
FE may be Tepresenked ag SEIHART]
o may he reprecented am AT EARL]
e may ke Tapressnled ag FEIRRG]
FL may e Ieprecented as FLITET]
s diay b represented as FHILIAT]

The defaals file estemiion for matro Iibrarieas has  bkeen
charaed toe  (MLB, to confort with REX-1r. The RT-11 V& LIBR
Frograw  Jdefsnlts 1ts macsrc Library odutput toc the L RLB
externsiosg &isa,

d-3
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HELEAEZE HOTES

Frigr te this relessc of MATHD-1:, If you specified mare than
ane  MLE film on & cemmacd line, and =ach flle had a
cdefinfrion of the sasme macre, the first macro library
speclfied wonnid he vsed fer the mefru definition if called in
the goaran Erogrom.  This has bkeesn Kecified o work like the
Ri«ll macto assezbiler, The RT-11 msoro aszanbler now sSoans
ELE Flles from whe Gsst file speclliced (elthar in the
MAackd=11  commanc line o by uasing the (DIBRARY clrectlve) to
the first file specililers, The asgaembler then socane  the
svsbem defavit macre ribrary, S5T:S¥EMAD,FML,

The dafault for the GSL argumenlt hazs oeen chargred fram . DHABL
GBL T2 .EHABL ZRL.
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IHDEX

& mrror, 3-l8, 3-1%, %=1, &=15,
A-25, R-26&, G-Z2B, 6-24, R-312,
fi—-33, R-32, d4=d449, €-42. B-44,
A—-47 . A-%6, T-3%, T-1¢ ta 7-1¢,
P-if, T-17, T-28

dhznlutn address, -2

Afigolute binary ouobpak, &-19

Abaeluote expreaslon, 3-17

Abfolabe mede, -1, 57,

n-7, 2-3, G-4

Abecliukse madule, F-42

AbEolubke Drogram secklon, 6-42 to
trqh, Sed. See also LARECT
directive

ADD imstruacsticn, bB-12, G-3

AdGition operater, 3-2,; 35—

Adcéress hboundaries, G-31%

Addrezsing ncdes, S-1

Angatrowhe, G-1

ARECTI

character sec, &=l
convarzian charaszers, €-23 ta
E—26

JAZCTL directive, G-i;
ta 6-38, £-36, R-1

LJASPCIE divective, A=1, 628,
f-15, B-4

LASECT direckive, 3-11, 3-13,
-.!'_l'q'p 5_E| '5—43. t'ﬂ E_‘}?i H_'t

H-2
I B_:

r
T
=

h=-21, &a-2i

Assembler directives. See FErmMAnent

symbal tabla
warsion ngmbgr, -4
hpsembly
vPrar. Sc¢ & srrorc
listing symbols, 4-1
pasa L, 1=1, 1=, &~k2, 6-1F%,
t-14, 6-4%, E=~1@d, B-L1:Z,
-3
pass 2, 1l-~%, 4~12, 6=21, T-1hH,
D=3
Apslgument operakar. Ses Direct
aasigrment aperaksnt
Aasatygrment atatemenlt. See Direct
agglgnment Yesteweirtb
Autodecrearnt deferped mode, 5-1,
-5, @-2, G-1
Autodecrement indicator,
Auvtodecsrement made, 5-1,
B=1, B=2%, G=%
tutaiporement defereed mnda, 5-1,
5—4, B-2, G-1

