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PAEFACE

0.1 SANHAL GEJE'I'_"TI'I.-"EE .1'|.'H.I!I HELDER HSLTHPI'EDHE

Tho 1ntent of this manaal 1% td snable use;d tn QFUﬁiQL yrﬂqruma ‘oided
in the RMACRO- 11 azgenbly langizge. Hag ptt&r kbnﬂfhﬁgﬁ af ke ERERE*AI
Rﬁlﬂuafaﬁ g hsqembla; 14 anspm&ﬂr _

'5lthaugh Ehe ﬂescriptlnn nf the _@ﬁe&ﬁhig “1éhgﬁﬁqe ig 'wﬁn‘ly

self-¢ontained  within this fmanodl, e rﬂﬂq$€ 1ﬂ ansussd 9 Do
famitiar with the .PDP=]1 procepsorcs- - and  relakss tafnlnn*qqy. 15
presented in the PUP-11l Procegaor haﬂﬂhﬂ¢kﬁ.“ Mo attempt. is mada .in
thig dacument o degerlbe the PEP-11 hntﬂﬂm:e ﬂ: Ehe fongEionsg nE tile
varfiaus POE-11 jaskructiona.

Singe the development of Lrograme necesaarliy,,inﬂgluﬁﬂ Lanklrr to
create  an . exscutsble  image, the réader 18 Enfoura d- ta becdne
fam{liar with this proceds,-as presented 1in 'hg ‘aprlicable” sygtem
manaal {goe Secitidn 0.3, ' : S ' -

in presenting MACED=11, a tutorial biaz Ras been. adopted to enlarge
upan  the referesce matarial. Thig posture - §8 reflected in Hhe
cEimpLles and the ﬁ»numpnnq;ng conmentarcy ﬁai»::hinq.ﬂﬁm&ﬁ-li lanagudye
elaments in ifypical epplicatiohns. Partiqra of Lext. rhat ate .eshaded
indicate that a particular ERCRG-11 featygfe is-nat’ #dil&hlé-ln the E&
version of MaCRO-11. . . . . - .

L.2 STRUCTURE OF THE OUCUMENT

“'nia manzal containg three parts. Part I, conzigting. of two chapters,
brie=fiy introduvees MACRO-11. Chapter ! ilzEg Eae Kev fealokes of
BACHO=11, and Chapier 2 @idgutifles thHe advantzges of following
programsing - stendards’ and conventlonz., Alao degorified iz ehe. format
ufed ia eedipg MACRO-11 seurce progeang, - ' I

Part il, consiating ol three chapters, ppea&1;s gEﬁq:al inforpation
dsaentlial ‘bo progiasting with the MACRO-1I azsowily Language. Chapter
# describes the symbols, terms, and expresaions thgt form the elementa
of MACHO<1)l ingtructiona. The character legt is listgu. and the types

‘of prograrmina sysbole chiat by be defined by t?ﬂ E@¥ are diaLuEaeﬂ.

Chapter 4  describes - the oskput of HWAECHD-11 avd presents concepls

essgntlal vo the proper relogaticr and {inkdpo el . .cbject modyles.

Chaprer § briefly degerites. bow dats stoeced Ly gty can be agosssdd .
inddaaninu Jaked usiﬁq the addreasing modes recuqnizfﬂ by  the EDE~-1L
BLAWAL®E,

Ex



. B T kel

Fart II1I, sansistimg of Ewo  chaptere, deacribes Yha HACR=1]
directiwves that control +fhe progezsing OF sturce statemente during
aasewnly. <Chapter & discusaea direckives which accomplizh yensralized
MACEO-L]1  funcbions, while Chaptar 7 deaely with directives uased in the
definitics and ezpaceion of maccas.

Finally, seweral appendizes are spreovided, eupyl ying additional
infoezation of intereet o the AACEC-1]1 cxoagrasmer,

Appendix B Mgk the ABITI and Radix=30 charactcer setsz that may Ge
nscE i MACRO=L]l pregrama.  Appesndix B lilatg the npecial charackers
recagnized By MACREO-1l, gsuoRsrizes the svntax  of the varioua
eddresging modes used in BLRP=]) peacessors, and briefly dzacribes tiwe
MACRO~L] diregtives in alphabetical arder. The permanent Symbols ozt
have been defined for use wikh #RCRC-11 are lietad alphebeticzally in
hppondin C.

.

The Fiaqnﬁhvlc grror ordes produted oy MACRG=11l  to  ddentify wverslous

N ATE=1-3- 1 Errore detnctnd giting’ vhe Aazsesbly process.are ilsted

hrh&hﬁ 1Lally in Appendix D. appecdii £ conkiding ca gdople  coding
stancard  that ld recommesded oractice 1o prepacing MACHO=11 ‘bragrams.
appendly Fodiscusses several methodas of consetving | dyvmamic | memccy

-space for useks of aSmall =ystewms whd say supytienco diffiduliv in

aggambt [fg MATRO-L1 peograms.

Appendiz G 1€ a dizowselcn of p:sltiﬁh.lnﬂcpéidgnt_fada ﬁP{c].

0.3, ASSOCIATRD DOCGMENTS

Tha resder should refer to  Lhe applicahle. dﬂruméﬁhétfnn'_dirg;tﬁry

ligted kEkelow for descripticre of deoccoants’ gssddipted "with thisz
manual .

1as ;bcuﬁ&ﬁtatiﬁn'niic¢turv

Ef--llHHdEK-l 5 Dosumentaticn Directoey

#T-:1 Dacunmeatation Directocy

¢ ¢ DOCUMERT CONVENTIONS

'Ihélsyﬁbqle-uefiéédIb&law aré uéed_thfnghnut this mangal,

Symbhal Cefinltion

II o . Brdckets indicate that .the encdldeed argument’’ ia
: T opt il:\Tl.ﬂ.]. . ’ T : © ’ ’

P © ¢ Wertical bara indicaka that a single chaids’ mist be

RIS ., made Irama Llsé OF asgusibats. Tz

_;,.'-" R 3 11ps 1% {ndicaces oolional Sontinnatiof of an argmment

Lnat in the fora of che last E:eﬂified argueent. |

P b
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UPPLA=ASE
CHARGCTRRS

1owes—rage
characters

oy

Upper-case chdractebs indloate elements ﬂf Lhe 1ahgua§r-
Ehat must be used exactly =e 5hﬂwn

Lower=cade chatacters ;ndlﬂa;ﬂ E&awrnta Gf tine langdage
that are Eupp;iad by =he F:ugrummsr.._

Ip =ome inEtEﬁuEE Lhe EynhmT (n). 8 - wead following,K &
nunber to indlcate the  radix. . For example, 100([%]-
indicates that 100 1g.an &ctal “wvalwe, whibe, 100(1G]
indicates a degimal wvalpe, . . . :

i,
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- . CARREER L
MACRCG-11 Eﬁh&pﬁﬁﬁ}.
-The MACHO-L1 hasembla: prﬁvidaa hHE fnllhﬁs*g fﬁa#utﬁst

_1-. ﬁuuxce ahﬂ command dtllnq Lﬂntéﬂl Ga ﬁaﬂ&mhly Iﬂfftiﬂui

i; ?qu;éu qu Elienaﬁﬁ Epﬂ;lfl ﬂtlﬂhﬁ fnr ;npmt and ﬂHLPJt ‘B;EG

1, }Errmr list1ng on cumm&nﬂ AAERLL, ﬁE?AEﬂ ":i_ L _--:

47 Algaibeitzed, formahted spmbel - tahla l{ﬂtinq, .. egEional
crass-rolerencs liz€ing of E“mhulh : .

5. GEelocatoble abject modules

b, Gl&bul symbala far ;1nP1ng nb*ﬁct nﬂﬂuj&n .

7. Condledonak aaaembl? ﬂ::ant:?ﬂ* L
3. .?ragnam #ﬁcxiﬁn&ﬂq ﬁir&fLLv'H _:_ﬁ

g, Uﬂer—deflneu maCEos aﬂﬂ Mt o, 11&;&:133 ”E-f T
N tnmrreh¢naiu¢ ayfbea nacro llhcafy :

11. Extenzive BOUFGE" anﬂ cammand Etflﬁ! ?ﬂﬂtiﬁl o -iisting
tunceioma. . .. ' ThoeiL e oo .

1,1 DVERVIEW OF MACRO-11 e T _i

MACRO-11. is a I—Fauﬂ azsemblér,. The suuﬂhlnhs uﬁﬂ HP“fHLiGHE Ielevant
wo -each zpeembly pass are duﬂcrlhed 1n the fa‘lnwlﬁq RO EORS..

1.L.3 hﬂﬁamhly P&ﬂﬂ 1 T o T ::: - L _ .

The main putpode of asseabiy parRe L ls to lucﬁta nnd tazd oll requirad

‘maopes Leom libracies: s hulld aymbol tabhled and pProgram suctian

+aa te% for the programy while alsa pepformlng e ﬁuﬁlzgrtaﬁy aaseftrly
o &aLh Eoarce Atatement. .

. THa Fiput zbadge of aggem}nlg pass 1 is the ir I::lﬂlj‘."atlf_""ﬁ pf sll imoure

Aakta ‘aceayd  that MACED-11 -pees inteinally for the zssembly process.
Thege areas incleds all dypamic starsge areas and buffés aress uwzed as
flle Bleorage region:.

aAtter initializing memcry arcas, MACRC-11l isswues a4 dall to @ - hybtes
gubroutlne wakch transfors & conmand line inko memery. This 2afmand

v .
1=%



MACRO=1} PRATJIRAB

line zonkains the apesifisations of the files Lo be uged during
aearmoly. After ecanning the comzand 1los for proper oyetasx, MACRD-11
initializes the specified output Files. These [iies are apened o
gecerning L valid ocukput File specificatiane haws been pageed in the
coEmanc klme. They are then closed to sinimize requirements for
active Zile space.

Aep che asgsembly process begins, MACRO~1l ipitiates & routine which
retrieves souree  linea [from. ke ioput  £ile. IT no such file e
cuctently open, ag ia the case at the ‘beginming of assembly, MACRO=E]
npens  the nexe  input file specilied jn the commesnd line praviowply
read and beaina to aesemble  £he sduarde Btatamants, MACHO-11
detersines the length of cach inatructlen and assembles it aocordinoly
a8 g wWword, Ewo words, ar throee words.

Ao the end of azgeably pass 1, MHACRO-1l recpene fhe oucpat filas
described above and writez oot Infeormsbion that is to oe used later ino
linkied the abjeck modulas. SBuch lnformation 'as  the dbject  moduole
tgon:,  the prograx veision oumber, and the global symbol direckory

“IBESR) -entries fof mach pProgram seckion are gutput o the chiact file,

After wriciws ook the ©ED entries for a  given pragras seclkion,
MACRC-11 szaas through the  sywhol  tabnlse €a  Find  all’ the " glaial
aymbiala  that are bhoynd ko that particelar program section. MACRO-.1
then wrikes oui G850 racords to the object “Fila® For C bhees gymbols,
This process oontinoezs far each prograzs section, brifnding ta a close
assenbly wpaas 1,

i,1.2 Assembly Page 2

A8 an integual pact of pass 2, MACRO-I1] simultancousiy writes  the
ontect records to the aytpet file and genstates the assembly 1dsting,
fallawe& by khe sembol  table Tizting far the  program. A
crosa~referense listing may also bo- agcosrated. ' ’

Basically, assecbly pass 2 conmiste of tned - sasd  oteps  perfocmec  in
asseaniy pasd 1, except thek all source statemeats gontaining

"HACRO-1l-detected errors: are  flagges  with: an” erydo¥  eedo gz bne

azsembly Jisting File 1B creapsd. The okject fille that ‘35 oreated aa
the finel tonsequence of pass 2 gontzine all the ohject records,
together with relocatlon reocords cantaining Information necessary for
Subweguent rlakbing of the obiject Efilas.

The infarmatios thus passed enszhles thz global symbolsz im the obdjest
moduies ‘tu bp  aseociated with ehoslute or virtnal memory addresses,
theceby forming anéxecutable body of oode. . : :

Thir wser may wieh to become famillar wikh the macro cbject €ille Furmar
and deacriptlon. This dnformatlon is  presented ipn thue applicabnle

avsthe manual [see Sectlon .3 in che Preface]. . -

e B A b e B B & A
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© . QHAPTER 27
SOURCE FROGRAM PORMAYT

.1 PROGRAMMING STANDAEDG AND COMVENTIONS

Agpembly level programming dgaig directly uLEh' Hae - Woak h;:ﬂu&ra
Bencr, 4redt care matrt be " exetgfised  In- dﬂt&hﬁihhing Frogramming
standarde and convantions to enable code . weibten hg ﬂﬂF sronp  bo . bhe

"Inte:chanQPd eaglly wikh another granp.” Stanﬂﬁrdd pravide a Hinber of

advaithues,  Whén spolied to. the  gEodiamn ﬂhkﬁiﬁﬁmsn+ pEddisa,
atandardd make fhe progeammning affort sasiar 'tor St

Plan . o e
Cobprebend

T&gt

Madk i

Convetrt

‘Evan thoogh - standardas - must  aceommodane lnﬂﬁi 'fﬁqﬁihaientn, TRLY

sgpects -af the | drogial - developménk - CDESIRAS T Rave Unieersel
n# ileability. Thie stenilards paimees to: ald . of DIGITRL s PRE=LL

tware .products arce presenta Lo Agpendix B As-w ﬁdﬂni AGe e rs.,
ﬂbiervan:& af tkeps standarde ig heneaficial ko ﬂlEI@HL end ita ueers,
by eimslifving oakh ramﬁuni;a*inns and the. cnntinuing tagk nf goltwate
iy Lotonance and &Hhuutrﬂﬂﬁta .

£.2 BTATEMENT FORMAT

A gporoe proagram {8 Lbnpua&d of 4 seguenie- af - @odeee  codiag ‘1ined.

.Bach Iide .conkainus & Single aksenbly=-lLindadbe  stdtemonc. MACRO=11
- will adcept a scvrce line of 137 chatacters; ‘Dad% & ?haréftfrs iz -the

tec onferded . ?&ngth, hegauae bf ?ﬂﬂEfﬁa;ﬂﬁﬂ tqu#n# by liﬁting Bar mat

vl tu:wiﬂal Lihn EEET 0

K Mhﬁﬁﬂ-‘i EhatEmE1t mAY CERELET of as mamy . as - Fogc fiakﬂﬂ. Thie 5=
tieida aré .identified by theic order ™ Cof ayﬁEatgﬁﬂe within ~the
gtarement andSar by specified ﬂEparatlng ‘charactefs  betweén’ Eialds,
lhe gpneral IG:mat &L E HﬁERU i1 atatem&nt 13' ;

Labe s Operstop Dphrand - ?Eqﬂmantaﬁﬁ

‘The - labsel  and cosm=ent fzelds ‘HTE DFtanﬂ ) ThE uperﬂtut and- - cperand

fields -ate intardépendent,. i.e.,’ when hath fielde are prepéent ‘in a

BEoOFce Etﬂteaaﬁl; &ﬁeh E;&l& is evaiuzsked bT Hﬁtﬁﬂ*ll in  thHe Jonkext
-afF the afhar,. - .

A statewest #Hay centain an opsratdar fiseiwd ahd ne 'nyp:anﬂ Fialid, Lut
‘tha reverse . i% ' not tene. . A sbacement contfaicing am operdand with no

vparator doez not conform to established MACRO~1l goding convenbions:
sach a Blatement is curcently interpreted by MACRO-11" doring azaeshly
ag an izplicit .WUHD dicsctlve (see Seckion §.73.2).

z-1
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SOURCE PBOGHAN FORMAT

BACRD=11 interprets and orocessgs 3curce  progoanm  shatements  cog by
Dn=, ganeisbkiod one S nera oinary instructione or data worda, or
Pt Farming a Specified assembly proceas. Blank lioes, sithouwgh Ieaal,
have ne zignificance in Ehe #ouree DFoOEem,.

Rp sAseobly-ianguage statement must be completed on ane source line;
ne conkiegasien Ilees sare allowad in MACRO=11.

The tab charectsr can be uged in Ehe aocukee statemsnt ta  fopmat khe
fizlde into sligred golomnz 1o ageosdance with DIGITAL': standard
apighoe proayrdm formab, as Ehuwn balow:

..

Tabel = begine in Laljmn 3
Upergber = boeging in calumn 5

Operand (2) — baginlz) in colams 177

-

. Comment 8] - baginist in columa. 33, L o

-

-For a;amﬁle} Ehe foliowing ﬂtatehenb Ehu;Lﬂ bEa fufmﬁil&d in.Lﬁé'auutéa

Fregram intn, apécific oodiumng, incressipg . ifa tesdalbiliby - ip. Eha
azanrhly liptinge . . L .- . R

RESTST  RITEMASE , VALDE ; COMPARES BITS % QPERANLE. -
1 9 1T 24 (columng )

REGLST: HIT YHASY , YRLOE JICOMBARES BITS IK OPERANDS,

The abuve formatiing.copventione-sre not.mendabory in coding M&CRDHLI
.progtape . {fieé-field kel BT iz Pﬂ'ﬁﬁitiﬁalﬁn_- Bowa'ar,. it i3
crecoussndad that source programs be prepaned . in acwnrdanhe hiLﬁ trgae

"DﬁFEnthnl fnz comaigtency and cl:z‘ty. - ) -

.
y .

- " - B -

d.2.1 Label Field

B jabel is a means of avooalirally referring to & lasatlon 12 &
Program. T ST S PR

& label is e zggr-defined symbal whicgh iz uﬁﬁiqnaﬁ the, value &f . tke
eurchnt lnLhtzﬂn ceunter and . eakered -igtd . the uaerhdeflﬁed Efabﬂ-
rable, .The vurkent:locatian coonter is the means . &y whigh . MAafRO=-)I
sEzignz, Femovy pddreBRSES to Lhe SourceE DLOQTas statomenbs as Ehey. 2p9
aencountered doerlng the aasemb]y Frocesa. The addreas- value af - Ehe
Iabel iz &bsolute or relocakable, dependiag on whether the correns
fEGYrEm faction baiay agssonaled- is  abdaluie ot . pelecaktable. - iThe
gancept . . of . program -asctiane and Ene- aLLribuLﬁE that mﬂf be &ue:lii¢d
for -them are.discusged in datail ir Spctlon, E £,

I the azase of An anﬂﬂsutu Erodram 5mn:1nn, the ¢alus oF the current
locztiaon  oouetas 12 likewise ahgolutu, i.e. ;- LEs-valypg. referspoes an
zbaoluie wirbtugl memoey addrass {sech as  Ingation” LOO), Similarly,
Ehe . walug- of - the  curfsnt. losation cpontesr in 4 rfelacstable. progres
sActlan.i% alsno reldcatabla;. . acwever. & Celecazidao; Gias calgnlaged at

~Eink  time will be .added to the . apparent waiue ef  the.ouirsnt locatien

sounter Lo escablieh its effective absainte vi:tual._p;ﬂtLEE ak
axacution time.

St B . g . . B . -




“are aach. anslqaat Eira ualda lﬁﬂiﬂl

EQURCE PROGRAM PORMAT

1t pigsent, § label always appensrs a3 the Plrgt Theld in a’ BOTCCE
statement  and -must He - tersinated by a calan. . Puﬁ [T L lf B

.QErrert locetion countet Talid is abﬂaluta lﬂﬁiﬂrn tha EtatEMHﬂtr

s s

ABCD: MO A a _ _ _
agnigpra tnﬂ ﬂalue qu:a] ts thu label RECD, buﬁe&quéat rete:éﬂcaﬁ -tb

‘£his . label weuld gien yield -a . valoe of absolu 13&{&]_. In tmis

aﬂamplﬁ*_lf the Location codnper ﬂﬁlue welE .rdlor #hle,  the Fimal
valoe of - ABCD  would he LDOfE)HE. Whers: B tﬂ@;@#g#ﬁn *he :eln atian

biag of thh p;@qrﬁm ;gebinn, T ﬂalculatad hy th& 1qpt EﬁtL&wr L1 Iiui

':I-H'IE.-

Mo than e lanrl may '  Appear vxthln a Einglﬂn lﬂhﬁi g%:tﬁ. Each
labot s spenified i assidned the- sine Sddcesk Falidé. Fexamgie,
if the curtant legation counter valpe ig IU$tﬂh— thh mﬂltiplﬂ lniweina
in the following starement: .

AELC: £00: AT T B 311

Multiple lahéla may also app&ar an 5JL¢P551?¢ linea. - Par example, the
E‘E.EI_tEII]-EI'! B - .- ' L.

T - .".-

' hEE:

04 o
AT.T: MOV, TR

likewiseé cause the Rame qurtnt intatiuﬂ ﬂnunt¢E valuﬁ to e asiighed

ta all thres aab#ks‘

‘0f the tey ﬁ#thﬂﬁj af d&Elgﬁan nultlg*& lahalu ﬂh@ﬂﬂ aﬁuﬂe.-dthé

dmcord i% P:uﬁr,tgﬂ,_b&fadﬂe copeistency of f&EiE*pﬂstrﬂhEﬂg withln
tha source p:ﬁgfuﬁ improves readahil;ty-

A double’ Goion Li1) gefines -ﬂre Tabel 52 a sra.irtul gy‘:};uh Eu':ih 3
I

abel  'cam. e rﬁf&tennaﬁ ¥y indnpenﬁeﬂtluﬂasﬂtmbii Bt . !Gﬁﬁlﬂi-
Exferenges to.this label .in dther ‘modules will bé. répstved wheti - the .

Cmodules o afe Linked ap 2 ‘compoalkte. executible ;mggn.: Fﬂc Ekﬂmpﬁrr Y

atatarent
KBz MOV . A L s R _
establishes the label 3BCD as g - globai wsysbial. The 'Siacinguishing

Cattsibekel of a glebal ayabel i that it can be gefecegeed from withis

an abjoot mﬂﬂuTe bEney’ khan the meduale in which tha ﬂfﬂhﬁl ia - delined
I R Feut'un 6.9,

rhe legal Lharacbe*E fDE ﬂafihing thrlﬁ dri“

. thsuugn z

# throagh 2

» (Feriodh

% {Dojlarc Bign} - -

By convwention, tho dellar sign (%) aad,pqlidd (-1

are regérved for use in defininpg DIBIFAL syetem
gaftvate eBVRDSlE. Therefore Ehasa characters
ghould ot be used An ﬂEflulﬂg labels in ﬁéfﬁﬂ-il
aau::e prﬂg:ans ) : S




SOURCE PROGHAM FORMAT

"R 13bel may be mny Isndthy bhowsvec, only tha firsc six charactérs are
‘significdant and, therefoie, ‘mosr bé unigue among all the Tabels {n the

source program. ‘ALl labels are ‘teeminatd By a oolan 107, which 12 not
cohdldered part of the label. Tt i5 a mandatory delimiter. &n error
oida {M} i5 generated ir the assexkly tisting “if the -firat ‘6LE

anaracharg bn two vr #ure labels are .fhe Fame (S22 Appandiz D).

4 =zydbzl used ds a - label must not hei_%gdéfiﬁe& within Ehe eourde
program;  EE Ehé -Eymbol iz ‘tedefined; a2 ‘label wikh - a2 sultldle

definition resul%s;, caysing MACRO-I1 o genérate aw errof cocde ()} -En

EHe anzembly listing (%ee Appendixz 7). Farthermore, dny #tatement -in
tho Haurce program which refercences a muelti=defined lakel zIesulta’ 'in
an additignal diagnostic ®message; in this case, an error code (D) Lls

4

‘generated Lo the assenbly Iiating fsod Appendix D). ° 0 47 oo

F.é.4 Gperator Field

Tha oporator fileid specifies the action to bBe  perforoed, Tt  may
fsonsist of an instruaccion mnemonic [op cade, -an assembler directive,
4T 4 magro call.

The aoperaear fleld follews the lakel fleid in & esourcs CathbEmeAE.
Chaptere & aml ¥ deagcribe Ehese thtas tyoes of aperater Field ontriss.

When the operator is an inatructicn Enemonic, the asnemonic op code
gpeclifiea the a#achine Instructien +to be generaked. MACHD-11 Lhen
cgontloyes with Ehe pvaslustion of the addeessiesd of the coperand{s)
which® follow(=s). When the operator is a diréctive, the @lrsctive
causes MACRU—L] to perlform cettaln conkrali  actlans’ -of proceseiag
cperaticens  dyring the seEsenbly of +thé =souege ptooras, When the
operakar L5 p pxcre cull, MATED<11 inngths the «ode ganeridcod by - the
Macro SXPARSIoR. : o B : r

The operator field need nobk be precedad by a label; bul 1t may Ge
preceded Cby | ofe Cor oore labele-and followed-by one orf mdre operands

‘and/for 'a cdmment.  FPurbBhermore, leading and trafiling Epacec or bgbs “lo

the operator “eiéld have ng slanificance; aodh chéracters sorie only
e sepErats the opetator fileld froe the pradedibg’ - adds Follasw g
fielda. TR

2n operator la kermingted by & Spacse, tab, of any non=RAOSH. gharaeter,

48 is the fellowing examples:

WOV A,B- "' $THE SPACE TESMINATES THE OFESATOR

Hg L. i
Mowr LB ) TNE TAR TERMINATES TEE EFERQTQH MCW,

MOVEL , B 7THE # CHARACTER TERMINATES THE
FUPERATEOR MOV. T :

L

Although the statements abova zre 21l eguivalent'-in-" functicn, the
second Bratement is the cpwopmended form because it conforms ko
MACRDI=1% coding convenkicns. e

2‘2'3 uﬂrﬂﬂ.ﬂ- F'i-E.l-d' .o ! _-. i “. i - PR Sres oW 1L
When the operator Field venkaikf an  instruetibn “shefdnié lag codel,

the operand field specifies rhaose program variables that ave b0 be

-4

e .
h%fh?-ﬂ--ﬁ'.ﬁmwfhh_u I L L. LY I T L R L (L R L e — e ——— A e ot .



SOURCE PROCRAM PORMAT

uvq;uabadfﬂqnfpulated by the aperaktwvt. The ﬂpérﬁnd ti&ld alﬁﬂ bz
wshd  to Gupply ' srguments Lo ®ACRO=-1] directives dnd '@acto talla. as
ﬂrst:iﬁuﬁ iw Ehapters Goanc I, IEBPEGtL?El?- A :

-ﬁuhrahﬁﬂ may ha’ E:ptdsﬁApF& ar ¢£mhnliﬂ arguxepts 1?it%1n ‘the ¢ﬂﬂuﬂlr

af the apeclfiag opeLatiim). Huitipiv sEprégaioha; uEEE in; the opegand
field of a MECRO-1T shabement mist be. sepatatad by a comsa; wultipie
syebolic arguments glmiYacly weed may b @elinited by any Tagal
Eeparatnt, ile.; A comdn, Eal, anfior epacel | Al apgkrand dhﬂuln b
precaeded. by ar operstar figid; 4f 1t i nok,. the. statament. is tIEEﬂﬂﬂ
ny MACRO-11 am an mei1clt EORD ﬂlIEEtlTE {sra $aﬂt1¢n b. B-EF]

"Wheo the ﬂEutﬂ:ﬁr.‘iElﬂ Lantaine an ap #gﬂe= as&ﬁ:;i pﬂ uyaraqu i:e

alwaye’ expresginné a% shown “in The Edihwﬂlﬁg &tﬂﬁ* ﬁ_

LAY RO, B+FI{RLY -

©.On *tha ntha: Jhand, . when. the GPEEﬂiﬁt Cfreld eurta4nﬁ.fa MACRO=11
‘@irezkive A Macco cally asgotlaged n?m:aﬁﬂﬁ &re nﬂ:mﬂlly ﬂymhqlla

Erqamenﬁs, aa shapn in: tne follawity atd%enﬁﬂii

.thﬁﬂ hLPﬂh- aREl,ERPE

-;ﬂarer ko ke ueaczlptinn of 5anh HR’ D ﬁl ilrngkivﬂ bﬁ ﬁ&t&rm&nﬁ tnc
_tgpq hnd nh;hgr n' npt:¢nd3 rEﬁJiFEd Ln iEEﬁlﬂqrtﬁé diffctiuu, ’

The &perann fleld is terminated Ly & JEMLL$§QG whgn the fislé  is
falltowed by & coweent. For example, in the fa 1nwlag Ebﬁtaﬁﬂ”tl

LagEL: KOV - 4B 'LUHHLHT FIELD

the tab berween MOV and A tarmipates the oparator. fleld and  defdnes
the begqlanine of the operand fisld; a cdssa Jﬂpﬂfﬂtﬁﬂ the aperanhde A

and Bi gnd a zemicoloen tarpinates the uneranﬂ fzalﬁ snd  defires  Ehe

beginning of  the comment fleld. Wher pa coosent’ £ield follows, ithe
geecand field is togwinated by the ewd ot .che anutce l;ne

.E.E‘d Comment Fleld

The comxent fleld vormally begine in ecolumn 332 and Eiténdé through the
end of the line: Thiz flald id potlonal Land. may contain any ABCLE
characteréd . except null,. . . RUBDUT, casfiage =t bR, iiﬂﬂ*iﬁﬁﬁ:

varkical—tab ar Form—faed. 811 other ;huractﬁrﬁ tpmﬂarlnq in Efim

congent Fleld, sven apecial charactera resarcved For bse. in MACRO=11,

are cheskad aniy For &SCII lagalirvy and thE;-idthﬂ?ﬂ'in the ﬂhﬁﬂmblj

listing &5 Lhey appear in the soUrce Lext.’

A1l comgent fields supt begls with the asmicolcon character (1). @ #When |

lengrhy comments esbend beyond the end of kthe eciorce line (eolumn GO},
the comment mEy be resazed in a follewing  lins. . Sgoh & line. msgt

contain d leadisg semicolon, and it is Bugyested that the body of khe.

comment be continued in  the same  colamnar  poalvier - in which the

comment  began. L copment Lide can-ales 5 1n¢1udhd BE am EntitEI"

saparate line wilthin the coda body.

Cotments do not affect assembly processing of  pLORTEW aEncitt Lon,
Howavey, -coamenks are owsefel in sourse listings for later unulvﬁi&,
dabugging, oF docuggnbaiion purposes.

T b
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‘2.3 FORMAT JOWTROL

' Thus, the apace and tab charscters can be used _ .
And reddable solirpe program, as reflected By the Ialldﬁihg‘ﬂtqtémqﬁtqz

"LABEL MO (SP) 4, TAG)BOBR VALUE OFF STACK,

Horizontal formatting of the Boures pregvas is controlled by Bhe space
and tabp  ¢harwcterd.  These characters have no sffect on the asegnply
procegs yniegs t tre esbedded within a symbol, | humber, ap ASCII

EExt atiing, ov uhleBs they are used as the Egztaibr'jiéiﬂ'Lé::iﬁh;af.
tp provide " an arderly

-

No espaces ar bebs have boon 0sed o separate  the flelde f(n  tiis

“stat@meht. - Wolke Tthe  difficulfy In igtugh}flﬁg whera ong riéld_EEda

and the nezt begilhs.” -
LAHEL: MO {GE) + ,TAS :POB VALUS OFF STACK.

'iniaf'dtntnmhny conforma  to the -srgodard horifontal - ferambting

ranventions, i.e., Lbe statement elsmehts are soparated into folr
disrinct flelds nd are thersfufe exsily discernibie. '

Page formatilng and asszxbly listing considsrationa ire difsussed - in
chapter & in the context of BAURO-11 digectives that mzy be specified
to apcomoliph desived formateing apseatisns, Appéndix B doasoribes vhe
coding cohvention®E nsed ih all DIGITAL PRP-11 Dpardting  &vstemn
software. ) . .

B oo oo e o e e e e e
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CTHAPER&® 3

BYMBULY AND EXPRESSIONG

"his chapte: describes the compenents of PAOKC-11  ipateuctioma.. - The .
éh&ra;tg: F=1-% 2 th¢ copyenticns ochéarved 14 rﬂnsh:u:tjng Bvgbola, Hn8
Ebhe gge 3F ufmboes, 9 !.':I:N'-IZ!J."J-r ke ing 2 enpwwmn: T diﬁ-ﬂhﬂﬂﬂﬁ as
they reléka Lo HREED- prﬁgr&mMLﬂg

3. l CHHEEETEE SBT
The tﬁlI-::mn-;, Mnrc.r'-ers aze logel in AM.EEI-H ‘.-.--:.uhi'v.:e -rr-.u;nms
i- _Tha let 1'&:1.- A Erpopghoi.  Wokh ug;gﬂ::‘- :nd Juwn:-cusﬂ latters
‘are  avcepbable, althdugh, upon- in#nt. lowat-case lefters are
convested to upper+cade’ [sed EECI a3 E,E, .EHHBL oy,
. lhe dlq:ta ] thrnugh 3.

'=_3..:Thé.éﬁﬁ:actéii' - iperied) and % idul;ar sign}. . These

characters .Are - .reagrved for- use as Jigita Equipmanl.

Corporarion’ systes progfam aymools.

£, The spoeisl cheradters ilsted ig Table 3-1.

Tablie 3-1 '
Specixl Chatacters Uaed. 1“ HP-E'RB-1J.

B )

Character . pesignation T rupction
e e g e -\.----'E-\. ECTIE TR e '.-: L VL - i e el T T — —
: ; Zelan Label rerminlag.
! e Lo : ST ' '
P Doukle colen Lebel 'tevminaber; defines the
i . : ’ labs=l as a glnﬁal lacel.
|
- i Equsl.sign . Ditsdst asdignasot URRrATor:
15, . ana 1aﬂra Heywa:d indicator.
= . Deuble ggual ﬂirac—.t a«;alumnt apeerr ator
' wAgh : datings *hr E?tbﬂl as a glcbal
sy=orl.
% Potocant Slan RBzaister term indicataor.
Tah ] Item or fi#ld terminator.
) i Space : ) } Lt&m or fisid Lbriinatﬂr.

fﬂ&ﬁtirued o hest oage

I
r
L
i
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SYMBOLE AND EXPRESSTOME

Table -1 iCenk.) s
SGpecial Characters Used in MACRO-11] Lo
[__ S e
| Chayacter Desiqratinn Fungkich
S S I .-
! B Hazber =ign Immadiate expres=ion i p
[ i indizator.
]
[ !
| & At sigr | Deferred zddreseing indicacer.
I [ LefEb patenthesis Tnitial cegistar indicator. E
| .
e Highi parentheais Termlnal raglataer Indleatasz.
H . r,ot ot . i . . . B -
. ; Periad i Carrent lecation cowheoer ;
r Commna . bperand Fiéld separakor! .
H : Semioalion ©oComment fleld Lndicakar. ' 1
= : Left argle  Tmitial argument or eXpressiohn |
orackat I indicetce.
. i .
3 Right angl= | Tearmiznl argument OF edp sy
: Coraches “alon dndicebor.
T Plog sign "Rrithmetic additidn operakor
ar aubaincrement indicakor.
i . ; : " PR
- ' Mimea sien Aﬁjth5ﬁtiﬂﬁﬁptﬂFﬂFtiﬁﬂ opara= LI
: i tor ot adkadbzcement indicza- -
': -'h-r;.:;r_ P
! = Asteriak &rltbmetic mu;hipchat CL
| | T erator. - -
|, I . .
by | slash beithmetic Sivision operator.
]
- Aiperaand ! kogieal AWD cperator.
i - . H - . . . - S e m -
H Saclamas=lon point Lagical lmcloslve OR aperatac. '
¥ bouble guoce : Double ASCIL chapacter - dndlag-
! i Loy o
B :
Pt ! Fingla gquote | Zingle ASCII characcer indica-
| H Co | tocs - or concatenatidn
P B imdicakar. 4
i, - . s
f | U arcdw or Griversal uvpary operator or
| [ circumflex argument indicator.
Ay ”h -gaackalaah KacEs “eall nureric argument’ -
- - j : ' indicatar.
J.i.1 ﬂeparatlng and ueliMLting Cha:act#:s :
Legal separating Ph&tdutﬁr* and lagal argunent deld mltﬂfﬂ pre  defined i
below in T#hlﬂi 32 And 3~3 respact lvaly. ' -
=2
st - e e e . o R S
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‘Table 32 -

Leuwl Beparating Chatactass

T

Pefinicion

COAE DE BOTE EP‘EI.EE-E

© OQMEE

P —

Uaage

&nd for tabs -

0 -t -
B e i R

Tahi& 3-3

Legal Argumant DHJ{WIEEES

Character f:

S —

e e e e B e L R

e sgaei i g Tegal. nhpar+tnr

batwagn . Lnatﬂmqtfﬁﬂ (tﬁlda and
batiesn  Bvmbolic - *q&ﬁ&ntﬁ

hEhEn ek s dpﬂﬂand Flurd
lEp&uts uiﬁhim.axp£EEa#b15 ntq

ignuréﬂ [aﬁr.ﬁa¢*tan B

A uuuwa ia a - LEq&l ﬂapargta*
Soteean | _?mbﬂllh acgumersts
within - the - uperand Field.

-Hp]Lipla eipfeazions used in

ki ﬂpﬁ;and Fieid muast e
pepacaTed By a Coardme.. :

STTEY BETICE S T S Ty PR LS

o B L et TR e o ]

Lo eme

e
LS

Eefinition

uaat

B T,

i e o g

T

Paiced angle hrackebts

dfp=arcow [(Unery aper-
akoEr ) eoagkeaction,
‘where- the up=airow’ is
"Fallowed by at argus
ment that is bracketed

* by ahy pelied printing

charaLtﬂrE fxi

;

g

| This 'cnnﬁiﬁucﬁiﬁn'_is eqeiva~

R L

Pulgaq angle bragkats may - b
us&d" Adviiure Eha nruqaam Lo
enclgge i an v BHFI&ﬁa.ﬁu " for
treathahttlag “gindic berm.

'Pqitg&~qug}¥ ﬂfactetﬂ are .also

gmad - hot Cenlipae - & maoro
GEQuUTERT pafyscul_tly S when
that Cabtguiekrt contalins. separ=
aftbng *ha{&ﬁLEtE {3gp HBection
T.3h

Yent in-Fungtitn- Lo Lie paived
angle bracketrs described ‘mhatde
and Is = gengrally uws=d  anly
whirte the argquient iceelf ocan-=
tains amile braskeks. .

3.1.2 Illagal Characters

A CharzcLer iIE derernaned ko oe illegal fﬂr nne ﬂf L= f#lﬂﬂna‘

1.

. B ¢naracte: is not a6

element

ot hhe rﬂcﬁgniruﬁ MACRO-L1

‘characrer soh. & vhakscier of thiz klad i< deplaced ig tha

© 1iErdpg
: Lhve
“Ehiw fa

‘egan of the currant 1inai-

by a goestien nark, =nd’ 4n° 2rEor oude LY i pricdted
azaembly’ llﬂtihg [ B Append1n-ﬂ§v Phe exdeption bo
ar ebedded  nall’ whteh.rwhEn'ﬁ#thnteﬂ, teeminates  the

— i

.... LN E R T
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SYMBOLS AND. EXPRESSIONS.

2. A lagal MaCKDO-1i characier i3 itlegal In the goantiexkt of  its
ueage within the soures &Eatement, - i.e., its eyotax is
fllegal or guestionable. Such a character causes &n ericr
dade (0% to ko orinted in the agaembly liating. :

3.1.3 Tnary and Bipsry Overators

Legal MACRG-11 unary oporatars ace dcﬂccin¢#:'iﬁ Tanlo 3-4. Toary

aparabard o are . waad . En o conneckinn with naiz terms farguments o
operandal to indicate an aocion o be perfcrm&d o khat  teram  during
asnemhlv., - A rtarm preceded by a unary operator ie conslderved ka
csontain that oparatofé. The tercd o Specifigsd Lhies bBegomes a  walus
w1irh Wit DM u*cd alune oo 4% an element of an expreasion.

. Tanle 3-g
- Legal Unacy Dparataors

- e e - -
Dhafy = | : !
Operatar FreplonsTion 1 Example BELeck |
| | S U 5
+ | Flia aign E A ) Frodoves the pusitive |

| i value of A.
~ Minus:sign |o-a Prodoce:s tho  pegacive |
i (Z2'% complomwnt} walud of |
| oo o j i
_ . : . : i
o & | vp=arrow, lzniver— | o4 ‘Produces khe 1's comdle=
‘EBRL . unary ppegaltor. ! nget valuwe of 2474d). :
o | brhie wlBage Ey . t
o, | described in datail ! 0312V fntercreks 197 as a "
3 in Bectlod 6.4, decimal nusher. N

. B

Bt ¥ i

e e — e e e 2t ) 8 o e ok

034 . loterzrets 14 a= an nctal
numhern.

“plioadial

binary nambet.

-4 Tavm..