-2
-1,

putoincrement indicator, 3-7
ratolacrement mode, /-1, &-3,
-2, G-1

Base laewsl, E-14

OCC lnatruckinn, F-11

5C5 Ilmatewclklaon, E-14

ALY instruction, B-2

BET imebruction, E-13

BCT imscruckion, T-14

HH] instroeotion, E=14

BHI3 imacrucction, E-13

BIC irskruckiapn, E-13

Binmary operacor, -4, 3-5, 3-1hA

Blznx line, 2-1

BLE inskroecion, ¥-14

SLER direcroive, 3-14, -2, 6-36
o H-3%, -4, D-3

ZGLEW Sirective, 3-14, A-2, B-38,
bB—3iB, 6—48, B—4, T-3

BLZ instructicn, EB-11

BLa2 inatrucklan, E-112

BT instructliam, E-13, H-72

EMZ inatrvuctien, E-1R, G-13,

&% instrucklon, F-18, E-11,

Franch instructicn

addrensing, 5=9, DO-2
uma 3f, E-iB3

+AYTE diractive, =2, B=Z3%, E£=38,

B-L,. 4

T m
1
Wt B3

O biv, E-9
CALL inatruckien, H-3
Jalling couventlon, E-B
Tharactar =t
RECTL, A-1 to &3
legal, %-]1 ka 3-3
Racin-nh¥, A-53, A«HE
CLR lnsktyyction, G-3, G-3, H=2
CMT instruction, E-131, H-Z
Coding stcandped, #-L
comment, E=1, E=5
deiimiver, -7, B-1, E-12
fiela, 2z-1, Z2-4, -3, BE-1
commergial instruction set, o-3
Cammey exlk, F-17
Complex relocatabkle expressian,
3-18
Campley relosation, 4=, G-

ingex=1




VERLE

Careatenation indlcakor, -3,
Sel, B-3
Carditinnnl assembly, &-5. Lo
a-th, M=, TR, D-4
imreciate, A-54
Carditiconnl azsembly block, T-3,

=1, B-G&
Coancddtienal assenblyv dicackive,
G-49

Copyright ztatement, 5-5
LCRASE dirteative, Ah-Z, R-22,
F-4, -4

LEEE“ relerenco Jisting, 3-13%,
-0, A-=, 4-0, E.L4, B-1If Lo
E—.E -, Seh, Beb ta 97
JCBECT ﬂI:Ectkuv, 211, 2-13,

B-2, A-a4 to S-47, 9-6, B-d

Curcenlk incatinn counter, 2-7,

X, %-1% te 3-14, 3-17, 5-B,
i, A=3¢ L F=1i, A==L3 tn0

23 RB-h, B, D-Z, L-1

0O erroy, Zaj
Oata
Sharing, o-45
storage, R-F
storage direciives, £-23
Lefault radin, 7-14
DEIEuli releter dafinicions,

-19, =21
D@fﬂl[?d acdreseslng lndicatar,
S-3 . Bel

Delisibing chorzstere, 3-3, A-17
R-%203, K-3% fto H-5%, -3
Dovice Tegister, E-23
Diraect ausignmens
cperatbar, iel,- 35-2, 1-9,
sbatement, -5 =g .0, 3.
=21
Litestivos, Sop PeImancernt
Eymbal takle
LIV lnstenction, H-2
Nivision sperxtor, 32, 3-5, -1
Tk 5011 charasier indicalor,

E—1
L

.'i-|

-z, -1
LOSROL fleective, G-2, G-L% to
f-z1, Z2-6, B-8, 9-4, B-4,

-1

lmmmy segussni, -2, 7-11, 7-17

E arrar,; B-43

EMT lnutruction, H-%, D-g

STHAED dlreckive, G-2, A-19 to
G-21, R-£, 8m@, d-4, B-4,
=1, 13-, D-4, F=2

+END elrective, $=23, £-~48, B-4,;
=3, N-2

S IHDD dicecklee, £i-3,
ba A=00, G-453, T

»ZHDOM dicective, =3, 8
T-3, V-8 =pn T-8£, T-1
=37 o T+L%, B-J, I

.AHDW ﬁ rective, 7-19, 7«23, B-5,

th:y praint symbsl, 6-532

«EREGR Jdig=ctive, 7-16, E-B, O-d

IOCISE EEzdgrh, -1 kta D=5

. FYEY ﬁ Tecklues, /-7, €S-0, ¥-39,
B--5

Cunregalon, wyaluation of, 3-1%

Expregsuion indiceter, immedicte,
-2, Bl
Extetnal expresaina
Fxternal =ymbol, G-

Glehal symbe]