Unaey aperatord cen Se wsed adjacent to each other or in constructions
involving switipla terma, as enown below: - .
e D&d clBguivalent o =L7DE0RX)

“0talE  (Bguivalent to TCetolldn)

begal MECES-11 ninary. Gpetatoss  ace. . LFﬂLtlhﬂJ in Tubfa_ =4 In
cogpkgast b0 ppary  Operavers. binacy UEiritHEq bpeczfr aqtln1ﬂ te ha
prrEoemad oo mnltiula~;tg$a or Lerme within..an- g;p:essinn. Tabla 3I=5
ghows: o the . relationsnipa. ‘fhak . can, be. enkablianed hetween  orpreaelon

cerms thruuqh the nae af hilnary operstors. .-

lntargthts P3090131 as a

“wast ., Evaluakes ASC In Redix-50

e —— N 5 e L R L R A e e e

[
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EYN2OLE AND EXPEESNTCONS

Table 3—=3
Leqgal Rinmpcy Opobatocy
. I i
Binaty 3 i
Opercateor Expianiaticon i Exampia
e _.T_ - :-: - j . .
+ EOddition i : 5+
- ! Suptraction i ’ [
i . C | .
# * Muleciplication 1 A*R {iG-bitf product Fetuerthed)
Fi - flivision . . i OASE {la-blt guokienk returned)
| .
{
& Lagical ARD | AsR
|
! ; Logical fecludglwe O AlBR
A : T
Eli bLitnaby aprtakcers hawe agual pricrity. Temmy o  Lefds  cen be

gesuped for evalaation withln an expreselon by enclosing -them within
angle brackets. Terss so encloged aye eveluated [irsk, and remaining
operationzs " ace pecfarmed Epom Left ko righk, 22 shown in the exanples
Below:

LHOED P+E*3 ’ FEOURLS C114B).
- WORD FE AL : "FEQUALS T{B).

J.& HMACRO=-11 GYNBDOLE

Thioa tyvpad of gymbala may be defined for use within WACRO~1l  sourccs
programsr  pecmanest eysbola, uger—deflned symisls, and sacro symbaols.
MABROFRO=1) malptadirs theee typee of aymbol fableeg: the Permanent Symbagl
Table (PST), the Uzcrc Symbal Table (03T}, and the Macro dymbal Table
(Ms'E) . “The PAET contzine all the permanent spansls delined within fand
thne autcmatically coczgnized ly)] ‘MACRC~-11 and is park of che MACRO-11
image. The UST and ®ST are constructed a9 thye  gouiee  program i3
asfonblad. ' :

3.2.1 Permanect Symbola

Permanent aymbols consist of the instruebion mremonlcs  (zee Appendix
‘Th o oand KaCHI-1l "directives (s4& Chapters & spd T and Appendlx B).
Thege symbale sre a.-pormaent pa‘t of the MACHO=Li imago amd need wot
e defined before baing uded in che opersktor fleld of a MBCRO-1L
aoUIce abatement [ses Bection 2-2.2),

3.%2.2 Ueer~pkefined and Macioc Symbala

Deer—deflned aymirola are these eyvmbols tdeatad by the oriograamer  as
labelg (ser Section 2.2.1) or that ace pouated o & specific walue
thraugh « direct ggsigneent statement isee Sectior J.3) a9  esppear  aa
maeEd  pakes of dusmy argumehie. " These symbols are oddsd to khe Uasr
Eymbal Taklic af they are fncountered during assembly. Aacro  symbals
are those symbols LEed A% aacto named [(gee Sectlen V.X).  Gimilacly,
these syrbola are added to  the Hecro Sysmbel Table as  they are
encounkered during assembhly.

3=3



SYHEQLE -AND EXPREEGLIOND

Veer—defined and magra  &yabeols can be composed of  alphacuworic
characters, dollacr zigna 450,  and periods (L) only; any ather
character 1z i3legsl.

HOTE

The Gollar gign (%) ard peciad §.) chosacters are
ceihnryed  Coar o use in definipg Ddgital Eqoipment
Corporaticn aysten aclbware symbols. For oxample,
REALYG Ll & Elle=processing systsm macro.  The wasr
t% couticoned mot to enploy these cnateckers  n
eansbructing user=defiined aymbols or Tacro gvmbols
in order Lo avold possible confliczts with exizting
ot Eukure Digitsal  Egqoipment Corporation eystem
S0l beAra &YMOA 5.

The Foliswicg rules goverr the coreatlon of ueecr-defined  and  Hacro
symoals:

1. Thy firat chacacter of & aymkol must not ke 2 pamber  (aXoept
in the case of local symoolar sae Bactlon 3.5,

2. The firak six chmractsrs 2f & syvilbol must be unigue.

3.4 svEbol can be written with povs than sl¢ legal characters,

gt khe geverth gnd zubsequent charactera are checked omly
* ASCTI legaiity and are not atherwisze avalustsd oy
coanized hy KACRD-11,

4. GHparesg, bahg, #nd illagal enacssserns mast ook Be  embedded
withlw @ 2ymhel, The legal MACRG-11 character set 1= defined
in Secitico 3.1,

Tha yalum wE a symbol depends upon lte wzae 1o ke  Stogras. When a
aysbel  appears  in the operator Lield, it may be gay ope of the three
e¥zkol types described abowve log., pegmanant; user~defined, macros To
deteralne the wvalus of an operator=field aymbol, HACRO-11 sestabiss Ehe
symool bablas in the fzllowing order: ..

1. FKacre Syrbol Table
£ Parratant Syasbol Table
. User-Defined Syabol Table

Trts search order allowz redefinikion of Perranen: Syahgl Tabklas
enttigs ax Aacro symbols. That ie, permzeent Syiacle cay be used as
maccd symbale. Byt the vger muat %esp io mind the segeence  in whicgh
the gear¢h (ol symbols 18 pecfarmed in order to avoid incorrect
intetmretation of the symhcl's uze,

when o syrool appears o the aperand field, the Oser=pdefined GHyaocl
Table lz pearchaed €irst, then the Parmanent Symool Table ie sszarched.

Teponding on their cee in the sasouese pEGQERan,; JusScr=~icTfined symbnls
have weither & loocal finkeenal)  attelbute or = global (exkermall
attribute. . .

Mormaliy, MACFO-11 treats 211 user=defimed svmbols as local, kpa: 1=,
their definition is limjiked o the medule in-which khey appear.
.However, syzbole ¢atr Le  explicitly deoclared to ke global  svebols
through crpe of btheee methods: .

o L N LR e L L L mm e e o



S¥YMBEOLA AND EXPHESETIONS

1, Usp af the GLOBL diraective {sea Section b.9}.

2. Use af the double ooleon (i3} in defining a lsbel {see Section
Z.8.17. .

3. Jse aof tre dodble gguabl [(==) slen in a direct assignsent
etaktenznt {gee Section J.3). -

Bll symhois within a wodule Ethet  temain  chdefined at the end of
agsembly are treatbed as Jdefault global referesnces.

HOTE

Undefined aviebols at btha ond of assceily sce
zsgpigeed a3 walue of U and placed inteo  khe
waer=detined symbol .tzble as undefined defaulk
Jithal referencos. IXf the ISABL GBL directive iz
in effect; however, ([ses . Sectian h.%, the
agzometic gicbal reference  defanit - funetion of
AARCRO-L1 L inhibited, causing ke | stakement
conbaining the wrddelined ayxbol Lo be [hagged with
an ecesr code (F)} in the assembly  llzfieg  [=2ees
Appandiy B,

Glabal symbels provide linkages betwesn indapendontly=aszsesuled abject
modules wikhin the task image. A glohal svebhei defiacd as & label,
For @xanple, sy =erve &3 an entry=point address to another seotion of
eudy - wikhin che igsge. Suck symbols.are refarenced from other source
pogules in ardor B¢ trapafer  copefoel . chroughoot execution. Thessa
global s=ymbols are resolwved at link time, #nsuelng chat bhe resultlay
immge 1% n lagically goboresd: and -compleke Dody -of code.

3.3 DIRESY ARSIGHMBRT BTATEMENTS
B dirget assignment . shatemost allows yoa | ko eguate. & avmbol to a
apocific  value, When a direct gasignmere atatement is first wsed o
define a Symbol, chak gymbol i eptefred ineo the Uger-Defined Symoel
Takhl=. B osvpbwl cetfioed e thls manner may be credefined in =
subseguenc dicgub assignment etakewmenk by saslgeing 2z new value to the
providusly=defineg Himbol. :
Mhe general Format for 2 direct assignment Stabefiant i
svmbal=eApEression

oI
gyabhol==mxpreasion

whbre: prarngEnior - gan hgve ARy nﬁe.ieuei of. forward efarsnoce
. : Sfape G, pelowl.

~ papegr contaln en updefined glotal reference.

A direct aamaignment ztatemen:t smbodving the doublde agual [==) alga, as
showh abiove, dellinsa Lhe symboel a5 glooal (see Section 6.9).
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SIMBOLS ANR EXPHESSIONS

The following examples illustrate the 2eding of direct: assignment
Statoments:

Aml fTHE EYMBOL A T35 EOUATED ') IAH
PVALIE 1,

B=N=15MASE LU FEHE SEMBOL B IS EQLRATELD TO THE
FYALDOE OF THAE EHTIRE EXZaEISSTON
rWHTCH FRALLGHS.

C:
p=. pTHE S¥HROL D IS EQUATED TG ., aND
E: Moy #l,ABLE TTNE LABELS ¢ AMND B LREPE ASS[GHED A&

PVALUE TH&T 153 EQUAL T THE LOCATION
+F THE MOV INSTRUOTTOM,

% ahave if provided eonly to illuastrate
n such situations. Hep Secrion 3.4 Lor a
as the gurreirt logation cosakker aymbal.

The lagr of Ehe kEhrefs exsampleo:
the pectformance of MACRG=11 3
desgriabion of the perimd {.]
Ine following conventlons sapply o the coding of dicest assignment
skatamnnbg;

1. an egual aige {=) or doobls sgual sign (=2} mast seoaprate the
gynbol  EFram  the eXpressica dofining the symbol's walue.
Speces preveding andfer following the direct assignasnt
apectaters,  althooagh permiasiols, have oo elgulllcence ix the
rasualting valua,

2. 'The symiaoel Selag asaigned in & direct assignmert statamant is
placed In the laoel rield.

3. Only pne symoel can pe defined in a singla direct  sszsighment
sratemant.

4. A direct zssignment statewgnt mavy be folluwed ooly by a
comment filald.

5, Oniy pne level of forward refetencing iz allowed, as showt Ln
the fallowing exanplers

=% {Fllegal Eorward refarencs]
Yy tLegal forward refersance)
T=1

Toe above example wounld re=zalk ism the genecagtion of an srtor oude (D)
in the asgembly lisking o Ehe Lipe gongsaining the illegal Fforward
refgrence.,

.hlth-:.‘-ugh cie  iewvel of Fotward |;'|:F.|;,=..',‘|:r|q:'i,r|'|_.'| i5s  allawsd for local
gyehaole, a global symbol defiped in 2 direct assignment ztatement must
ok contaln a  Esrward  veference, i.e., the glatal gaaignmenk
wROFEGSLgn  @yst et icself cemtalin an undefined refersnee bo andsher
gydirgl. Suel a forward reference iz illenal, ecavsing an erroe ccde
(b s be cenerated in the assembly lisving.
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EYMBOLE AND EBXPRELBIONS

1.4 REGISTER STHBOLS

The eight general registers of the POP-1l  processor are numbeced 0
thraugh 7 and eas be exprossoed in the soyteoe program in the following
mAINer : ' '

a0
¥l

i

where & ipdicatez a refetence Lo a regleter rekhues khan & Jocation.
The: dilglt specifying the register can be replaced by any legal,
abzolote term that can be evaluated during the flrer asgeohly paoss.
Use =tandard aymaolic aames for all reglster references.

The reglotver definicions listed below are abtomatically aesigned by
HACRO=1Ll, i.e., these dJdefinitions are the normal default walues and
remain valid For all reglsser tefermaces Within Eho sdurce @Oogran.

Ri=%U G REGTSTER 0 DESINEELION.
Rl=%> ' : rREGISTER ¥ DEFINITION.
E2=%2 : sEEGISTER 2 DEFIRLTION.
Ri=i3 ;REGISTER 3 DEFINITION.
R4=14 sREGISTER 4 DEFINTTION,
E5=%5 REGIATER & BEFINITEON.
SPagf :EFACK POINTER CEFINITION.
PC=%T t PROGEAS -COHNTER DEFTRTTTON,

Hete that registers © and 7 ate given speclal names becsoge ol Bun
unisue sygtem Tunciiona. ’ )

A reglater aymbok may te defioned *p a divest Idssigezent statement
appearifg in  Ehe  progrsm. The dofining expression of & reqiaver

‘symbol muzk be s legel, adsolyte wdlum, Althoush vou can reassign the

standard rcoagister symbols throwgh the use of the DSARL EEG directive
iee Begtiogn &,E&), thia practice is not recosmendsd. an  aEktempk  to
vedefFine a default register svmboi without ‘Eirse apecilying the . OSABL
EEG difective bto override the pormal register defilnltions camses that
amsignmant statement to ke " Llagged with ar error code (B in the
assemzly listing. The =ymbclic default namer assbgngd  to +he
reglaters, a2 listed akave, arfe the conventional nasmes used in all
DIGITAL=supplied PRP-11 svacem programa. ¥or chls reasoh, vou  acs
well advised to foilow these conventlons.

Rli ana—ctandard fodiseer syebols must be d=fined before  they  are
referengpd in the source program. . & r=qisztec expreealon less hhan 0
or Jgreater than 7 is flagged with an error coge (R] En fhe  assembly
ligting. :

The % eraracter may be used wicth any  legal term ar  expression  +to
sgecify a register. I'or exXample, the atacemsne

CL $31+1
igs equivzlent in Functildn to che statement
CLE ’ =y

aud ¢loars the contents af register 4.

-9
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SYMBUOLS ARD EXPRESSIGNS

In contvast, the statocment
- 4q

clears the contonbs of victual memocy location 4.

3.% LOCAL SYMOOLS

Liepal aymbols sce specially toesatred eymbols vasd ag labeis within a
aloce of  poding Lthat has  been delislized pe 2 Lacel dymbal hlask.
Lagal symbais éce of the Form n$, waore o la g decisal integer From 1
Lo 855353, inclasiwve. Ezxoamgplas: of lazal syoonla aze:

4 local symnhol Lleck is Gelimitsd in one oF bngeor IREA

1. 7Tke rangs of a leocal zymhol bleck asuslly consists of  Lhoge
skatements petween bwae wormallvy-—conskrucked synbolic lesbele
(see ¥igure 3-1)1. Mots Lthat a glatemsnk of the formi

AL PHA=eADIEER G

1z a élrect asslgnmart elakswmenk Jaee Sectiaon 3.3), Dot GER
ot cEmate a Tabal and thus Jacdg oot dgliest tho rangs ol a
local syebol bloey,

2. The raznge 2f a local zymbol block is normzliv terminated apen
encountering a  JEHECY,  LOBEDY, or JABHCY direccive in the
spuroe prostan fses Tigure 3-l) .,

3, 'Tme range of a acsl svabel Binck in delimited  through
MECRO=-11 directiwves, a5 Efollows: :

Starkling cdelimibar: EHASL LBZE  (2ee Seckicn 6.3)
Hnding delimiter: LERABT, T.5H
oT
HOSARL  LeR [Fse St ian B.2)
followad oy one of: Symbelic lakel

FSECT (ge= Seclion G.8.1)
JOBEDT fEee Regrtlion 6.4, E)
AHEDT (aee Heckionr 6.0, E)

Leirzied, symbaad i y:L‘i-.l'i.ﬁn:.- a4 canvenssont  Jmeais oL gercrakiag Jallla [
Bramoen  dipstrections  aof ether sush refatenoas wikbhin o leeal symbal
Biaok. lzing loecal ayebkels reduces the passibility of  symboels  with
puttiple definiticns aprearing withio 4 vzer pregram.  In addition,
thz usz of local symbols differentiates entry=point Iabkels from  logal
labels, =zipnce lacsl ayrbols sanmoc be referenced Crom oubrside thelr
cespective koosl eymbol bBlock, Thus, lacal aymbuls of the &same nams
can  eppesad- in otter  local aymboel  olocks wizthout conilict.  Local
aymbola do nol. appesr 1n croas-reletsnce Lisztings.

3-10
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SYMBOLL AND EXPRESDIONG

Local symbols regaiye. lags syabol cable space  than obher - types of
symhola..  Their use is recopmended. When defining lecal zymbale, uBe
the.cenge frowm 1% to &3 fice:, tnen the range from 14635 o 653355,
Local aymbola within bthe  range 64§ thoough 1237%, dnclusive;, can be
genafated aubogabically a5 a foatero of MACRO-11, weh local  syebols
are gzeful in  the oxpendien of @macrog Auring  asgembly  and ars
degeribed in dAatail dn thiz contekt wn Seckion V.3.%C

Be zmure bEo atoid mueltiple definitiens of local svebols within the same
logal symbel block. For example, Lf the I-ocal symbol 183 is defined
Ewo af more bLimee withln the zage lozal: gymbol bBlock, oBch  syEho]
repragents a Jdifferent address wvalde. Sdich a multi-defined symbol
csuseE an ereor code (P) bto e genetated in the aesembly listinyg.

Fur examples of local syeibcls and local sSysbol bilack:z as  Lhey appear
im a source program, Bee Figure 3=1.

L2l r

Led d *RLRI&E [w!TPlapLiZavliw COGE

121 k. .

Lzd

Lo 2ESARN LHEELT ELT®AL .LBL

Lad Arpdad RL27E7  dfatEe! ltrvH¢|:r.v BIMEURE P FITBLHE GiTé InITI&L]JS4TIC
127 pepdpd  PRGETE : L [P iEfLe

13H mrdvak  AFFAE APsREPRT =P LR L IE R ]

[2E E2AQLE . |®{3Ta * Hwl 4

han - .

L%l FAFARP LFEIET  XETEAD up.

X2 wadhen HI13TRRF  d3pamel aivphkrquny ayEepy phasE [NTTriL2Lafiox
E3) wddpec  [ATHIS ifa ZLR [ B .
L4 pARADN  E2SiER PEPadel E=p mIvERT, e

L2% SHdhid L&l dre L 1%

s

LA SARTEA LFE=nY  AITLIh.GEL
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Figure 3-1 Apsenbly Llsting Showlag Eocad Symbal Block )

1.6 CURBEHYT LOCATION COUMTER

The period ([.) is the uymbol for the currept locgticn comm-ar.- When
uged in tha opseand Fileld of an instroction, it representz che. addreas
of the first word of the instrucrion, ase.showa In  the Flrst eswanple
balow. When w2ed in . che cporasd: field of o MACRO=11 direetive, it
repragents the addrase of. the cutrent Iyta ar ‘wod, &z shown  in the
gecofid ayanpilse bhelow. .

B Aoy - . .88 iTHE PERLOD j.} BEFERS T3 THE RDDREES
. . ;0P THE MOV INSTRUCTION,

(The functisn of che # aymhol is Eiplaineﬁ lﬂ.3E2£iﬂﬂ.5.9~]

Bab=lp
« WORD- 177235%, . +4 SRL.  1THE OPERAKD. . +4 I THE .WOELD -
rOIRECTIVE FERPRESENTS 4 VALUE
sTHAT TS5 STORER 85 THE SECOND
OF THEEE WORDS BUBLNG
JRRHEMSLY.

Agzume that che current wvalue .of the locaiion counbker g S00. DuE ing
asgenbly, MACRI-11 ragerwves atorage in responss to the _WORD dlrechivs
(aee Sezedonm ©.302), Deglsning with location S04, Tha operands
acgogmpanying che WUOED direccive detecming bBhes wvaigns so stored,. The

Bl



EYMBOLE ARD RIPRESSIONEG

welee 173753% la thue etored In Locakdien G500, The valoe vrepreddgnbed by
+44 iz stored ia Iocation SU2;  this value is derived as the curtcent
value of the location counter {whish iz now S02), plus the absolote
value 4, sheceby degoalking Ebhe wvalue 306 Iln Zocation 502, Flonally,
the value of ShL, peevinusly eguated o U, i% Jdeposited in Zocakbion
SUE. ’ )

Figure 31-2 filustrates the regult cf the ezample.

LOCZATTOY CORTENTE

E1H 177535
S02 SL6
S04 o

Elgure 3=3 Saxple Azsembly Hesults

At the begipming of each assexmaly gazs, MACRO=il cesots  bhe ocablon
couskker. Aorually, consscutive memoxry locatisns are assigned So apgh
bvte of obiject data genecated. However, tho  walue 3f  She  kocabian
coutikar  ecan be  changed ehirougn s diree: assiqnment statement of the
fullawing fornps

TRApresSsion

Eimllar ko other MBCRO-11 aymools, fhe current location csunksr symia]
[.] hos an attribote of relocataoility asscoclared with it: ic iz
eicher szbkesolute or relocatable, deponding on khe specillic auoch
aktkribuke of the current program esction. (A gragram sectian and 1tz
atbeilbpkae are deflined through the uwvse of che LJBRECT direceive
descrined 1m Secrion 6.8.1.) The exleting attribote {or modes cf the
current locatinn coeantor cannot L chenged oy speciiving a defining
expteaston heving a differenc atcribuka,

Furthereare, such § definlng expresaion mast not  force the locatien
counter  inty  anpdthec  pregram section (GP3ECT area) . even bthough the
progcam secticns s0 iovolved may bath bte s@aclate or relocatable. The
experassion dafising the Taocetlon  gounker value must npot cenkale a
Forward reference, i.e., the expression must not contain a reference
i A aymbol  khat iz gort previowsty Jdefined. Zuch wiplakizns
cogrstitukd 2 gongral assambly errar, reewlting in ap eryorc code (A} in
the aszsembly lizting.

Trmua, Lhe ateriboete for moede}l of cthe ozrrent location assanter bakes on
the abksrlopte af the corrent program  sectian. Therefure., iLks
atcribete €ram program sectian &0 preoaram 2ecvlon can oe changed oeoly
treough the progras sectioning dlrectives  (CPSECT,  .ASECT,  and
LOSEDY, as described in SecEicn 6B.d.

The following codino illugsteates the owse of the Zfurrent locaticn
caunter: :

Pne ez 2 g m gy w mmm mmo ew . o = .



SYMBOLS - AND- EXFRESSTONG

JASECT .
LTEUO . . . $BET LOCATION CQURTER TI
FABSOLUTE 500 (0CEALY . -

FIRST: MLV S e ;' THE LABEL "FIRST" AAS THE VALUE
. P3O0 {OETALY &
;.10 e0ALd SLO0{0CTAL) . THE
FOONTERTS Of THEE TOCATIOR . )
$510 (GCTALY WILL BE LEPOSITED
: : $ I8 THE LOCATION “COLMT.* :

L =00 PTHE ASIEMBLY . LOCATTOR COUNTEIR

PHOW HAS A WBLUS OF
: (JARSOLOTE S20(0CTRL). -
SECOND: ROV . ENDEX - ' THF. LARET, SECOND IAS. THE
’ IVALDE Z2GI0CTALS.
sTHE CONTENTS JF LOCATIGH
p G928 OCTALT , THAT IS, '[HE BINARY
jCUDE POE THE IRSTRUCTION
:ITRELF, WILL 2E DEPDSITED IN THE
PUDCATION TINDEA.®
.BSECT

L= 20 ;BET LOCATLOM COUNTHR 90
TRELCATRALE. 20 O IhE
; INHAKED EROGRAM SECTION. .

TEIHLR:  JWORD g sTdr LaBEL TRLRD HAS THR
PYALUE OF BELCCATAELE 20,

StGrage Sreas may be reservad 1z the progras by @dvancing the  Iocation
caunter. For exanple, if the curcent voles of the locgbion counter is
Todd, gach.of Ehe [oliowing etabements: -

=40
G
LBLEB 40 .
o
LELER 20
regerves 4%(8} bytes of stocage. space Le the pource program. The

.ELEB ond .BLEW directiwas, howerep, are (podmpended as khe preferred
Ways b0 IeServe storage speooe (eed Jection £.5.3).

3.7 MUMBERSE

MACko-11 sssumes that all numbers in the Souree  progras  are ko be
interprated in octal radix, gpnlese otherwize sppéified. Ar excepticon
ko thie  is that operands . asioclated with - Fleating PFoint Processoc
inattuntiane and Floating Poimt Data dbrectives are btreated as decimal
[#ee Sectdan £.4.25. Thiz defawlt cadis .van be altered with the
REDTE directive (=86 Sopkionr b.4.1.lk. Alsd, . individual namhers car
be depignated a5 dAwcimal, Binaty, or octal mumbera. through temporcary
radiz conkrsl operatars (see Seckipa 6.4.1.30.

For ecery statement in.the soucds program bhat containe & digit that
ig -nat  in  the - curcent radix, An Aryel oocde (N 12 generated in the
asconoily Listing. Howewer, WACHD-11 continbes with the scaw of  the
statemgirk  amd evaluatas each sueh  nusber encedihtergd ag a decimal
value.

3-i3



SYMREOLE ARD EXPRESSIONS

Hegative numbers sgat be preceded by 2 minus  signg MAURG~11
trasglataes  suach pumbers into two'"3 comniemest Ears. Positive numbers
may {but need nob) e preceded by & plus sigo.

A onuinber centaining more khan ke slgpificant bits, i.e., aceaksr  than
L¥??i748), iz Eruyncatud From the left and flagged with an ercor code
('TF An che asaspnbhly llsting. .

kumhiet2 dree always consider=a ta ke shealuts walues, oo, they are
rot relotatabie.

Single-word ticating~point numbers =may  be generated with the OF
operator (o9 3cebisn k.5,.2.2) and are ztored Lo the faillowipy Farmat:

LG 14 T ok il
Zign B=hikt T-EBin
Bl: Lxponent Manticza

Eefer to rhe asproprilate PEP=ll Prooezsor Handbook for dztalls of wha
TigaLing—-gaink pumber format.

.4 TERNS

& terz i3 a component of an  cupreaszion and mavy be one cf ehe
faillowing:

I & mumber, a3 defined in Section 3.7, whose 1d-bit walue 1=
waed .

Z, A symhol, as defined in Secklon 3.2, Synbels are  evaluated
as follows:

a. & periec {,! fpecificd in an expression causesg the value
al the purrant location counter to e used.

. B defined symbol i= located in  the User=-Cefined Symbol
Tabla [(UST} and fiE walue % ooed.

.. A perfgznent sviebal's hbasic waloe 8 unsed, with zero
Bubstituted [or the adacessino modgps, fAppendiz © lists
ali op cedea and theie walasma.)

.  An undeficed svebal s asaigned a walae of zero and
inserted in the User~Def{ndd Symbol Table as an undefined
default global feferepze. I[f the (DSBHL GBE  directive
izee Eestion 6.2) is im effeg:, khe avkamakic glogal
teference defanlt fumciloa af MACRO-11l ix  inhibited, in
which case, the statemantrconaladng the oendefined svebal
is flagged with an ervoe gode (F)  kn the assemhly
listiog.

3¢ B glogle guore followed by a simgle &30I character, of a4
Eagbkle  guote followed by bwo ASCII characters. This type of
EXpLesEion canatructklon 1a explained [np decail in Section
Ga3a 3, ' B

=14
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EYMEOLE AWD EXPRESSIONS

4, A term may alse b an expreazian enclosed in angle brackets
{<xl. Eoy expression so epolased i evalpeted add reduced to
u Sttuyle feen befpre the rematnder of the axpression in which
it appears is evaluatew. Aongle bracksia, Lor example, may L
psed ko aiter the- lefr-to-right evdluakion of cxpréssicra las
it CAYRAC wersus A¥CBICR] . or fe applv & unary apskrzkar Lo an
entire vﬂprpaginn 1aB 1n “LhAEFEL

3. b unary operstor fullawed by = gymbul B e .

3,5 EXPRESEIONG '

Expreszions ‘=re ocombiaatiods of .Rerme “joined together by hinary
oparatdra  (see - Table O3~51- end cwhilgk fedece to a 1i-bit edpression
valae. - ThHe evaluarion of ag wexprgcflien inklodes' the deteérminatiaon of
Lt attribores. & resunitant fEpcacsion wsloe may bBe any one of four
bvpes (as deacrlibed later in this  zectiun): abzalits, Telocatable,
external, arf. -complex relocstable. : -

Expreazlonz are avaluated from left te sight «ilth no aperator
Gierarchy cuiss, eXdspt. thab. unary operatons take predeilence over
binary opscators. A borm preceided by a ufacy copecater L5 considersd
te contaia thabt opoefaicr. {Termz gTe cevaluated, whise oddedeac)y,
before their use -in expressions.]’ MHultiple wvnary aperatars ate valid
and ara treated se followa:s :

PR
ig egquiwalentk Lo:

=B

A missing tecn, gipegselon, or external syebel iz inteiprefed as oa

TECO, A m1$a1ng ai  illegal up&ratur -germinates . the Rrxpression
apalysia, cansing an erfon sode [(A) or Q) y-or Both, to Be generated
im - the EA=Esemsiy listing, depetding oh thE ¢ﬁhttut ﬁf thi edbteszalon
it#elf, " For examale, Lhe expresalons

TG 4 LA 1TVIRT ) -
i pvalusateoe] ax
TAG | a8

boceise the Lirst non-blanz character fellowing the #symbol LA i not a
leqal bisacy eportatac, a0 arfpiesdicn Bsparaiol {i«e. & ComEal, oF ao
aperand field tecmingkor (Loeo, & aemlegion or the end of tho  Suadice
lime). It ahould be mobted thiet Spaces uithln eXpregsions-ate ignoved.

The watpe uf an external ¢upruﬁﬂ1ﬂn l=2 egual bo the walse oF  ths
abaolute part of that expresslon. For exzmpls, the eIpression
EXTEIN¥A, whera “EATERHY 15 an  ocxbatnal  2ymbal, #eas 2 walos at
assenbly-time kthat is egual o the walwe of tha lakernal symbol A.
This expregelon, howevar, when evaluatsd mt Link Lime tek=a oa  the
rofGlesd vaiue af the eymbol BRTERN, piuz the value of syabol A

Expresalons, when evaiuated by MACRO-11, ars detarmingd o ke one af
Fegr  TyYpeis angolere, reloczcable, external {er globall]l r oc CoEpiex
splocatahle, Toe following distinctions arc importanit:
i, An expression e asacloeke 1f its walus is  fired. A
enpriEsien whosg  termd  are nunbera amd ASULE conrarsion

"3-15%
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ATHENLD - ARE EAFRESSIOHS

characters Wwill reduce bo an ahsclote walce. B rilacatakie
e¥pressicr  or  kerm awinus & relocatable  tecm, wasTe toth
elements being evalvated belong to bBhe same progeam  zeotlon,
Ere  &LoG. ahgolete, since such an expression iz reduced to o=
glogle torm by MACRU-11 upon  completion of  the expregzion
Sean. For example, zho expressicr Tagi-Tasl, where botke 'radl
and T&3E are defined in che same program  Szotion, i3 an
absolate eEpreszgion.  Torms thot convain labels defFined in an
abeolate Gactinn will have as absolykea valoe.

An exsressiss Is relacatable 1f its value iz Fixed relative
ct  tha 2ase pddress of  Lthe prodgran section in which it
Appescrd, but it will Save an ol Fsct walue added at limk tims.
Tarms that contadn babels gGefined ie reiocatable program
geotions will have a Eelocatable value; slzllacly, & prriod
t-F im a reiocatable grogram section, repreccnting the wvalus
of the current lazation counter, %1ll alse-bave a relocatable
walae.

AR SEplLession iz exzersal {or globhal) if it contatps a singls

3lekbal referance (plug ar miave an absclute expfcssinn vaZued
that iz nob definod within the current program. Thus, an
external axprassion ia cooly pertislly dsfined following

axserbkly and mask he resaivad at link time.

An ¢xpression iz complex relocazable if any of the following
conditiong appllaa:

— It «gnkains a gleobal refelesce and a relocatable. gymbol.
- It wontains more than one glohal peferenge,

= It «<ontaine celocutable terms Geionglng Lo different
Yoyl & segtinns.

= The walue reaulting From the cxpression YWas mate than  coe
lawel af relacaelern. Foro esawple, Lf  the velocatable
symools TAG: and TALDZ associated wikh the sSame program
gzatlan are specified in an exprazsion copstruction in che
farm  THREI+TAGL, twe levela aof reelcabion wonle be
introduoced, since esch ayena]l Qs evaluated in berms al the
telocacian blaa In offact for the program Zection,

= An  operstlon  gther than adédiion 19 wtevified on  zn
undaFingd glabal aymbol,

- AR oprration other than addibigpn, subtraction, negakblon, or
aomplemsntaticn 1z specified for a relocatable valuse,

The gwaiaation of relocakabie, exteocnal, and complex fs=locatable
expressiing if pagpleted abt ilnd =ime.

-1
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CNAPTER A
EELOCATION ANT LIHRING

The odtput of HarR0-11 ie an abject moSele that mesc be procedsaed  Of
linked bofares 1% can DRe loaded and erxscutad.  fHesentially, linking
fixes (i.E.s makes absalute]l khe valdes of external o relocatanle
aymbala in the object module, thus transforming the obiect modoale, oo
spveral such objec: moduize, into an exscutsbls image.

To allow the wvalue of an expression to be Figed ak binkh time, MAIRU-11
outputs  tectaln directives ip  the obiect file, togekher with othag
requited pacansbers. In tRe ¢aze of ralocakacle expreseions in the
object module, the base of the associabad gelovatable program seckion
ig added o the wvalve of the relocakable expression provided by
MACRO—1l. Im khe case of &¥xterpai expreEssion values, the valoa of tho
grternal kerm in the expresszlen {since the =xternal symbol must  be
defined in e of bthe obher object wadoles being linked together] is
determined and then added to the abusaolute porklan af  the external
exprassion, as provided by MACRD=11,

] bnsbegotions that rodolive oodlflegtdon st link blme are flagged in
the aasensiy listing, as illostrated In the erampls balow, The
apostrophe (') following the octal expenszicn of the Lnstruction
indizates that simple feloacatlon ls reguiced;  the letter & indicatas
that the walue of an ewternal symbol mesk be addod Lo the  sbsoluote
portion af an expression; angd the letter L indicates that cosples
relacablon analysis at link time is requicred in order te Tix the values
of the excressiosm.

EXAMEPLE ¢
05065 CLR EXATESE (RE} sTHE wvaldl QF THE S¥MBRL "EXTERN™ IR
OoddsnG FASEEMBLED A8 TESD AWD IS
PRESOLVED AT LIME TIME.
poSges CLRS DNPERHtR (RE) [THE VWALUE OF THE -SYMBSL "EXTERN"
E TS HESQLVED AT LIME TIME
AR ADDED TO TRAE ABSOLLTE
sPORTION (+8) OF THE SAPRESSION.
005365 CLE RELOC{RS) TASSTTMING THAT THT VALDE OF THR
OOuGEEo! PEYMBIL "RELOCY 15 BELOCATABRLE
Fdl, THE RELOCATION BIAS
jWILL BE BOTED Ti) 'TH1S VALUE.
masseYs LR = EXTERH +RELOC 2 {EG) +THIS EXSEESSION 1Y COMPLEX
agaeng iRELOCATASLE BECRUSE [T REQULRES

PTHE HEGRTIOHN OF AR EXNBRESSICK
PVHBT COMTATHE b GLOBAL "ZNTERE"
FREPEHENCE ARD & RELOCATARLE TERM,

For a comprgbte descriptlon of cbhiject records oubpot DY MECRC=-11, Tefer
tn the sppiisesle syglen manvcsl {ges Jeclion 0.2 in the Prefaca).

-1
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CAMFTER 3

ADDRESSINRG MODES

The pragram oeinker (PC} alwaye cantaind the address of the oext  word
ta be febtched, di.e.; the addrgss of the next instraction to be
cegcUbed, af the gecond or £¥ikd wobd of tho Godrmbb-insbbaecian.

In order to underscand haw the address smodes operakse and how  they
s9gemble, the acrion of the progvasm caunter agat be onderptegod. The
Bgy rule to remember i=s:z

“whenevyer the progesgor implicitly uses the grogram coobbec
{PC)  te Fakeh & word. frem memory, the program counter is
avtomakically in&ﬂﬂmthtfﬂ by 2 afker. khe Eetch nperatlun is
complotad. -

In the csse of 2= or 3-wprd inetructions, the processsr uses tha PO Lo
fetch the frllowing wordn &z well.

The follawing gymbols are used in describing addeosuing e s
Ehrogghout thlia chapter: Co ’

1. B is any ewpressinn, ak defined in Chapter 3.
2. R ia & register expressicr, i.e., any espression containing &

tarm  proceded by g pereent sigon {%) or a symbol previously
waquaked t3 2och & term, as ghawh in the examples below:

RUmgily ?GEHER.FLL REGLSTER 0.
RimBl+E jGENEFAL REGISTER 1.

Rawl+BL © JEENERAL REGISTER 2.

The gymbol R may alao reprezert any - of ‘the noreal default
ceylfter dafinitispa (gee zeckidn 3.4F.

i. ER tz2 a‘registar expression or an absalute appfession in  the
tenga ¥ ka T, ingluaive.

§. B i5 4 geporal addregging epecificarion which produces a
fi=bit wode address  Fleid, a8 described in the ETE-LL
Procegeor Handbooks. Phe addérassing specificstion, &, i3
derpribed  in. termsz of B, ®, and ER, as defined above. Eaah
addressing spacificatddn within'this section is ~ illustrated
using eikher the single operand 1nBLrucriun ChE or the doubls
pperand "igstLuct ign. HD?.

5.1 EREGISTER MUDE

The feglater ilsell (K} containz the operand To be mamipelated by Lhe
lngtruction.

LR

=]



ALDRESSING MODES

. Format for &: E
Example:

CLR Ri pCLBAKYS REGISTER 1,

.2 EREGISTER DEPERAED ACDE

The IEgiELEE Bl cantaing tae addogss of the cperand t3 be manigulat&d

by the :petraction.
format for A: IR or JEH)

Srampiest

CLA &ml ;ALL THESE INSTRUCTIONS CLERR

CLE (R} ;THE WiRD AT THE nopRzsd

CLA il] JUDORTATMED LM REGISTER X.

5.3 AIFTDINCREMENT MOLE

%he contents of CLhe fegiscet (ER) avrc - incoeponted  impediately after

being used as the addrese of Ehe vporasnd [spe Note Belowd.

Pormat for A [ER]+

Exramples:
CLE [BGY+ TEMCH THESTRUITIGH CLEARE :
ZLE (B4 + JRHE WOERELR A7 'THE alLRESS
LR TRi1+ rOOMTATHED Ix TdeE SPECLELED

PHESISTER AND INCHEMENTS
THET HAERISTER'S CONTEWTS
FTHY THG,

HOTE

Certaln -apeclal wnekroctinn /oddooss mexde
continabiohs, which are rarely or cever used, do
nak  opgarate exacktly the zame oo ali #oe-11
RLALeEssUrs, an described below.

In the antoipnerement mode, @odk kLhe JMP and  JSR
inatruccisnad antolncrement Exe tegistor befara its
uge cn khe DPF-11/40, buk nak sn o che POP-11/45% @r
11710,

In  dounle g 11 tnstractions having tha
addragaing Sarm En, [(ank+ or Rn,.—(En), where fhe
sopror and descination regiztere arce tihe zame, the
sgurce aperand is evaloabed as bthe autolner sddanted
or  avtadecre=mented waiue, LUk  Ehe dssztigstion
register, ab the time 2t i3 used; s5till]l contains
the ﬂrigln&]ly*hntTnﬂcﬂ afFfeckivo addross., Tn the
fclluwiﬁq eHsaple A% axpcubkad on the l:']“:a'-“—.'l.Ll.-"d-l.'l_I
Beglaecer U oeiginally contaoins LOG(A): :

Pome: s, (a8 B S, S R T il 1™ e T e i s e e e e ARG e oGRS . AR R T £ TR R it h . . m mmm e e



Euampl ez

ADPRESSING HODES

MoV BD, (RU)+ ;THE QUANTITY i02 15 MIVED
;70 LOCATION 100,

oA RO, —=(RE} G THE  QUANTITY 76 I8 MOVED
: IO LOCATION 1440,

The uwse of theae forme sncoula e avaian, _Eince
they are oot compatiole with the entlre family of
POP-1] mpioceaanre.

An errotrt cade (2} 1x printesd in the assemhly
tating with each instructlon which is oot
gompakible among all acsbecs of bhe POP-I11 family.

3.4 aETﬁIiEEEHEHT DEFERRED HODE -

The regisrer [ER) cont&ina a pointer to Ehe address of the operand.
The contents of the register asre incremenbed afbor bedng used &g a
pPaintet.

Format foar As FEER)+

TLE Mipdi+ : TEE COHTENTS OF REGIATRE I BOIAT
:TO THE ADDEESS OF 4 WORD T BE
; CLEARED BEFORE TEE COKTENTS OF THE
; REGISTER ARE FHCREMEWNTED BY W T#.

5.5 RUTSDECREMENT MODE

The combents of the regiscer (BR] ate dagremantod befose being vessd as
the address uf he operaind (ses MNote above in Bection S.1),

Format for o= - {ER}
Examples:
CLE - Ri) 1DECHENENT THE EUHTEHTH.UF THE SPRLI-
. ’ AFIED REGLATER [ﬂ; 3. OE 2} BY Two
CLR = dR3) s BEFORE TBING FTS COWTEHNTS .
CLE —{RZ) B3 THE ADDEEZSS -OF -THE WORD TO RE
TCLEARED .

5.% AOPCDECHEMENT DEFEHRED MODE

The contepkcs oF the register (EBH) are decremented before kelag used as
a poloker o the address of che-opécand.

Format for &: - @-[ER]

Brample:

LR A-(H£] : .fLECREMENT THE CONTERTS OF
;RESIBYER 2 BY TWd BEFOHE
;USINME 1TE ZONTEWTS A5 A POLETER
MO THE ADDREEE OF THE WORD TO EE
s CLERRER,

5~3



APDRESSING - MODRES

5.7 INDEX MODE

The walue of an exprasgion {E] 12 stered as kthe second or third word
of Ghe instrucLlon. The effective addeesz of the operand is
waleulated as bthe wvalue wf B, plus tne concents of regisler ER, Tha
value E ie khe affser of the instrucktisn, and the contenks of register
ER farm khe kase.