ny, =~17
Li. Sop 3lsa

Flaid teeminaror, 2-2, B-L

FILEZ-LlLl, E-19

Ficatinzg-peint direstives, B-5,
See Fl34 ,PFT? Girgativa

Floating—point inficator, &-3

Flaoating-merint prooesscse, 1-14,
A=id, b35S, O-4

Floating-peint roarding, =18,

fi—3d
Fioabtlngy-polint truromtion, =19,
=15
STEME direcnive, -1, &-35, H-K
Leprd Jirecvivs, A-1, E-35%, D-5
FLY, &-9
Cerbilcddnr Enstrockions, BE-113

Format coklbral, 2-5
Fourme il pd binervr =119
FORTRAY, B-d47, E-1%, &
Forward raference, 2«8, 53=9,
i-ld, =13, D-d
illegal., D-3
Funckbian fcankrol gSwitches, See
Ewitohes, Eumsticn conbrnl
Fonclbiovrn directive, §-10

Eiobal ewprassion evaloatiomn,
-1

Slabal lakel, &~L1

Glaobal relference, =21, A-51,
=i, G-2

Zlobal avmbal, -2, 3-7, B-h,
=2, I3, E-4

Ulabal svymbel definition, I-2,
-1, %2, Eed, 6-51. S=e
#lan JGLOBL directiwve

Clabal z2yalbol diren furv 1-

LELOSL directive, -7, B-2, E"Sl.
B-5, E-4&

Hirdware veglster, E-2

T error, S-c8; B-30

IAZ, f-%R, T-31, A-1& ta &-17,
B=-19 to E-22,. G-1

« IDENT divectlwa, -2, #-1G6, B-5,
n-z, B-5, H-7, B-1%, p-1
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LHDOEX

JIF @lgmetlye, 5-2, #-13, A-53 Lo
A-9%, J-3, V-8, B=-L, DO~L, D=2
LIFF directive, b-2, G-5% to

EwLE, Beh

IPT direarive, H-Z, A-G5 tno
6=-58, B-h

JIFTE dircutive, -3, #-650, =57,
B-=1

LIIF #ircective, 6-2, £-30, H-%,
J-i, D=2

TLlegal sraracters, 1-3; =2, T3

Tllegal forward refarepcs, D=3

femedigts conditciopal azzembly,
L by

iwmeliabr expression indiecater,
=3, B-1

Temedlare mode, %-%, S5-&, B-2,
G=-3, C=-4

Ixpliclt JWCRD directive, 2-1,
2-4, E-25

STHOTHTDE dfrechive, R-2, G-f1,
8-%, S%=B, CT=h

Indeilnitbte repeal block. See
pepest Dlock, indelinice

Index deferred wmode, k-1, k-4,
-2, G-2, 5-4

Index mote, 2oL, G-z, hK-%, H-2.

G-2, 6-4
Initial argumert indicator, 3-2,
B-i

Initial expression indlczeor, 3-2
Tniltlal register Indicatar, 1-%,
-1
Inatruction sek
commereial . O-3
rRpp-lt, -1
Intetrtupts, E-1:Z
LIRP alrectlive, 7-3, 7-17 Lo
7-19, b-f, D%
LIRPT directive, Tod, T-L7 ta
7-19, B-a, D-2
item termimstor, 3-2, EB-l