Eorxat for R .EiER]
tuamplag:
cLi ati(R1) ;TAE HBFFECTIVE ARDORRSHE OF THE WORD

: TN HE CLEAREL TS X432, PLUS THE
f CONTENTS OF REGISTER 1.

MOy BU,—21E3) §TIE EMPBICIVE ADDRESE QF THE
FDEETIMAT ION LOCATION IS =2, PLUS
JTHE COWNTENDS OF BESISTER 3.

5.8 INDEX DEFERRED MODE

An expression (El, plus the contents of & reclater [ER), yi=ldas =
pointer to the address of the operand. A= ia jndex mode abowve, the
vaiue E i the offset of the instructian, and the contsnts af cegiater
ER form the kase.

Formet foi i EE 1 ERY
Example:

CLE H1144R4) rif HESISTER 4 CONTAIME 190, THLS
fVRLUE, PLUs THE OFDRET 114, YIHLDS
MEHE PCINTER 214, 1P LOCATICON 214
rCOHTATIRS THE ADLDDREESS 20048, LOUADTON
FEOOQ W2UTI BE CLEARZD.

3.% JIKMEDIATE #ODE

Immediate mode allawa the operand itselt 4B} to be stored a5 the
gecond or thicd word .oF She inatruetlon. Tais mode is asseshled as ae
autaincregent of the BRI,

Foermat for ac: 1k
Lxamples:

MW $100,80 PHOVE THE valLUE 190 IR RECTSTER O,
MO - ¥R RO TMOVE THE YATUE OF BYMBOL X IWTO .
O EBECIATES O. - .

Ihe number adgk (¥} in the MaC&El-11 sharacker set. has  aspecial
glonificancs as an addre=zsing mule indicazoer. Whes $his charadser
apoesdrs in the operaand fleld, a% shown abkove, It spocifisa the
impediate addressing mode, indicating ko MATRO=11 that the opecand
itself imrediately followi the insktructlon werd.
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The opecatlon of this mode can bw zhown  throogh  the first ezample,
MOV 4L00,50, which apaembles abs two wadds:

Location 20: ¢ 1 2 7 0 0
Locaction 22: © O ¢ 1 0.0
Location 281 Woyt lastrecticn

Mokbe thah the spurce cperand (the valige LU0} L3 assespled immedialely
following the instrpction woid, -i.e., a% bhe . g@cond word in toe
imgtrpection. Opon e¥ecebion gf the iretrucrion, the procssser fetohes
tae flret word (MOV) and inerements Ehe FO by 2 890 that it points o
locatiaon 2% iwhlch comrtains the asurce eperandl.

After the newi Feech and increment oycla, the sourew operand (1007 1e
moved into regiszer 0, leawing the PE pointing £o lacation 24 {the
naxt instruction).

3.10  ARBOLUTE MORE

Abgolute:mode is the egvlvelent. of I¥mediate . mode deferrad. The
addregs expression. ¥HE speciflies an abgolgte address which 1= stored
as. Lhe sacond or third word of the irgtrectéon. En othey words, the
valua -imsediskely . following. the instrusticon wesd Lo faken ag tbe

-ahzolyte  address of the aperand.  Abgoluoke mode iz -assemblied as  an

gutainorement deforred of the PO,

Format Eot As  RAE

Bxanples:
My FHLUCG RO FHOVE ‘THE CONTRRTE &F ABSOLDTE
. FLOCATTION 1kt INTO REGISTER RO..
CLE L X FULEAR -FHE CONTENTS QOr THE LOCATTON

PWHOSE ADRRESS IS5 SPECIFIED B
tTHE SYMBOL X. : :

The operation of this mode can be shown thicugh khe flrst. exerple,
MOy aeiol RE, which mesesbles as two wordss

Location 2u: U 2 2 T o &
Loearion 24z DN dF 1o e
Looatien 24: Noxt ingbbuoebics

#ote that . the absolets - addrens 14l le agsepbied immediaztely following
the Inskeyctlon ward, i.e., a5 the sdedand word la the ipstrpocbiop.
TUpon cxecntien of bae instrection,. the ' prosessosr Fatehes the Eirsk
word [(MOV)E apd iperesenkts the PG by 2 so rhat it points to logcariep 22
fwirich comrtsine the absoluie address of the Saurce - operandf. After
ke next fetch and incremest oycle, the costents af sbsolute addegos
198 fthe source operand) 4re moved bpuo teglster 0, leaving the FC
printing ko location 24 fehe next instowckient.

5.11 RELATIVE MODE

Falalive mods is the normal made Eob  Aehoty  (eleéresncea wichin  your
DEODGEAE. 1v is assambled ac index mgde, uslng the BT a3 the index
reqister.

CEE)
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Format for A: k
Exampiaes:

CLIE 100 ;CLEAR RBROLTTE LOCATION 1G4
Mo B, ¥ FMOVE THE JONTENTS OF REGLETEZR O
IO LOCaLLON ¥

In reieblse mode, thoe offset Sor the addredss calonlacion L5 a53embled

a2 bhy  sa¢ead or third word of the inarcuction. Thiz walue ie added
?ﬁ tha contenks u§ Fhe PC [the basg registsr) to yisld the addeesss  of
the sourfe operanc.

The opgraticn of rcelative mode can be shawn with the sktatement
MOV 130 ,E3, whirch aapamblaes as Ews wordss

Ioacatias 20t & 1 & 7 0 2
Sozation 2£2 0 & 0 O 6K 4
Location 243 Hewt icostruction

Babe that the constant 3 ie  aesenbladl  immediazely following the
irstruction word, di.e., aa the gecond word in the inacrucklon. TOpon
execution of the Llpetrgobies, the processocr  fetchezs kha  Flrst  word
WY and inoremsnts the PO by 2 20 that ik polots to-lacation 22
lectrigaining the value 34).  Afker Ehe oext Feich and increment coyclse,
ihe processor calculates the pEEzcbive addresz of the eaurcs operand
By tzxing the contenta of iocation 22 (the offset) and addima 1k to
the current value ol the PC. which now points to location 24 {khe aoxt
instructiond. Thusz, she sourge operand address iz che caeult of  the
caloulzrion OFFLETHE = Hatbid = 1a018), caudlay  the guentents  of
Locastlan 1UD to be moved into cegister 3,

Singe MACRO-11 coansiders the conteats of the current Location cauntes
{-1 35 the addrese of khe firsk word of the imstructian, an egeivalent
index mode Stakement is shown Dalcw:

by L) 100—. -4 {BLC) , RS

Thnid instruwcticw has &4 relabive addcessing mede becaure khe aaprand
address 185 culeulated relative to khe current valug oF tho location
counteb. The offset is the distance {in byfes) Letwoon the operand
and Ske furrent value of the location cousmbar.

5.12 BELATIVE DEFEREED MOLDE

Tie rolabive defeteed mode 16 similar in operatlon ta “the relsative
mode above, exeepk thal the g¥prossion B is used za a poleker ko the
addrens o the operand. In other wards, the opecand Follewino the
instruiction word iy added to the contenbte of the PC to viald o pointer
L the address of the opsrand.

Furmat far Az B
FExample:
MO A, R PRETLATIVE TGO THE CURRENT VALUE OF
PLHE MC, MOVE THE CONTENTE2 OF TAL

FLOCATION WHOSE RDODEESS IS POLKTED
PTG BY [OCATION X IRTO RESISTER O,

T
1
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5.13 SUMMARY OF ADLRBSEING FORMS

tach P-11 imetrnction takee ab leasgt one worb. Opecande aF the Form

Listed below do not incvesse the Isngth of an inskruction.

Farm #leaning

i ) Hegiﬁtgr e

2R nr [ER) Register datferred mode (see Hote below)
IEE] ¥ . AvkEalinorampent mode

a{ER)~+ tutoincrement deferrad mada

—{EG1 Apkadecraikant wodn
E-~ (ER) Autodycrersnt deferced mode

Operanda of the following [orms add one word be the nstroskion lenoth

for each ocpacrance of ak opacind of thar torm:

Tarm _ Meaning

E4ER Inﬂer mode

ﬂE{EEl Inﬂpu gefarved moSe

#E Immediate mode

Vi 11 Abhaciote pode {See Hoog Sakaow)
Fi Helatilé mode

o Belative deferréﬂ mgﬁu

The syntax 2f the addrzesing modes isn ajimmarized

Additignal discusEion of addresslirg modes 1=
applicahlie FOP-31 [roceaasr Handbook.

HOTE

In Lppendis O,
provided in  the

An 2lrernate form for ER ia (BR}. Hiwevigr, +tha
form  E(EH] iz only logloally, hut oo physically

squivalent Lo the  ¢xpregsien S04ER).,

Thee

addraasing - form B¥E Jitfers frawm fornm § in that
Ehe second or third word of the instrecticn
cantaing the "zbaclute " zddreza of Lthe cpegend,
rathay than the relaktive  discanse between  the
operand and  fhe PO Thug, they [mstruction CLE

HELiD ¢leacs obsoiote locatiaon LOO, even

if the

instructicon is mowved fro= the poink at which 1k

wias assemblad. See the descriptlon of the

ERABRL

aMa  function In Seckdon 4.2, whilch cacsos all
relatlwe  mode addpesses o ba asmambled aE

abaclute mode addresscg.

R
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.54 SHANUCH THSTRELCTION ADDHESEING

Tha bBranch instruccions are 1--word instructicons. The high—oarder byte
gontaine toe cperabkor, and the low—ceded oyke cantaing am B-bilb aigned
wifeet {seven bits, ples sign), which specifies Lhe branch address
Felstlue ko bhe surrent value of thae P2, The hacthware cyloalates b
bBeanch addreoga g8 Folloge:

i. Hrvende bLne sign of tke offzet thronugh bica B-15.

2. Muitiplics khe fesalt by 4, cceating 2 byte offset rarther
than o wood aFfaat.

3. adds the raszuslt to the correnk value of che PO w0 forrm  the
ol Fact iy Bramcs addveeas,

AACHN=11 perisrmms the veverse gpsration to form the ward offset  Erom
tie  spes illed saddreaa. Renesber thalb when the ol Feec 18 wsdded to Lhe
vcurfonk wglue of che PCy the PL i% poidfting o the word fdiiowing the
brangch instructiang hesze, ika factor 2 in Ehe £ollowing

Salouiakians

Word obfzet = (E-PC}S2 frUtceked ko atghd hlea.
Since the walue of the PO = <%, we 2ave:
wWord wffmel = {BE-,-ZVS % truwecatked ro eight wits,

In calne broanch lnsbedgozions, you muak  execcise  care o aveid  the
follawizmg crooy gonditiansg:

1. Eranching f{rom one program segbicon to another:

g. EBranching =zo a locatlon cmat iz defined as an external
[qlabkall zymbol; or

Jd. 0 Specifying o fpanch address Lhest s oot ol fangt,  jog.,  tho
Granch  ofFsek  imos walus khaet Jog2 sop lig wikihin the canagw
=1ZE{a0) ta #1276,

conditisans cadase an erear zode (b)Y to he qgensrared in  Ethe
lv listing ifo: the statement in ercoc.

5,15 TEING THAY THSTAVCTIONS

The EHMT and TBRAP lnetructione do net ves the lew-order byte of Lhe
ingzcuction ward, aliowing inflocmabion bLo be branslecred o the tran
haadilers in Ehe law-orders byle. TE ihe ERT cr  THAY? Inetkruction is
frllowed by an axpression, the velsee of che gupression L% stoced in
the Adow-nrder byte of che word. Howewver, 1f th=z expreseion i greakbket
than 39T (&), i is truncated Lo eiogki bite and an error code T3 1=
guitteatod in the aszenbly lluclog,

e
i
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TART IIIL

MACRI~1L DIRECTIVES

Chapters b and 7 describe all the direckivies used with SACRO-11.
Titeckives are statemente  that csopee MAURO~1L £ merform ceriain
vierations during aesesbly. Chegrer B gescribes several Eyoea sof
diceciives, incioding those which sorbral  sysbcl  intecocetstion,
listing header material, program aeckions, data steorage Formaks, apd
assemdly liatipgs. Chaptar 7 describes thome directives concerning
BeCIos, maCPs argunents, and repetitive codlng seuuconoes.

MACED=L1l diractivea can be precsdsd Ly a label {subkdeck +o  any
rastrictions  asagelasted wikh specific directives) and followed by a
camment, A HACRG-L1 digectlve oocupies the operator Fleld of 4 soucoe
atakement. Only one Jdirectisve can be lncluded in zoy given sonrcce
line. Tho operand field may b2 cecupied v ope or m@more agerands  ar
1eEt blank; legal cperande SLLIér with.-sauh directive speciliad,

R
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CHAETER &
GENERAL ASSEMBLER DIRECTIVES

This catsqocy 9f dicectives Lnaludaat.
1, Listing eantrel
Z. PFenctien contral
3. Date 3torage
4. Radix and numecic cbnttui
5. Lacatfion counter conkeold
b, Turminﬁtﬂna
7. Program boundaries
B, PFrogram sectioning
. Symbol conkrol
B0, Conditicnal ssgeshliy
¥i. PAL-1lR conditional assembly.

Each iz described in itz own section of kEnip chaptet.

6.1 LISTING COWIWOL DIRECTIVES

Listing conteol directivens control Ehe conteakb, focosat, and pesination
of &@ll lime prisnter and teispristar listico sotput ogeserated during
agszxbly., Facilities slse exist For cesating object modole names and
pther itdentification information in the listing cutput.

b, tii LJRIBT and MNLIBT Directives

Ligting conteo) apeiona can be spacified in the  beuw: of a MACRO-11
progeem bEheovgh the (LIST and HLIAT diveccives, These dicectives ace
of Ens Eagk:

LIET :
LIET arg
MLEST
LMLIST  arg

Bl
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GEHERAL ASSEMBLER DIRECTIVES

whers: arn rapresents onpe or mors oFf the coptioenal syvmbolic
arquments Jdefinsd in lable 6-1.

45 indicated ahawve, The listing ocoobond A1l rechiwnh Wy b whed witbwiut

aryuments, in whigh: ecase the listing direetives alter the listing

lewvel count. The listime level count is initialised to Tera. AL each

CITCIL LS EsE of a  WJI28T dipsctive:, ke listing  lewel coonl  is
inotemented; Ak pacr ocosrrpocs e an JKRLIST dlireckve, the J.;E.ting N
leswal ool iz éecremanted.  Whien toe listing level count Zs negative,
tne listioae i5 suppeessed funtess the  lire contalra an eITOE).
Conversely, when the liatimg level covnt is greater thanp zers, the
liatinmg iz alwave gewperated. FPinally, when the count 15 zero, tha
line is cigigr listed of sappressed, sodbtingsant apon the oLlher Lizting
controls currenkly in effoct for Ehr  oodgoan. Fizr  easiamprie, Lhe
Faliowing @macco deflodltion emplaoys the (LIYT and JWLLHET direclhiwes Lo
zefartivaly Iizt portiosne of the aacro oty when the pecen g
exrandad:

HBRCED LTEST P LTST TR -
i A=TOLS LINE 5HOCLD ZIsST ;LISTIKG LEVEL ZOUHT i85 0. '
-ELIZT 1LISTING LEVIL COCKT 18 -1,
i B-THIS LTWE SROCTLO WOT ETET
ElLIET sL1sTING Leval COukr is -2,
i T-THIR LiME SHUCLL KOY LIGT )
LIS ;LAISTING LEVEL CUCKET 18 -1,
r -TATE LENE GHRHOULLD BOT LERT
-uIBT 1 LIGTTHNG LEVIL COCET I U.
; E-TArS LIME SHILLD L1IET PLIZTING LEVEL CCOKT 5 BACE To O,
-EHLH
L1 EE HE LI5S0 KACKHD SEPAMSION.
LTEST oLl THE MACRC
r A-THUTE LENE SNOELLD DIET fLISTTIRGE LEVEL COUHT I8 0,
PooHLE LUNE SHOULE LIST PLYSEING LEVST SOUNT 18 BACK [0,

An important purpose of the level count i to allow micre expansians
ta he lizted zalectiwely and yet zait with the listing level count
reabsrad bz the walus axieating prior te the mscre cail.

woen used with arguzerts, bhe Zisting dicrectives de nut aliter  the S
ibatiag levsl coenty  however, the JLDIST and (MLIST directlwee can be
vaed £o owecrdde coreerk Tiating eantroel. a2 ehawn in khe  pxample

e 1wz
LMRSED RE
Cnl3T tL1AT HEXT L1ME.
E=.
JELEET (06 W57 CLEYT DEMEYNDER OF HACROG
A fERPARNSION . . -
« EHDM
JMLIET ME sy NOT LIST MACED EXEAMELCONE.
|
B e

The aymiaelic pegumentg allawpd for woe wlth khe iisking dlesctives aeo

deseribed dic Table &-1, Thees argurents can be vsed s5ingly or in

sombinaticn with each octher, If melbiple arguments are srecified in a

listimg directive, sach arqument mast be separated by a ocomma, Tab, o¢
-2
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GENEHAL ASSEMBLER DIRECTIVES

net  specificaiiy included in a Iiating

control stategment, tha aasaviated defaunlt assuEption {List or He Ligt)
iz spplicable throsghout khe sourcs program.  The defanit azsoapllons
Lee she lListing caotvul directives zlac zppeat in ‘Pable §-1.

Table 4-1
Symbalic brouments f Listing Control Directives
Funcilon

Dptanlt

Arqument
sEQw
‘
i
I
1
|
1
LOC
i
i
: QiR
v
i
|
SBxX
; BROCH

_ Ligt

List i

Lize
]
|

Ligt

"of  sudseguent Fieids in tha  listiog

Controls  whne PEstitg of  sourcoe line
Segia e NUMEET . BACHD-1]1  aasigoe
geguanes noumber 1 to the [lrak  sourcs
tige im a ¥File, and dncsemepis  Eha
gequence aumber for assh additionzl line
in the file. Ir thin field i=
supgtegaed bhtaagh an JLTET BB
digective, MAIRC-Il generates =z keb,
ffectivaly allocaring =sgpece  for  the
firld, but fills the Figld with Dlanks,
hus, zhe inter-pogitlonal selationships

e e e

razale yndighurbed. Uurcinge the zseembly
progess, MACHO-1:  ewamines soach gaurvos
line for possible ercor comdlticns. Por
any  Lindg in grodrc, &n appropriate erToL
flag iz wrinted presedimg +he 1ima
suquesss  nuamder Cield [Eee Appendiz D.
HACED-1Y  dnes - mab asgigh segusnow
humers tor filex thak have Lad segusnoa |
noshers asslgred Dy obhar prooraps, such |
48 an uditor. i

Contrislz the lilsting of the ourpeey
lecation  counter fIpld.  Hotoellw, this ¢
fi=zld ia nel suoppresssd. Dowever, if it
iz suporesaed  Lhrouagh thie JMETSET EQO

directiye, MACRC-Il dees not genersbe =z |
tab, o doss it zilccats spoce for the

Fimld, a5 i5 the caze with Lhe =moures |
line Faquenos a1 Fletgd |AEQ)

describned anave, Thus, thd supprIession !
of -~the rurrent Locaklosn counter (LG5 |
fletd effectively Isft-jostifies  all |
sub&aguent Tialds (wiile presecving |
interspoditional relationahips] bg bRak
puzftion otherwise normaliy oocugled by |
this field. - :

coatrals Fhe listing of genevated binary
noide, Tf fhia Fiaid +is nLpDrdsEed
throwgh an LMLEarT BIiti Giraontive,
lefre-justilicabian wf the sturce code
Lleld -gsagss in the Bame manner
desgecibed albuwe frr the cureent locakian
ozuncar (LOCT fieid.

controla thi tiekinmg L Lirnary
‘exkepaiuns, Lo, hs louvaticns  and
pinscy contents bkeyond those that will o
£it on the zonrce statemert lins. This
ima a sabsel at cthe BIK agguisment.

‘
‘Qantrota the listine of scorce linas. :

[Continoed or next pagel
=3




GEYMERAL RASSEMBLER DIRECTIVES

Tezla bB=L [Cont.)
Byxhiplic Aropgments nf Listing Contrel wirectives

e — e e —n o — —

i Mrgumznt Getanlt Fanctizn
.

TIE Lisk Coenkrals bhe liavipe af coomenbks, THia
la & achaet af the SRC scgunent.  The .
| LHLEST  COM - directive reduces Liabing |
tize apd #pace wW€hen oomnants ars aat
denired,

i

HO L1st vontrols the listing of macra [ N
definicicre and repeab vrange expanslons. |

[

b 1 L

it
1]
[

Cantrai= the liscling at macta caltls  and
Cepeak randge eXpansions.

ME Mo lime Cankrars the lizring of Ma Yo e
erpansinng.

ME B Mo list Controis the listing of macra edpansion
Linacy éooae., L .LI3T HMIE dlrective
calgER oaly thoee IR L M pans LOn
sTatemantsi:  Fhat géonocats ainacy oole o
ke ligred. This i a subset of o= B
argqumenkt,

cHb List Cantrols  the listing of unsatisl lexl
gonditianal  ceiipg and  associsted LIF
and  LENRC directives in  the Eonrge
DESTE St This SEgumesi pesmies
condibianal  gescanlies  to be thated
without inclading unsatisfiad
conditianal ecodinag.

) Ba 1isk Coantrols Lhe llsslns o0 ali Liating |
directives hoving 0o argudnEnts. l.e.,
| thase listing diractives that alter the
| listima lavel count. [

gl i List Lontrola tie listing of the tatla of | e
Cooontents  during spgembly paaz (=11
| Seckicn 4.1.4 deegvibing  khes LSBTTL.
Codinectlve) . Thlz ardumeck does ook
| aFfeer bhe printinue of tho Foll asmambdy
- listing duripg assexbiy vass 2.

1

-
*
i

-_,..\_-,_..

L
|.¢;
H 3

Lizs ! Cotkrale the listing ol khe =symool kable
I oroguiking Feam  £he  assombly  af  the ’
SULCTOE pPragram.

TTH Lizat I Conkrals rha 1isting gutpue Focsat.  The
dArlaait ZdAr ey Gl Ry R mvELem '
HHtiEde . It the eysbkem nanager does not
i set @ default, it 15 set so linc printer
Fucmas,. Figure 6=1 Plluskratos the Iing

i

i prinsar autapg furmat. Pigure &=2
: i illusEraten o] tgleprinter output
0 formak.

L. I o oy n e . -

# IF +hwex NLIST srgumpnts SEY, LOC, BIW, ard SEC are in 5Ffect =t the
gane  time, i.2., LF all four sigeificant Fi=lids in the lizting ace to
b SlUppresscd, the pripring af the tesuitirg black iine 3 inhibited.

£-d
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‘GENBRAL ASSEMBLER DIRECTIVER

An exawpie of an assembly listing, as &ent to. a  kdd-column line
oripnter, 1 shown in Figure 6&=1. Hote thab Dinarcy extensicns for
statenents gensrating more thans ane watd are [ormatied norizontally on
che sBource Yiae,

bn examplo of an assasbly risting, a9 sent to & teleprinter [im  the
came format as For an HO=golomn lice peinker), 15 shown in Fiduie 6=2.
Notisa that binary extensionn o abakgmenko ganerating more than one
woard are printed on subseguent lines. There is oo explicit cruncation
af vutpst o 88U characters by the assembler.

Any argurent specified inm a JLIST/,WLIST directiwve other thar those
listet in <Table -1 cauwsss the dirgctive ko ke Elsgged with an ercorc
cods (A4} in the Au9embly liating. .

Tha listing centrol ootions can algg be  apecified at  assembly timme
through =witehes Ilmncluded in the comeand stcing ko MACRO-11 (=ee the
appropriste Bystem manowal). The use of these awltghesz  overrides all
corresponding  lleting control {.LIST or - WLIST) dlresctives speelfisd
in the source program.
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TRITET
FEALC bk

Ll
2.8
aid
g
211
gla
213
F18:]
2Lt
rLE
cLe
£ad
aq
e
i
f2d
424
ire
aps
Fad ]
2.2¢
214
FIETS
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GENERAL ASHEMBLER DNIRELTIVEES

Figure ©&-3 shows & llatipg, peoduced (n line printer Loroat,
reflacring  the ume of the JLIST and ELIST direckiwves in €ho Sagrce
program and tne effscets such divectives have on the as=anbly  listing
aubkoug.

t.1.2 Page Headings

MACRO=LE FIlntE.EﬂEh assembly page in the format  shown ia either
Figure 6-1 or Fligure &-2, Sgzending on the liating mode (ses TTH,
Table E~l). On ghe Ficst line of =zach page, HACED-11 prists Ehe
Following (Seom left to righty:

1. 7Title of the oblect mod:k2, as mstablished through the JTITLE
direceive [ges agxb Section).

2. hosembler version identificatlan.
. Data,
. Timg~af=dav.
5. Paga number,
The secend line &f =ach assemnly listing page conisios the sebbitls

Lext agpecified in the last-encourntered 5BTTL ¢lrecklve [(soo Sechtion
B.l,4}.
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GCEHERAL ASSEMBLEFR. DIRECTIVES

B.l.3 .TITLE Diractive

Fhe WIYLE direckive iz used to assign & name ko the abjes t nirdieler oS
the first entry in the header of each page in Lhe azsesbly listing-
The pamwe Sa aseigned iz kEhe Flesk six nop=5iamt  charaéters following
the (TITLE ditsvtive. Thls name showld bz six Radin-30 characters or
tons in lenathy  ary sharacters beyond the firabt six are checked for
RECII legality, but. they are not ugad &g parL of Ehe ﬁnjﬁqt med ]
nama. For exampls, the dicective:

LTLITLE  FROGRAM TO PERFOREA CRITY ACCOUNT [RG

causes the assemirled phbject modizle to oo named PROMGHA.  Hote that this
b-character mneme b=ars no relakiomasip to the Yilemass of the obhiject
module, ag apecified in bthe copmend scfipg b4 ERORO-11l, The name of
an  obdect rdgle {sgecified in the .TTILE directivel appears 1ln the
lped MmLp producad at Lligk time. Thig ia =2les tne sodule mAame  whichk
the L.b[uflﬂn will r&zognize, - -

TF the .TiTLE directive 12 mot specified, MADRG-LL assigns the defaulk
name .MARIN. Eo the chiect modula., If moeo thas ene TITLE difeccive
fe =pecified in the 'mouree program,  the lasc L TEITLE direckive
eocountered establishes the name for- the edtice gbigot medale.

A3l spaces andfor Labs up oo the Flrat  nen-spacefmon-tzk  character
follawing the .TITLE dircotive arae ‘qpurcd by RACHO-11 when evalusting
Ehe Eaxt tflhg

Lf rhe .TITLE ﬁiru il Tl epogified w:thuu* ‘an abdject madule name, of
if° the £ivé: non=suace/non-tdb charactefr in the ohject moduie ngse is
net a Radi¥=58 chatacter, "the dlrpctive 15 £1agq&d wikll mm orror  oode
{A)] in the assembly lieting.

Section &.2 ol Appendix A conbhing a table of #adiz-50 chatacters.

8.1.4 LEBTTL Directive

Fhe SOTTL dicopstlve  is uged to prodece 2 table of  contents
immediately preceding the asseably liscing and beo furkher ideasciFy
each page in the lizting. In the latter case, the text following the
LEBTTL diroctive is princed as the second ilne 9L fhe header of aach
pege Lh the listing, contirnuing untll slegeed oy 4 snbSegeent  LSBTTE
diveative In the program. For example, the direstive:

LAETTL COROTLIONAL ASSEMELIES
Zanzeg th& L&Ht

EUﬂDIIILHﬁu RESEMBLIES

tg be printed as the gecosd  1ide  in the header of the assembly
ilsring. ) ’

Durilng azsoably wpoass 1, o table of cenktente fs prinked for  khe
adgembily  listing, ocontaloing the line sequence  sumoer, the poge
nuithber; prd the texrt accompanvying eack JS0TTL directiwve, The lisking
of  tkre taple of coptenta 1z suppresacd whengeer oan LMLIST TOC
directive is encountered in rhe gource grogtss (oo Tabkie 6-Lf. Ar:
eRampls of & table of contesnts listing 15 shown in Pigure -4,

B-L1




GENERAL ABSEMBLER DIRECTIVES

CS5ITET == TEST OF C211 Ak LESIF HWACRED Ha7g? @SwJlL-Fé 15147
T4BLE CF CCNTEMTS

2= 55 MELRE: DEFIMITIOND

- ¥4 MEGSAGE STRIMGE

=131 MISCELLAMEQUS LaTa

=i READ aND PaR3E TOWWANT | INES
Ewg5d EvadLUaTE TRE SErFaNYTIC ANALYSIS
Feiay SLEEOLTIN:S

Figure G-4 Aasembly Liacing Table of Contentis

6.1.5 LIPENT Diractive

The .IGENT dAirectlve prevldes an edditlonsl xeans of  labeling tha
abject meduls preduced by MACRG-11.  Tr addition to the name assigned
Eo the chieaet oodole with the TITLE ditective {see Section #.1.30., a
chnaracrer 3tring wp to Bix Racélx-%& rcharacters can be specified
cetwesn paired princving delimibters o label tne objeck ocduls with the
giogras werslon nomber. This directlyve Lakes kLhe Followlog Focas

JFOBRT  J&trings

wWRares string reprezents six or fewer Legzl Radix-5l chacacters
which eetaiblish the gprogram identificatlor  or
verzicn numbsr., This numbker 1l ifncluded 1n the
global syvabal direckory of the obiect awdule; Eha
Eirst four chacacktere are printed in the lcocad msap
ard limrarian listing.

7 S . ropresent delimiting characters. Thess delimiters
mey  be any ailed prenting characters, ntheyr than
the egual sign (=], the left argle bracket {<}, or
the semicolon {3;l, =38 lang as  Lhe delimiting
character ig not coctained within Lhe rext sLring
iceelf. It tke dZelixiting charackers dz oo
mateh, o LF gn Lliggal dellviting characheos Qs
used, Lhe LJIDEMT dicectlee 13 Claaged wikh gn
goEar oueds JA]1 ia She afsecobly listing.

Ap axamuls o the JLLENT directiwve is shown below:
LIDEMT SvDSR/

The characteyr sbring V05A is converted o Radix-50 represemtatlon and
igelwded in the global zymoel directosty of the obiece meduols. This
character string alse appears ir the load map proeduced at  link  time
and the Librariam directory iiztinga.

When mors than one JOBEAT dlirectiwe ig encountered in a given progras,
bhe lag:  #ogh dlirective encourkaced egtaniisghes the charaober ke lag
which Farmge pacrt aF tne objoct pedgle tdeatiflcakon,

T L e - o
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GEMERAL ASEEMBLER DIRECTIVES

§.1.6 .PAGE Directive/Page Bjectlon
Fage ejection 1s asccomplished in one of fonr whiyas

1. After reaching z count cf 98 linee in the Iicting, MACORO-1%
autometlzally performs 2 pege eject td skip oever phge
periorstione an  line oeinter paper snd oo Larwylate
teleot inksr - ooipat Entao | pages. Tha  pags  nuaacer is nok

chenged.-

(. 1in addlzier, the ,Pﬂﬂi Atreckive 13 wused within Lo soseeEge
program +o perfors @  page  ejeck at desired points i the
listimg, The fermat of this diresbiwve 153

Bl

This direckive takes ng wrgunents and <ouses & aiip to the
top of the weat paje when sneounteced. It also cacses the
page number to b lacremenked and the line Sequence countec
ten ke ¢learad. The PAEE Gleective does oot appeat in Lhe
Jinting. . .

When used within & macio dsfinition, the \PAGE direckive is
lgynozed during the asseualy of the sacro definition. Rokbher,
the page sject operaticn is gerforued as che maveo itsulfF 1a&
egpandgd. In this cese, the page nomber is alsc incremenbsd.

3. b page ejeck is pecrfoemed when &  Form-foed chpcacter  ia
ancognterad. If the form-Fesd character appeacs wikhin &
macto deflaitien, a paga eject wogusd dueing Lhe assembly of
the @acro 4definition, but not during the exganaion of Lhe
macro itself. A page eject remgalting from the weEe ol tae
form-fead chacacter Iifhowlie cauzes Lhe page nambel to e
ipceamenked and the line saquensve cownker Lo De cleared.

1, Epcopttericn? a new source file causas the pdge nomoper Lo be
incrementad and the-tlhe seguence oount Lo be cefeh.

6.2 FOMCTION DIRECTIVESr .ENABL AND .DSABL

Several functien conteol aptivons ace providsd by MACRCG-11 chroudgh  hhe
LENSBL  and .DSARL - directlwas. These direckives are Ilncloded ic a
SOUECe program to idvoke or innibik  cerktgin. MACRO~L1  FuanciienAa  and
cperatione incigental to- whe assembly proeess  ibgoli. Theas
dicectives take the following forms

LLRABL amcg
Jrhail, arg

whore: ary represents DR OF mote of the optionalt  sysbollc
erouments defined in Table &I

Specifying aay argument in an JEHABL/.DIEABL Hiteckive cther than bEhade

ligted in Tavle 6-2 cagsey thak directive ko Lo Flagged with ap srror
code (A) In kthe assambly listing.

£—13
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Takle &=

Auembalic Brguments of Fun:iion Conlkyal Dihp»1Lug

|
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Znakling thia fanction produces abiolate
imary ootouat  In 2TLed-11 formatk. To
convent Lhia cutpnt bto Formett=d Dioarcy
Formak =8 regaired by the Ahsolute
Loader], use the FLEX ukilipy.

Exighling  this funccion faluass abi
telative gddreszes (address mode 87) ta
e auseabled as anuniets afdresges
taddress mode  37G. Thiz Cupckioo im
usmaoful doring  the Sebuyging  phase at
peogram Jewvelapapeni,

Enakling this EFanction c3agees  SoUuros
coluomas 77 and grester, oo, ta gl oend
f the Iine;, 22 Do Lréasod &Y% o OAmMent.
e mosr "omsToa 18 of L3 festure 1y
Ex perwmlt  seguenso nushers  in card
srnluchny T3=dE

Migskiing  thiz rConctleas  ishibits  the
Jerarabtiaon ofF crosy-referesce oubput.
This Cunzzien ofly  has meaning if
crups-refarancsa qutput gensration is
apscified in the commard atrlag.

Ensuling this Eanctior causes - floacing-
pnint rrupoation: diszsbling this
Tuncbticg 2auses Cloating=paint Toviding,

Enanling thiz fancticn csusea MATRG-11
to aouept lower—-rcase ASULL dnpur insEks=ad
of conmwarting it Lo wepper—-casze.  IF kEhisn
fansLtian g nart esskled, a1l text iz
Cconverted Lo sRDer -chEm.

T™as acgument permits the epnahling o
risakling af o Jowal aymbel bBlosk.
Blthoeign & Local srrkbol bBlask i%
nosTally  eutablished by encountering =
aw Rymbglde label or & o PEECUY girectlae
i the  souaree  Srogoad, onh (ERHADD LAD
ditective egtabilsnes a fnow latal symbol
Elack which le wobk terminatsd onkil {13
anckher (EMNASL LER iz encountsred, ot
(<) awather symbolic labkel or (EHECT
difeicive 15 enccuciered [oilowding a3
paicud . 05ABL 5B directlue.

Althsugh the SEHABL L5& diressive
PELELTE A local aywmhol Liocck bto otoss
FRACL boandaclea; laszal symbols  oannet
e dafiaed in 2 pragras seckian avthesr
than the one bthet ewaxe in offroct when the
wloex  was  chkores. The haosic funciion
atl thia dlreat:en with cegard to
SBPREOT's 1np limsited bo bthosSe inskances

IContinned oo nEnt TR e)
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Takle 6=2 (Ccak, ¢

Symbolic hrguments of Functbion Contral Rireckives

S ——

e

AEqunents

L5EB

{oorkE. )

PYC

REG

5EL

-

Duefauli

Digable

Enable

#nahle

Enaliiat

Fumarios

|
|
i
|
H
|
|
H

S

whepo 36 Qs desirable o izave a prodcaD
seckion  temposabiiy ko smtere  datu,
foligwed ‘bw. 3 retarn T2 the original
progran =ecticn.  Attempts o define
local  sembols ik Ac alfmonate prognam
svabion are €flagged with an - error  code
(P} im the a2epentl® :liating.

i axumnls of the BEHABRL LERE and . MGal
Lk direcrkivea, - as btypisally veed in o
EQUEce PIOIEER, 12 shown in Figure 655,

Pimabling thie Eumctbon inhinite bipory
cubput orbll ag EMARL PHC stxtsmenr is
encountered wizhin the same nedule.

When specifi=d, the (DORGLE RES dlrechtive
lenibdes ke Acekal SWOO0-lL e fault
register definitions; if mot  Jdiestled,
the defonlt definiztions listed LDeicow
remgiain in =£feecc. .

ES=%0
Rl=al
“FEY B
Riyees
BREi=ad
Ra=kh
Bd=:E
Prwg]

The . ¥WaAlL HE: gralessnt w2y be oaded z2s
the logical complamcnt of cthe DEAR' HEG
dirgstive. YThe use of theae direciiveg,
howewor, iz oot Tecammendad Far
icgical Tonslsiency, wuse - Lhe B e i
defanlt reglatar duafFiniticas lisbed
abows, ’ : :

When  thHe (BRREL O Gal directice ie
specified,  HACRO-L] treate -all eymbol
references that are undefimed ak the end
of  zssambly  pass 1 az -defanlt global
referancesy woen - Ehee L BETUSL GRL
divecbive . is gpdoified, MACEDI-1]1: trakis
ail such. references ad preis [ L yeed
aymbola. In agsembily asss 2, if the
DERBL ERL Function is atill in effect,
Fhosg undefined svmbolas arvrs flagged with
an  fpveer videa (01 in the apsemn by
Fiztingy ocherwise, they continoe to be
cagiarded oy MACHD-1L] EH Tlobai
tafersnces,

*

The defaoit 1s Tisatic Far AT-1i MACRD programs.

e
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AL

f

ANATI v ALTILGNLT
AARAT JL ATHEEHA
£5330M§ AL¥ILONET

ALa«3T 47

FAMAR DS Jul

SEY¥A IMIDGemHILIVHWED ¥ TA=RINT
[ T LN = T T )
dwu¥7@ 0 L3 BIf
[ 3a0Nel fps dif
Agre T m1L0THRA] LT Tmg EBIT
a1y d Sp[W a8 3 0L JA1°F
JaTi€ OL whide T F3298
IL[T=40+047 E¥d Bd fniudl

LFm]™ i

1093 BEIZHF vlAeEl; WLt el
A9l T=gd=dud w3 LETS fp iWIOE 'HIGE
Syl=00T ARNILYGT TowE

190MI7TS3F SFLITYPED LRPT Wy Rl

AT TS GHLLWZLINI wavdl ‘Gw 414
ikl 40 pHuLE O) IsI0dA B8 BICTM
AyI7 K[ afe> 77 15yd Te LYIGAd
Ed K1 24:% 20 =097 Lhad

ABATIOSITI TG L"
BE%  IEYEG”
wH L3
3%
[ 1] HE
3131
Z47 1o drE
- whi
£HY C38
ar 1eAVEEnD udhl
87 HER:|
Arleliel= HAk
§70 LEL
TH"GH EL
ZH Iy ilel ]
L1 T
Ed'id LLrl ]
il ANE
JfmuEe? LCyi= Hged
FUF HET]
fA'LH ddd
Ta'dy [HH L]
iefle A
A" “Evm3"

puRr TgWHH® o aTdoExs

1gdr
LR

e

Fgpi
Falsdag

Ilmbhk g

F

i0ag

Klagl

-5 =I0hTS

ZEL

1Rg

FRE

RArC Uy Bl

L9rRAe  Flggee gad
TATER?  pISCME LB
LpzBdE LIZ0hR GEE
2A1ERT  TEETED EAE
EREGEE  PMETRA FAP
ELEFAE FPHETEY ELF
RraKde 2F2F2T QREFPD 262

fLched RLLERA baa
CldpEd cdeval Eelied Epd

CLPERD  DLFLER apd
SEZQER Fyl{Ead kel
IRI§8  pylEkd Juf
AT

Fhrded ZLEEwE QHT
Fopala apfEap ru2
LEDTOR  WasE9e 87
LiBagA  JEZEkSL Egipde w:m
FoeldE  Tusfoi SAE
Tova2e  GFSEAE ByE
CAZERE *pITAQ Rpd
cATElE  felika pel
Lid

g

Ged

bgd

Ead

EfE

BL=T0 -0 lR4KEA CHITA TIFINAE

B-1E
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GENERAL ABSEMBLER DIRECTIVES

6.3 DATA STORRGE DIRBCTIVES

A wide range of data ard data t¥pee cen e generated witch  the
following diroctives, - ASCLIE conversiown charachbers, and cadly=cantral
OperaroIss

-B¥TE
R

CAGLTI
JASUIER
et el TTE

Thase MATEO-11 faciliries are descorimed in the following seckisns,

G, 3.1 .BYTE Birective

vhe BYTE directive 1% used bo generate auccessive bytes of hinary
daka in the object medule. The dlpectlve 1z of the form:

BTFE hxp :BTORES THE KINARY VALUR QF THE
1EXPRESSIOHN "SXP- In fl:l'.f.: HEXT SYTE.