SME inscrweciiob, 5-%, -
JER ipatructian, 5-3, =

. =arroop, 2-1
Label
[ield, 2--1L te 2-3, E=1
mulbiple definitliaon, 2-3
Lermipator, 3-3, 0b-1
LIBRAERY dirgctive, A-2F, 6-0LQ,
9-o, B-&, T-8
LLIMIT directive, &-3, L-3%, BE-G
Line format, E-1
Line priuker liating formar, e-3,
B, B-12. Bas also Listing
cantral
Linker, 1-7, 2-2, A-17, &=241,
-4, B—R1, F-45, G-1; O-4
Linking, 41=1, A=d43

LLIET dirzctive, &-3, B-9 tn
A-Id4, H=-31, 8-R, #=11,
ga-r%, 9-4, B-f, D-1

Lizrling vontral, fi-4 ko G-14,
Zer alzge JLIERT directive,
JHLIST dlrecrive

Llstlay wozkrol swibohe:;, Aes
bwitches, listing conteol

Listing Llevel count, F-9, R-18,
Eali, S=b, B=T

Lacal symbal, 3-11, 2-12, 7-8,
T-9, f-4, B-4, F-Z

Looal symbel bleook, 3-11, 3-12,
-2, Ded, Folf

lomestion countaerp . Hese Currenl
covation counber

Looation aounter cenbrel , -34 ta
g6

Legleal RHD operator, i-z, 2-%,
Re-%25, HB=l

Tegleal ineiezive OR opetrator,
3-8, 3-8, £=%15

Lagiasl 07 epocater, 5-1

M error, -3, 3-1, 3-2, 3-=
Macra
arqument, F-7, T-1id, telL, S=3
acjlifent cancat=hakian, T-31
atsribute directive, 7-12
definfksiopn, G-23, 7T-1 tao 7-13,
7-15, ¥-17, 7-L8, 7-28, B-4,
—o, B5-F, E-&, F-2
directliva=, 7-1, 7-%, 7-4. See
alsa JMACRD directive
expanalon, -1, 7-3, T-3 ta
=7, -8, T-1L, T-1T7, BT,
-4, F-0
exgansion TiskEing, B-%; A-12
REywaTH avgunaent ; T-£; 7-1@

weywerd indlcater, 3I-1
aane, 7-1, 7-%, T-£, D-4&, E-d
nezting, ?-3, 7-31, 7-%£, 7-17

nuEaric arqument, -9
redafiritlcen, F-21
aynbtal, i-§

Masren o3ll, -1, T-£ ta ¥-1Z,
7-12, 7-28, G-1, B-i. Dee
almsa JMOBRLD direckive

Macra ocall argument, V=4

Macro 2all numeric argement, 3=3

HRCRD dlrecvdive, R-13, £-21, 7-1
L T-%, 7-14, 7-1I, B-&, R-&,
D=1, ¥-3

Maarn Library ditecrive, fees
SMCALL divective

Macro =ymbel bable, i1-f, I-7

MALERD-%11 charbotar ask. Gee
Maracter set, legal

MORLL direcrive, V.28, 4
A-%%, 9-h to 9-6, BA-¢
-4, B-% ta -3

-AORLETE directive, 7-21, B-7, O-7

kb,

r

Indix—-3
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IHOEX

METary Page
allacekinn, O=4Z, #-£7, F-1, hesder, -4
F~2 _ rromker, R-17
ConFeCwaTion, F-1 Patch, E-15

SHEXIT divectkive, 7-1, 7-1B to
Te=2d, B-TY
Modalerity, é-44, E-8, -

Permanert zymkal tapl=,

C-1 Lo

0-1, 3-%,

5T

Mazinion-independeant cods, G- ta

Modole zhooking routine, E-9 Fats
Mad.:in prefacs, E-5 RIET dlrective, T-0%, B=7
Mordbor oonscle routlane, A-1, A-2 Pracasaar prierity, D3
MDY irstroction, 2-0L3, 3-14, FEOJvam <ountor, G=l, EaZ, G-d
R—-37, k-%3, I-1, E-131, G-2 Lo Fengram gounles definition, 3-id
-4, B-2 Pragrsm develovpmens svstem, Beid
MIWYRE fnmtrustion, H=2 Progeam modale  =-h i
FMult!ipie definizion. See M erroy Frogeazm secbion diveeckivpe, Sse
Multipla mxpresSsion, 2-4 JESECT dirnctivn
Muitipie label, 72-32 Frodram Lecoinp nane, Ge4n
Mulriple sywhal, 2-4 Frogqram seciion kanbla=, 1-1
Multiplicazien cperatkar, 3-2, Froqram werslon mumbar., Seoe
A=, h-1 Verelon idantifier, progran
FrogrEmzing standard, L-1
SPSECT directlve, 3-12, %-14,
K crecy, 3-15 -2, &=3, &-28, [R-47 *o
ramlnag skendard, B-3 E-df, T-9, G-s, B-F, D-1,
SWARG directiyn, 7-E, T-l2, F-11, a2, -7
#?, -2
JATHR dipenTtive, T-12, T=13, B=7,
O-2 g errar, R-2%, E-34, £-34
Eearted conditlanal directive,
A-35, A—38, 7-3
LAZIST elcectlve, 6-3%, 6-8 Fo T errar, 1-1g .
i-l%, 6-16, 4=il, #~G, B-13, CRELGH directive, #-3, -39,
B-13,; O-4, B-T7, a-1 S5-8, A-7
JHCCRAGS dirmanive, =31, A=22, Radilx corkrel, 3=-135, 3-33, F—34,
B=7, C=f E—E
«MNTIZE dirvectiwve, 7-12, 7-14, remporary, =30, f=3%3, B-3
B-7, D2 HEOIX directive, 3-15, B-3,

wWomber of #rguments. See (HARG
Airective
Mumeric argument ipdicavtar, B-1
Kumerlec ennsrel
SGPECATOT, GB-13
temporacy, B-36, H-3
Hoemeric Glemctive, 6-34

Radiw—53, 3-49,

4-312, 5-5, D-1

E-3@, A-41, B-3X,
=5, H=4

charagror set, A4

Temporary apsrator, 9-3T

Resd-nply scdesz, A-%£]
Aeadwrita acoesa,

£-41

Reqialag

Convantipos, B-0

0 ercor, B-4R, -S&, E-57, T-4, detinitinns, default, 3-1P,
-1z, T-14, 7-I1 £-21
Chieck medole pame, 1-2 eRpPrEssinn, 9-2, H-1
.0 divaectkive, -3, G-17, G-3H, symbhol, 3-17, -4
0-1 term indicskbsr, J3-7, 2-1
Cperand Eleld, 2-1, ?-4, E-3 Resy stir deferred mode, -1, 5-2,
operand fleld separaktar, I-2, R-1 -2, 4-1
operatisn tield, E-I Register mode, 5-1, 5-Z, S-2, G-1
Cperotor fleld, -1, 2-3, 3-2 Belative defeered mode, £-1, E-B,
twerlsy, 6-42, 6-48 B-2, G-2, G4
Belative wode, G-1, 447, =-8,
-2, G-2, 0-4
P etror, A-28, 7T-lb Relagatable axgpresalen, 1-17
LRUERED diractive, 6-3%, B-41, Relocalkahle maodale, £-43