_BYTE  expl,exnZ,expn  STORES THE BINARY VALUES 5F THE LIST
+0F EAPRBSSIONS IW SUCCESSIVE RTTEE,

A legal esxpression most reduce 9 eight bikts of daka or  less. The
operandy of a JBYTE directive are -@valaated &3 word sxiresslone befsrce
ceing kruncated to the low-ordee aight bits, The 1l6-bit waloe of  the
speic:lfled expression must bhave a higihi-oréer bvte (which i% esupcaned]
that is either all zeras (0} or all anes {L!. Bash expression  waluc
ig atored in the nexk bybe af the gbject module. Kultiple
apprezsions, which . gust Le gepsrated - by cosmaa, are stored in
eupcasalve brtea, as described below:

SAM=h

Smdld . . ' .

«O¥TE "D SAM PTHE vaLUk 060 (OCTAL BQUIVALENT CF 4%
JGECIMAL) T8 BTOREDR Th LOCRTECH 4L0.
yTHE YALUE 005 LS STORED 1IN LOCATIGH
wdll.

If the high-wrdet bybke of Lhe exﬂréssian reduces to a valus othar than
L or -1, the walue is5 truncsted ta the low=-erder oiahk Bilica and
Flagged with an errar code (1) in the assombly Lieting.

The zsoratroction ("R in the Eiget qparand of khe BYTH directive abowe
illugtrates khe - w=2¢ o6f & kemporary cadix—contral -opgerataor. The
Euwekion of such special uneey oesrators  is deserlibed im Sectiaon
I S RN

Ak 1ink time, it 12 likely that a relocatahle expraasion will refal:
in a3 walue thaving wore khan <ighkl blta, in which case the linkser

L6171



GENERAL ABSEHDRLER BIRECYIVES

iggwes a truncatbion diagrnoetis for the object module in ouostion. FPar
grampla, the Eollowing atazzmente create sech & pussibilicy:

BYTE 23 SBTOREDT GUTAL 25 TH MEWT &VTE.
-
SBITE & FLELDCATARLE WVALUE A wTLL PROAAETY
ICAUEE TARAONCATTERN
POTREROSTIC,

jre
e
-
Hil

T an axpression following the (B1TE divectiwe i wmall,
irtarpreted 3 a Zero, as descrioed Dealow:

J=EED
BROE AHE SGAEEL TH sYTES 420, 421,

JHETE -
423, AMD 423,

P |

Hoba tltak 12 the abave cxanplo, foar Dykes of storage casult from  the
SBYTH . dicective, Thre three comnmas is the vperand field represeni an
implicill declaration of four pull  walues, sach eeparated  from the
sther by a coarma. MHenesa, Foor bylkesa, sech dontalning & walae of zzreo
121, arpe —enoewern in Rhe obhjezs modple,

B.3.7 LHUOPD Direckive

Fhe Wl direccive 15 uwasd Lo gensrate succeaslve word3a nf data dn
the abdecl madoale. Tihe directlive iz oF bhe fach:

SWDED faun PATOREE THE SIMASY BOTIVALRNT OF 13R
FEAPRESHIOK £XF 1 THE NEXT WORD.

WL RTE eﬂpl.ﬂmnl,gxpﬂ PATOREE TITE RTANAAY EAITVALEHTAS OF TAE
sLIST OF EXZRESSTIONS I sICES5:2vE
PHORLS,

A Lenal expresslion msas resuli ik LG Ldite ol daka or leas. Emch

‘mRpresaion ig atared in Lhe pedxt word GF che object prodgram,  Multinaia

eaprienbd pnd musk bhe gowarabed by commas and  stered Ao suocessive
wirdn, g shown wn the following exarple: :

Tl
R TR -
- W E¥TEEG, .+4, 580  :STORES THE waluks 1TT315, 386, AKD
0 IN WORDS 300, 2492, AND 504,
FAECPEITIVELY.

I'f an expieszion following bhe WG6ED direckaswe contains & noll  walce,
it a2 interpreled 35 2 ero: as shows In bhee Tollodlhg eraspio:

=L
L WORG . FSTORES IdE YALUES O, &, AND U Lp
rLOCATEDW 500, 03, and 364,
FRESFECTIVELY.
A statemepl conLainleg 8 blank operavor Flold, j.z2., & symbal fhEe i3

ot recggnized by MACRIC11 5% o macre opll, an instruction mnamenic, 3
BACRO-1L Jiractive, or a semicolon iz interoeated durlng - asegembly "as
an dwplicik WD directive, as shown in the eramole below: -

L=4dn
e o LG, [E=sRY,  FIORES THE WALLE 100 I LOCATICR 4d0
- JAHLD TIE WALUOE 444 TM LOORTTON 44F,

o ————— i ———— i T S — R e m e wmn mn Eem m e

s
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' - CATNTICH

fpa should ot C use this  cecnnigue  to
generate JAQHRLD directlves bécacee ity
net b fnelodged - Ant Fobkwpge - DivEeld
ansamblars,

£.3.31 RSCII Conversion Characksre

The single guote ') and the doubls guate . ("} ch&racters &ne osary
operatore  that can spperar in any MACHO-1] expression. © Whnet 80 usad,
theze characrers cause & lé-bit expresgicn walus Lo be censrzkad.

Wren the aingle gueote iz used, ¥ACRD-11l takes the next characktec  in
the wmwpressitsh and copwsrbs it from ity T=hit AECTT valuyw to a 18«-Bit
gXpressicn value. The Le-hit yalue is then waed ag an abandetse bLerm
withim the #xpression. Fof example, Lhe 2Lakcementt

MCW #'Aa,D0

reavlta iw the Eclivwing lb-Rift sxprgazidn  valose being moved into
regigkze 4

B0000000 | 0100005

[
|

L—ninary Walus of ASCIT A

Thus, 10 tha edapple above, the erpression A ragults an a2 valee  oi
1uliah. Hote Hhat +the high=érder byte is.aliways zeroc [0 in the
rgeulting expression walue when the single - guobt® gnary operalbaor iz
weed. : . ' T

The " vharacter must mot he follewed by "a parrlage-rerurn, nulls
RUSRIT, 1line—Ifeed, wnr form—feed charackez: - af it is, an elror oode
(] iz generaceod.in the szsembly - listiceg. .

Whan the dexble guote ig naed, MALEG-1T bakms fhe nexl twa  clabackar:s
in the =expresgsion: aad - copverts -Lhom oz s LO-bil Dicaery sxpoessiaon
vaiue Lreen thelir T-nit B3CLI valyes. Ynis -16-Hlt walyge Lz o then  coed
a4s At absalute =erm o within tom arprassian, for evample, . the
shakemene:

s #U4a HI

tesnlis in the folleawing Lb=bit orprosaion walpe  aeing - movod into
ceglater 03 . -

—_——————- e ol S T ey

F i
iulﬂnﬂula{uluaﬂnﬂl
.Pﬁq1“___“m1____
F
I eBipary Valug of ASCID A

1
L——Eiﬂdry Walue of RSLTI B

Thud, ia thd.ﬂxumpim abovae, tha eyxprassion "88 reaznlta in a  wakue af
0a1i01{E).

H=11
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GEMARAL AHGEMBLER DIRECITIVER

The " charecbter BlYo mudt ok e (E1Lowsd by 8 carslage-ratnen, nall,
RUBOAT, lins-fesd, aor fors—feed chesacter; L1 1k ig, anr error code
ih) i3 Likewlse generaked In the assemoly Jlsating.

The ASCIT character met is liated in Seciiecs 8.1, appendix Al

i.3. 4 LRECIT Direciive

The ALSCIE direccive tramslatea characker sigings dnta  Lhelr T-oit
ASUTIE eguivalents snd zlares -hem in the chject modole. The formab of
ke ABCLLI directive 1% #s fol lows:

ASSIL Sarveloy 1S W Fetring oy

wharn: skr ing ig m 4bring af printenle ABCII oharacters. A1
printable RECTII charackers are legal. The
vertical-tab, nwll, line-feed, GHUBGCGT, apnd all
olther mon-prlniable ASDLE ahraraclkere. excanl
carciaga-cokacn and Earm=Food, awre 111legal
charactera. Auch an ill=agal noR-Lrieting
charscter is flanged with an =reor code 1) in the
aoeRmbly Tiztkkny. Threx cHLTiAaga-relkarn arnt

foeau=Tecd cherdcters todainabs  the  Scan of che
sttnras line. This gremabuie  Esemination b zhe
LAECLE scatement rCceaults ip the generaktion of an
grror code (A)] Lo the agaembly 1lsiing, bDecanze
AnCEO-I1 -] unalsle b aomolabe B e ofF she
mateoning deliwmicer at the «end of the chorscter
string.

s s reprefonk delimiting charactors.  Those dobingbars
may  be any pakred printivng characters, ocher thap
the gqgqual sigr (=), the left anagle brackec (L) =T
the semicolon [}, a5 leng as the delimitinng
charaoter i rat contaioed within tho text string
itseli, ITf the delimiting charactecs 4o net
match, or if an illegal dalimiting character is
need, ks cASCL1 direciiwve ia Clagged with an
errar code (&) in khe aemenbly liating.

A momieprinking charavter can be cspreasssd in an ASUIT statorant anly
b omeloslog dies sgquivalent occal valus within angle brackeis. Tach
sebk of angle brackare 2o psed rapresents a2 &2imgle characher, Eer
EXEAPLIE, I the Folipwlng ghkscemer s

ABCIT LR AR oA+ DEFAcEdd

thie expressicna <15k, A3k, <5x, and <4> repreasnt the walones of
noe=printing vhepackers. Furthrermdre, the arpres@inns szt fedues o
g1kt hice of ahsolute dzca or less, subject to the same cuoles  for
generating data as with khe JBY'LE direchkive {gse Yecbicm &.2,L1F.

Angle brackets can e emoedéed bebwesn delimiklng characters in che
character pgkring, bEubk angle brackets B0 wgsd do ook take an bhedr
nseal E.'ign'if'i;:nl:g‘- au delipiter? far pon=printiag charanteors. Far
examuple, the statement:

ARCIL SRBCAexpEesEilonrLEF S
conzalna & single ASCLY characker scring, and pesfiorms no evaloatlon

af the ennadded, bBrackebod Eip:ﬁﬂz‘:i.an- This amss o Ehe angle Lrackeks
e shown in Eoe thiced aranpie af fthe (ASCILD diraative belawe

620
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LASCTI L SHELLOS i BMGRES THE ATHRRY REPEESENTATTON
o ;08 THE LETTERS HELLO IS FLVE
ICOMZECOTIVE B¥TES.

JASCET FABCF13<h2»/DEF/ 15TCRES THE BIHASY REPRESEMTATICH
:0F THE CHARACTESRS A,R,T CARRIAZE
sRETURN, LTHE FEED D, B, F I¥ EIGAT
:CCREDCUTIVE BYTES.

JASCIT  JAclS»a/ C}HTOREA THE RIRARY REFREIENTATION
-, ;D0F THE CHARACTERE R, £, 1. 3, =,
 ARD ¥ ;H Hix CMSECOTIVE BiTES .

rhe semicolon (5} and egquel  sign (=} can -be ueed as delindtine
rhecaclera  in an ASCIE stripg, but care mast be osaeecieed in 5o doing
bocause of their signiflcance ag a coemment indicator and #Eslgnmernt
pwperator, respectiveiy. &8 illustrated bn the examples beldw:

JASCTYE  TREC: FOREPS iSTOREE THE BIMARY REPAESENTATION OF
. . JTHE S CHARRCTERS A, B, C, D, E, &KD F
PIM S1A COMSESUTIVE BYTES; HOT
s RECOMMERDED FRACTICE.

JRECIT SMBC/DEF; s PMORES THE BINARY AOPRESZINTATIORS OF
: rTRE CHARACTERS A, B, AND C I[N THREE
CONSECUTIVE BYTES; THE CRARACTERS D,

iE, F, AN ; ARE TREATER A5 A COMMEKT.

LAECII JRBL/=NEF= rETOHES THE BINAKY REPREGENTATLON
:OF TEE (HRRACTERS &, B, C, T, E, &AND
$T LR ETA CONGELOTIVE BYIRS; ROT
1 RECOMHMERDED FRACTTCE.

A agqual sign is treated ss an sssigomant operabor when it apprats a8
the first onaracter iw -the RSCIE strino, a= illustrated by the
Fullowlng examplies

sTHE LTRECT ASSIGHMANT WUFRRATION
$ 6304 I=DEF 15 PERFURXED, AHD A o]
7 |B¥wTax) SAROHR IS GERZRETED QPOH
tEACOINTERING TRE JECHD = ST0H.

LAB0LT =DER-

G,2.5 LASCIE DHroctive

The .ASCLE diroetive is equivalent te the .a8011 diceciiwe deacribed
anowe, except thebt e zera byte iz avesmekically inserted a9 the final
charactet of the string. Thus, when a-llgt ot kext string . hes been
created with an JASCTR direckive, a search for khe nall chatacter in
bhe laet byts cen effectively determine the end ol the string, a3
cafiecked by the cofiing belows

CE=15
LF=12 :
HELLCH:  JAECTE  CCRSEF > /MACAO-i4 VOLAA<CRr<LP> INTROIDUCTORY MESHAGE
. BVEN
MR EBPLLO,E1 ;GKY ADDRESS OF MESSAGE.
MO FLIHDUF R 'GEY ADDRESS OF OUTLUT HURFEER.
1% MO Y fR1j+, (RE;+ JMOVE A EBYTE TO CGUTRUT BUMFRR.
BRE 108 +[F HOT HELL, MOVE AKDTHER HYTE.

JE=2l
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The .ASCIZ direcrive is subject ko =he game  ahecks Far’ ohorsober
lagality ané  proper cheracvter string condbruction an fdescrioed above

Lar the JARECTT directive.

n,3.6  LJRADSD Directive

Theer JBADRGD direstive allowe bBhe usse:r  ba genarato Saba 1o Hadig—39
packed format. redix-~50 Ffarm allows theee characters to be gacked
inko slzkeen hilka |abc woard): nerefore, any é—caarackar  symbel  cao
L ®5gpod im two GONSecubive words, The FerX of Ean Jiroctive is:

CHALSS  Sabtelns L. L fstrang of

whersa! strimg reoreaentd o Saf ies ol characters ta one packad
fehrad  ochasacters per  word). Ize  =3vsipg apst

consist of the characters & thradgh I, 0 thcough
B, cdoliar sign 4%, perlad (.1 angd space { ;. Ao
illedal wrinting chacacher gausey  an ercor flag
(2 te be psinted in the assembly lizcing.

If Tewos than three choracters are Lo be  packed,

the string is  packed lefi-juostifled wikhion ®ha
word, and tearling sosces sre gssoncd,

Adicwith the AS0T1 Zirective described In Sectian
£,3.4, =he werbtical-tab, noll, line=Fzed, RUBGDT,
anpd  all olber nor-printing  oharactercs, except
cate lage~soburn antd furip-fesd, e illegal
ehEravksra, pasulting ip as eroor cods (13 in Ehe
azzenbly  1dkeing. Similarly, the carriage-relurn
and Torp=food chacraeTecrs resultc in an erroc code
(%1 broeoaase  thess characlers end the dcen of koo
Tine, prevoniing MARIRG-11 0 Erom dekonting the
terminating matchlng deblniber .

S i repragent delimitins charactors. These deliniters
May b oany pmirgd printing oharactera, other than
the agual si1grn (=), the lefr angle bracian (€, or

the rsemizelon (), pravided thal ke deliniting
character in nat 2ontiined wichio the tex: aceing
itsmelf. if the Zeliriting charackers o fot

maten, or 12 an illagal delisiting obacqebor  is
naed,  Ehoe JEARSG  dirgobtiue iz flagged with an
frrar aple [A] ip tha aszembly listinag.

Examzlag of (RAL4D Alpcotives are showe Delows -

ERDSG SADCY PELCHE AST INTO OME WORD.
EBNSG Al PERCERT AR [SERCE} INTO ONE WD,
CERDSG SABRODS PPRACHE ARC TNTO FTRST wRD AHL

PO OCRDRCL] (RTACRY THTg SECGRD FORD.
JERROLSO FATCODER PERCHS ABC IKTO FLEST WORD, DET LET0

pRECOND WOED .
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GENERAL ASCRMBLER DIRECTIVER

Each «haracier is teanslzrad  inta (ks Bedle-5  eguivalent, LS
indigated in kEhe following tahle:

Character #mdix=20 Cotal Raylvelerc
cSpatel . o

A= : ’ 1-32

b ST

. o S 1

tunde £ ined) : 35

0-g - _ 16-47

The Radix=5¢ squivalents for ciaracters’l . thiowegh 3 [Cl,C2,.031 are
combined as follows: ’ . : -

Badix=50 value = {{0L*E4] 4030040
For exazplies
Radin-50 Walue of BBL = [(L¥GN+2)%50+43 = 33213

Befer to Section R.Z  [n Appendin A fora table ©oE Radia-50
arquivalents. T ST :

Ahyyle bracksts {<3) must be used i1 thy L(READSD alrogkive  whenever
special codes  are oo be insected in the faxt serimggy ae =hown in khe
examzle balow: - N I e T _

LRRDSD SARFCiEY fSTORES - 3755 1N OHE WOKS.

CHRI=1
CHRpZ2=2
CHIt3=3

CEADEY SR ATOURI 2 OERT g ROEIVALENT TO (RADIG SRBOS.

b.3.7 Temporary Radle=50 Control Operstor: R

The TR aperator specifies that sn  ardumdnt is b ke converted to
Radix+-50 farmat. This allows up to khree Chetacters vo be etered in
ande wald.  The "R operator iz coded as follows:

TRoce

whete oo Fepresents a maximopin 0f thess chogactors 0 Do convertad RO
a lb-kit #adixr-50 wxlue. 1f more than threes choractecs are speclfied,
any following the bhfcd orarvactar are fgnoered. LEf fewer  than 1 are
gpecified, it Lis assomed that ehey trailipg chacaciges are blanka., The
following =xampls snows how the "H eooratar might be gged ko pack g
d-charactar file bype specifief  (MALCY inks a single LE-hLit word.

MO TEMEC, BILEXT P BTDRE BLRSO WAD RA PILE EA{TENSIOM

The ngmbar sign (#) Le u3ad ko indlcate fzmediate daka, L.e., data Lo
be asscebled diceckly  fnbo object  code. "H epecifiss  that tha
chacacters B apg boe ue convected oo Badiz-5%0, “TRis wslue is  then
stored in loeatiwn FILEXT,
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6.4 RADIX AMD KUMERIC CORTROL FACILITIEE

b.4.1 Radix Coptrocl and Unacy Control Operators

The notmal default asaumplion for fpamecfc valoes ar cxpcession  valuoes
appaaring  1n a MACERO-11I sowrce aragram 13 actel.  Howewer, nomesooos
inatances mav oocur where an zlternate radix is wuseful for portions of
a progrsr ot far varlables witbhin a given Statcaent. Tt may be
aRef0l, for ecxsnple, 3 declare o given eadix for applicability
througtout a progran orf o 5pecily a numeric valduse ©I expressisn wvalue
1n & manger thot causes it Lo be inberpreted ag a blonacy, ackal, or
decimal walue during asssmbby. In obhee =ych ipsbanags, it may be
usefal 0 semolement pwmerio walueas  or exzcressicon waloes, Thaze
ARCRG-11 facilities are described in Lthe fcllowing sections.

HJTE
Wheno two ar mere unaty operators dapreadar  together,

sodifyin L Zam= term, the operstars are
applled, ¢Crom righlk ko lelt, Bo the teim.

G.£.1.1 LRADIX Dilrectiwe - Humoers pasd fn oo MACRD-11 2ource  progean
are inlbislly coneldered po ba cotal volaess  howese:, you can doolare
any ang of the fellawing radices for  applicabilicy  throughaut  rthe
goaroe pIogiam oI within specific porticaos of the prugram

4, B, M

This is avcomplished wie a (BADIX Jipective wf the form:

AEDIAE N
whioar n vopresants pne 9F Ehs three aecvepkable  raflces
liated abowe. If the argusent n iz not specifisd,
Ene pokal defadlk radlis ig azsuamad.
The zrgumeat in the CBADTE direch e P4 alwayn intorgroted 2% oA

Aacimxi walus. An alterpate radix declaced ia the saarce poogram
Lhrough the (BAIIX gGirective resyins ip effect until altered by Lthe
occureance  of anether suwch dirsctive, l.&., =2 giwven radix declaration
ig walld throughout & pragram cokid changed. Far  example, EBhe
Seatement:

JHADIE L0 FEECIMG A SRCTTON O COLE HAVERG &
FRECIMAL =afnld,

HEDEN P BEVERTS T0 OGUTAL HeULE.