§-37, B-T, 0=
LBAGE Airantive, -3,
Fi-7

£-1T, T-4,

Icdex-1

———— e i

Belocatian,

Rolocatoble progeam sectlon, €-44

to B-47, H-3

4-1, £-43
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EHIEX

relecation bles, -2, 3I-17, 3-1E,
1-1, H-43

JREM Airecklye, R-3, H-1i, E-d,
o-=-7

Hepuat biock
Gircctivne, Snoc JREPF direcibve
Indefinlbe, 7-3, 7-17 Lo 714,

BE—d, T-F

DREPFr Airgcsive, 73, 717, T-2d,
B-4, DO-2

heserved symbols, 2-%, 2-1, -7

LRESTOAORE A irechlve, 2-11, E-1%,
B3, &«20, bB=-49, R-8, O-7,

n=-3

RETURE dirsciive, n1-32

faru, $e] to 9-49

naY run-time syatem, 9-1, G-

RIK-1'M, -7, 6-41, 6-4E, V-21,
3-2 ko %-13, B-F% to B-Z2Z,
E-Z2, F-2, 541

ROK-liM-PLUS, B-1 +a 8«11, B-L
Ly B=23, G-

RP-13, 17, A-41, &-d31, T-21,
-] = B9

AT-1: run-time sy=stem, 9%-1

wal

- BAVE directive, -5, &=20, R=4%,
G, B8, C=T, D=3
LSETTL directiva, &£-3, B-4, B=1%,
5-R, H-2Z
Separatlng charackers, -3
Seguance number, 6519
Single ASCII character indieatar,
-3, -1, B-3
Source line format, 2Z-%4
Gourgere line Germinztor, PB--1
Epoeial charaetars, 3-1 ko 5-3,
T-7
Htack pointer, B2
definitioen, I-10
Stakemeont formarn, I1-1
U5 Inscruction, E-13
Guncunditlanal agsaembly, 6-55 to
fi-55
Euhtraction cperater, 1=, 31-5%,
B-1
BuarogssSfaliore Indicater, E-A
fwitches
Flle apeciflvaklon, &6
fenctlon conkrel, -G, 9-4
1i%zirg conbkrnl,; B-R, 8-T7,
L-4
Aymbol name syntax, E-2
Ey=bol Eable, i~-i, 1-2, ¥F-1
Symoollec argqument, 6-4L
S¥ELIE, P-4
Eystem maoro rikrary, 1-1, 7-28,
8-4, B=34, %9=3, S-L. Ham
wlse JRCARLL direstive

1 errFar, 1=L5, 6=21

Table i contents, #-317, &-1R,
il

Taak bullder, Sae Linker

Telepriplar Ligtlsg Fodmalb, A-7,
G—_31, See alsce Listing
catelyal

Tempurary bamecic cantral, See
Munmeric coanteol, bemporaty

Tempoatary tadix cantral, See
nadl: comirel, Lampoozey

wemporsry Radig-LSd operator, G-31

Term, deblultien of, t-T5

Teralnal argunent ladicakar, 3i-2,

o-1

Termlwa]l expression indicatce.
32

Terminal cegister lwdlecakar, 3-2,
B-1

Terminmacing directive. Hes EBND
directive

Thrasting, F-1

+TITLE directive, b=3,
G-15, f-21, B-A, O-
-7, E-l6, B-1

TRAP instruckion, LH=9, D-4

T2T instcuctian, R-1@, E-}1, A-2

Red, B-13,
2 5

.
r E- r

Y error, 3-8, -9, 3-15, &-21.
7-21, A-7, 8-9, A4-15
vnacy operator, 3-4, 1-Ig, 7-0,
F=-1
aontral, B-32, E=34
zoiversal, =3, 35, B-1
Uncondinional assembly, &-36
uncetfined symbol, 3-5, 6-2%, D-2,
L-4. Eae alao U arrsr
Uznfvarxsal apary poorator. See
Inacy gperatar, universal
Uaper=z2ass ASCIT, &-119
Uzer-defingd smymboel, 3-8 to 1=
Uarr-drnfined swmboel table, 3-2.;
i-h to 3-8, 3-if

VYer=ien identiflar
aasembler, =-4
file, #-zA
BIcaram, A-17, 3-5
standeard, Z-14 te 216, See alaas
LIDERT diractkive

JHRAY Sirestive, -3, &-3Z, B-8,
D"

LHCREO directive, 3~iZ, 3-14, &=3,
fwdd, k-34, B=35, B-~2. Bea
glee Tmplicle ,WORD directive

T arrer, %3

Tndg==k
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