Any value other thasz nuil, &, &, or 10 apecilled as anm argumenl in the
SRADIE  directlwe causes an siror code (A) bo oe gesecated In kEne
aasemaly lisking.

Ia gqueroral, #acsca dafinitions shsuld not  contsin or raly oo radix
HeTHinas =utablished with  ths JBADIX digective. Rather, temnwarary
radix zonkral ofneratars shouald Be ussd within a maccs definibion.
bbere o possible radix conflicr existes within a macro definibiop ar in
poassibile Fubuore uvusesz of that code, it is recommendsd that Ethe uaser

I ey v e Gn WL QN 5 SRS Sy B o e W G W NN Been S Smemenme o mesmemn s amem BRE e m R ROE A RS m

oA



-t

P

™

Y

GEMERLL- ASSEMBLER DIRECTIVES

apoe] By pumeric or expres2ion walues wslng “he temporary redls oontrod
operakoes described bhelow,

@.4.1l.2 Temporary Hadix Centrol Oparatgr#: 0, "0, and "B - Once the
napr nas gspecificd & glven radiz for a seztion of ¢ode or hae declided
te u#a thoe defsult occal radix, he may  Elscover a numker &f  claed
where an zltecnate cadix 1o more comvenient or Jeglrablie fparticularly
within macre defifiticra). The creation of o mask wosd, for ezampla,
might begc be accompliskod theaogh the sse of a Binacy cadl .

AACRO-11 hes thpee onary operators that allow the wger. Lo eBtablish an
alternate radizxz, 28 showh balow: o S :

D%*nunber™  {"npumber" is oveiuated sz 5 decimal number)
O pumbar® {"nomber" is evainated ax 20 ockai pamker)
TETnuatsr®  1Tnasber" ie evaluated as & hirary auzh=r)

Thuz, an alternate eadix ren Be declared temporarily  to mext  a
Ineslized reguirement in the seurce piogram. - Buch. a declaration: can
he magds: ak any time, regatdless of the axigtence of the default actal
raftix - o another specific radiz Geclatatinn elssvhare in the PIagram.
In other woids, the effect of a tempocary radiyx  poatrol operatcr  is
limited +fo the terd or eupression immediately follaoawing the oDperakad.
any walue specified fn - sonrectiten  with a temporary cadid o contral
cperator  ig evaluated Juilnd asgembly sa & I6~bit encity. Tempoeary
redlx contcal declarations can be dgaluded In the 3ource progoam
anvwheroo 4 dumerie walue 1z lagal.

Thae expteasicns below are representetive of «he sethoda of specifying
temporary radiy control operatocs:

0l2l Necimal radix
o 47 dcbal Tadix
"B gohnLidl ‘Binary Radix

T Dakal ?adiﬂ

Nate Ehat the ap—arrow and the rcadix control opersator DAy nol De
gerpatated, but the radiz control.dperacer and the Ecllowing Lerm or
sxpression can ba physically separated by Spacss oy Labs for
legibility of fotmskbing purpeoses.. & mulbi-elament fecm or eEpreiaion
that iz t2 be intergreted fn an-alternate radix  should be snelesed
within angle breciets, a8 ahowsn Ao the lzsst of the four temporary
redi= control sxprepgions above.

The following efample zigs tllustrates the use of angle brackats to
delizit an expression Lhat 18 to be dnteepreted’in an alwermabe gadlp:

LRADIXN LD N
=10 :
WO RD Toga+lurtiq

Wwhen the temporacy radix csptession in the WOHED  direcrive abowe is
evainaked, it effettively vields the foliowing eduivalent statemenit:

« WO RO 180,

KACRO=ll aisa allows a u&mnnrarv rnd;x chapgs bo declimal by epecifying
a numbet, 1mﬂedlatkl} fulLqud by a deciszl pﬁ:nt edr a8 Bhown below:

g Sguivalent to 144 18)
137a, Egquivalent ko 2540(§)

o - Equlvaient o I#0(E}

B-2%
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?h$ above exprossien forms are eguivalent ic funcclon to thone  Listed
el s

ol
“oli'ta
TE1EH

h.4,2 Woseric Directives and Unary Control Operators

Twn atorade Cirectives amd two numecic fontial operaficrs arfe Avallalae
to simplify  the wse of the floating-poinl hardware on the BDP-LE,
Thege Facilities allow Eloating-point data ko e created in the
SESJCaW, Al namerio valnes +o b complsmented oT trested ag
Cleaklag-polnt munbors, .

A Flecking=goint aumber Ls repreeentsd by s atring o7 degisael  divits,
The string  (which can be & Albegle diglt e Leaghbh) may eptiznally
contain a decimal poianc. and may be fallowed by an aftional eXponent
izdicakor tn kb2 foes of the istter K and a zigned decimal integer
gaparrcnt,  The powber may net contpln embedded olanks, tahs o angle
prackets and may net bBe an exprapsion. Sueh B osteing wlll resplt in
one of LorAe errors (A oF ) in Rhe essenlly linting.

Tre list of momeris repegsaentations Selow  cootasine  aeven diskinel,
valid represantations of the same flecating-poinl number:

-
3. 0ED

P L Lyt

-3zl
Jgge-2

Az can be inferved, Ebe bist coolid e wxtended indefinitely  (e.g..
I00ek-3,  JQdEE, eboa)e B leading plos sign iz optional (e.q., 3.0 s
conegldered o B 43,30}, b leading minue =ign  complemenia  the slgn
t. Wo athet aperatsrs are zllowed (e.g., 2.0 12 dl1legal).

Lil floating-point nusbers ace evaluesed as B4 Lits in the following
iormak:

b fi 1 55 D

] HEEELEER [ B Y [t
Mhantissa 3% iis)
Bupnngnt (3 kirs)
=ian (1 bizy

MACRD-1E reftorn® 2 vdlue of the appropriate sisse and precision vila ang
oE tae  flaatisg-poiznt directivea. The wsluez rekurned may  bo
truncated cr raunded i(see Sackice G6.20.

Floating-point numbeore  are pormaziy  counded. That t=, when a
[ioakbing=paint numbor. exceeds - the 1imits of the Fleld in which it dis
te og stoced, the Gigh-ceder it of the anretained wosd 2 zddad o
Ehe  luwrepeder Rit 2f the retsined ward, w8 shown below.  For oxample,
:F the nuabar is to Be stored in a $-word fdsld, bul mare tham 32 bibs
are  #Acededl Lo eREpress ibs exact value, toe hdghest bit (327 of the

a-2hb
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paretained field is added zo ehe leael =ignificanlt bic 10y oF  the
retalned Fileld (see 1llugtracliaon Delowdl, The ERERL FPT direckjwe by
pged fa apable Floating=noint  Roofcanion LOSERE FPY is- ussd ko
retubn o floating—Hoint counding (sSee Tadle 643, .

Llt Bt iz Bk
32 S0 3% % 0.

LG Upfotained
Field fialic

Bobke that oll pupevle opgeends. sgsociated  with Floating Poink
Processor  instrecticns aryg aatowmatically  evaloated .as single—word,
dgecimal, Floaring-point walnes aniess & Leaporary radix  cantrol
pporatar 15 specified, fur exampliz, to add {floating} thke octai
congtant 41040 to the contérta of floating sccoemalator =zero,  Lhe
following instructinn mast be used: o

EO0OF Fueliogi,ra

where: Fd 33 assamed to repregent fdioating scoumaiaior ZT£ID.

Floating-point nusbera Jre Suescribed in  greater sdetatl in the
applicable POFP-11 Progouser Handibpor. -

G.0. 2.2 TeMpOCALy 'Humarir., Control : Opergtors:. "0, apd CF. - the | TC
unAary Copsraton cdliows yoil e apec1f& RO arunEnL ‘thiat ds o be
toupieperiod as it e evalnatad Aueinn.: “asgesbliy. - The TF unacy

operaibr callows you o apaeify  anoargonest Cooslskbing of @ Ieword:

IlbaEihgwpuint.muh P .

K& with Ehe radiy’ ,nntfnl ﬂpefatnia ﬁba;cibéﬂ &bnuw;' the Unuselic
contrgl- nizleuttﬂx £ man be oied &h;ﬂkhnw in Ebig Fhuber Prodramn that
an expressisn ysiue L. Vegsai.  Surh-a - copshioetich. is vaivEted o by

MACRO-:1 mg. & l6=3it binacy valie befare being complamenten. Fof.

qxﬂﬂplu. tha fb]lnﬂlng ELﬂ*Emcn .- .

raG4r LpoRp . fcislc . ' L

sauses the 1'm "ﬂmplanant af the ﬁdlﬂa 181 ectall ta he gtﬂrnﬂ ans &
LE=~bit walwe An hh Frngnnh- The eebudting value expresasd in votal
form 1e 17762816, o

e oo e
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Becanae the " construction i a Whary operabuc, the operatar and  iie
argument atrse regarded BE x bterm.  ‘Whaa, more than one unary apsrater
may ke applisd re a single bzrm. For  exazple, ke fzllowing
congtruction:

TCTDEE

cagtsas BEne decimal valoe 25 Lz be complezenced during  assembliy., The
regultinyg  binacy wvalue, when expresses In ogkal focm, Eeduoes to
1774 taceal

Tha term oreatsd through Ehe wse of  bthe kezpocrary nemeric comtrel
operator thus becomes an  entity  that  osn be  uzed alene or 1o
compinscion with other expression alanehsis. Far Examlgle, Lhe
Fallow g conatiruckiond

“n2+h
1% cq:iuq]cﬁt in Fubkckian kEas
L

Thiz expreasicn ie evaluvated during assamply ns thes l's conplament ol
I, plus  the abfobute value o b, When these terms zre oonbrined; the
resulting expressios  enlee  gensrates  a  catry  bevond tie mst
significant bit, loaving CLLUO2(E; as the reduced walue.

As shawn anove, wher the kesporacy wumeric rcectral  apetabtor and Lkn
argusent are coded BE & tetm within an expression, angie hrackets
ghaould be used as deliziters ta easure preclse evaluation =nd
readability. ' :

MACRO-L]1 giseg suppofrd 4 nary operater foar nomeric oontial  which
allows YE La gpiee LEy an arqument coneisting ¢f & l-word
fioating=goint Aombér. Far example, tha following siatezent:

o MO F7F1.7,RD

croates & lewoed flowtlog-point acmber at locatico A+2 fontaining . Ehe
valua 3.7 tormascted as shaown below. :

B19 15 13 7 b 1]
5

Plgn Jakt 15} Zumarent (blea 14-7) Mantiasa (bits -0}

“EEEELEL MMM

E-28
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$.5 LOCATIOR COUNTER COKTROL OIRECTIVES

Tne direccives usod it controlling Bhe value of the Current - location
zounter and im cEscrviug =torage sSpace  in the object program are
deacribed in the following secklong.

In thls connecticn, it should  be - g2ted  that sSeveral MBCRO-11
stateoments @y cavse an odd number .of bSytes o be allocated, as liskes
Lelow: - : . : -

1. .BYEE directive
2. LBLEE Etrazti}e
3. .aBCIE cor .EEEIE direotive
4, 00D directive

L, & dlrect-assignment statemsnt ol the form .=.Faxpression,
which reduiie En the assignment of an odd adér=es valua.

In cases that yi?ld an Gdd sddresm  valws, the mnast wosd-boondaried
inatruction adktomatically forces the location counter  ©9 an eveh
valoe, buk that instruciicn is Tlegyed with an etecor code (B) in khe
assentty listing. .

g.5%, L .EBVEW Dir=ctive

Fhe EVEW directive on=ures that Lhe current locatisom countar contalos
ar even value by adding L 0 the curceat walues i odd. T The ouprent
lesatlon counger iz already even, oo action ls ° taken. Any opotrands
Follewing an EVEWN directive zre flagged with an ervor code [§3) in the
d¢anmbly listimg.

T'he .EVER disective 1z wged 22 follows:

LASCLE  STHIS IS o EEST/

EVEE :ENSTRES THat THY WEAT STATEMENT WILL
‘EEGIN 0N & WOAD BOUNDRERY,

JWOHD XYE

f.3.2 OO0 Diteative

The OO0 directive ensures thab the current location counter  contalne
az add value.by adding 1 if the. cdrrent vwalue f5 even. I1E the curtest
Tacuation counter is alceady odd, no action” 1= taken.  Any opernands
Follewing an JODD directive are alsa Flagged with an error code () in
tne assombly Distlng.

a=2%
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6.3,7 .BLEE and .BLEW Dicectives

Blocka of sbtocage fan be rescrwved in the ehiecs gragram by  meang  of
the L.BLKE and .ALEW directives. The JBLEB directive iz uwaed to
regerwe ovioe blecks: simikierly, bkae  JBLEW  direckiwve  cescrweos warnd
nicora. The Lwa dilrestives arse oF bBhe fagnr

. BL¥R & X
CBLEW  axp

whurg: 2R resresents the specified number ~+f bytes or wards
bo be reserved i the objeck pragrawm. IE e
srgument is presont, a default  valae of 1 is
AkBumed. Toese dicectives shauld net  be ueed
without acgomencza. aoy expraegaion Lhaak is
conplebn]y n=flped &t assempaly=tise and that
redgues tooan susaioke Yalue  is iceal. Tf the
cxpression specified in eicher of these directives
12 not an absclube value, bhe statement is Llagged
wikth an ercor code [(A) 1n bRhe assambly 1isting.

Eigure h-% illusiratesa the zae of tie JBLEE and . BLKW direcbiwves.

L\BE GARQRS JPAECT [HARE, G

[&7 AFEAGRA PASIpY L ELMe L phast FlLan

164 PREXT GAQUS WAT ATLEY TLGETHES
iBY REERQZ HPAECT THF2als, [, GHL

i¥a AnEBAR ArEEdL ey B K E FRTHMRGL ELCURUL TR

171 BABHEY MIDEL] tMoDE/PLAGE BYTE

LTE aALAAE FLAZ9gd ,ALKH i [

177 ed200a% ’ ATLTIREY LB &6 1 rEYEEL SEXPHESSTON - TYFE

174 pRARAL WLLLUEEE B um 1 FELPRESSION WALLE

175 PadBjS ETLLYLEY BLaN 1 FRELOCATIGN LEVEL

178 ABPARL JRERT MAEYuTmus miyuBOLasss

1¥r BLEH §

|4 2L %D®

179

1@ RQadza CLLNAME S, B F FEVRFEST LQUaTFIdlN CCOUNTEA NaKE
i POAXZ4 LLEFGS o BLUE 1 1

182 Lppags CLLEEC 1, Bl<R L i

1673 guades ELELACEY  BlL=K H ¥

A4 AEAA A CLOFLE e AL n L JEMa AF GADLRED paTe

185 FaO@l2 FHRFKT L, GLEw s ICHAAASTEA FOINTER

VBB ARBAIL AYHEEG] ¢ 2LEnR L PPRISTER T MTART 0OF &ywdd|
1A BEDAYR EWDE L)) ML L r

98 ARBARRN JPRELT

Figure 6«6 IZgample of ,PLED and .BLEW Dlrectivac
The LBLES direcclive dn 2 2outce orogran has Ehe  seame 2ffect sz the
Frllawitny sltakemonks
R LTS
which cacaszs the valoe of the expreasion to be added to the corrent
Vwylioe of the loesrlon  counter. The JBLEB dirsctive, khowsewerp, la

eaziar ko isterpret dn koe conbéexk of bhe =oarce caode in which it
ApRears and 15 thersfoos recosieioed .

b3
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E.b TERMINATING QIHEETI?EE

b.6.]l LJERD Direckive

The .END dircctive indicstes the lodica eod of the scuroe iﬁyut, and
Lakes the folilowlng Fog:
JEND CIp . . - ;.
where: CERp representa an oplional expression welue which, LF
predenk, iedicates the opggras=onboy poins, L.g..
the: breanaféer adareds at whaich pocgoor swccoution is
to begin.

Wnen MACROD-1i encountecs a velid accutrenge of the _EWD dlrcofive, %
Eerminates the current assesbly pas$. &ny additional text beycnd this
Foinkt in the current source file, s weil as in additicpnal aource
files idenzifled in the comagnd bine, wiil ba 1lgoayed. .

When creating an image - ponsistitig of seweral cbjeck meodules, only cne
chject module may be ferminated with an END exp Btatement epecliving
tLhe starting addrezes. A1l atker aobject modul=ss pualk. be bermingkod
with an .EMR Stratement witchowi -2n addregs argqumesnt; obheswiese, 4
diagrocatlic mezsage will bhe  fasosd  Ac 1isk tioe, If na starting
addrevy  is . spocified -in :any of the object modules, image execwiien
will begin aft locatisn 1.9 the image and - idmedlagely fault bacanze of
an o&d addressing Biror. T . S

Tha EMO skabkoment muEE ok ba Sl wicthie o o3 - fl@=den cmEpAnkian cac >
condltighgsl -asseshiy blocz:  LF it 18 ¢o used, Lt 15 Tlagged witn . an
error ocode {2 in the assembly liftimg. The (BHE ostacement mavy ke
pseZ, however, ip . an lmmedlace canditlonal atetemenlt (See Backlon
B.lD.2). ) . .

If tho Seurce program inpust -is Dot terminated with an EHD dlrective,
an oo aude {0} resoults in the assembv listina.

6. E.2 LJEOT Btrettiu¢.

Ltider RSH~L1, ®P-1l, and 1IR3 - epctating systems, . the HACRO-E1 L BO
ditective is ignored ang simRply treated as a Wdireczive withouro efiectk,
i.e<y 2% & Oo—op.

E.7 PR{M:RAM BOUHDABTES DIRECTIVE: LLEIMIT

Tt is cftﬁn gesfirabla to tnow Ebe gppis and iowse  adirois  bauncaries
sf  khe - 1Eage. When the JGIKIT discctive is specified in the source
progeam, MATHO-13 effectively generztes the following instcoctlion:

- HLEW A
cEusing two etarege wacrds Lo be reasrwvsd in okhe ablect wodele.  Latner,
at link Gtime, %he Zoweak addeess La Lhe load igage 12 lesected feto

the firgk reserved ward, snd  Loe  address of the First  fFrop  word
followlng the image 1z daserted loto the Second rsapcwved wopd.

Dorimg linxing, the s{ize of the imagre ir tovnded upward to che nearest
d-word boundary.

-3l
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Tar A u}HnUAHint ¢f memory allocatiom and mwapping, refet to the
appricanle sayeatem maneal {(zes Bectien Jd.3 in the Preface:.

6.6 PrOGRAR SECTIONING GIRECTIVES

Tne MACHI-1l program sccrioniny directlves zre used to declare " namss
tue pragram  sectionz and to estahlish cerkain progran a2ectico
attributas essenktial to the linking proceszsing.

t.8.]1 LPHECT Dicectiva

The .BEECT directive allasws abeolote contral over the ThETND LY
allocatisn of & program at 1ink time, because any progras atboibubes

eatablished through this dicgetive are padsed ko the linker.

For esample, iF¥ you are wrltino progoams Ffor e sulti-uvser enviraonmeat,
& prog-am gecktion containing pure  ende (Inetruciiona only) eor o a
prooram secgbion containing impure cods (data end §sstructiona) may De
erplicitly declared chrowgh the (PEECT directive., Furtheemocs, these
prograz sactions may be explicliiy declared a5 Iead=only  code,
qualifyinmg them for use as probogted, cesntbEn: pLoagrams.

The adrvantages galned through sectiesing peograas in Lhise manner
thprelore reiate primacily  to oontrol of somocy ellocation, program
mepdularicy, and more effective partitioning of momosy. BReler bo  Lhe
apolicahle system mangal for a discussion of memary allocaticr [dee
Sectien U.3 ln tone Frelace).

e JPSRCT Jirectiwe i5 [orwmatted ga foilows:

LBEECT mame.argli.argid, .. -orgn

where: Ak regresente  khe aSymbolic name of tho FrEdrg L A
seccion, as doscribed in Tanle 4-3,
' teprecents any legal ssparakor {gomme, tal  andfor
spana) .
acgl, CUpresant one  or moge  9fF the legal symbknlic
argd,... arquments defined Fay uge wilkh the PEECT
arjn directive, as describgd 1n Table B-3. Tre =lash
sepatabting each pale af aymbollce argurents listed

in the tunle indicares that the e apcional
scgumenta &pe meklally exclasive, iie., one or the
abher, Lot net both, may be apacified. Mulripia
arguments must bBe Scparated by s legal zevarating
character, Any symbalic afgument 2pecified in the
CPETCT Girectivwe other than bhose Llisted Ln Table
=3 will cause that statement £ be  Flagaed with
iy arret code {A) in the asfemnly llsting.

p=32
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TE Tahle £-3
Symbolic Acgumen=s of .#SECT Directlve

hrgument Delsult Meaniog

— e

- ARND ' Blaonk Ectawnlishes the program seetiop name,
) i wnich ia  epeclfied as ooe ta 2ix
: Radiu-50 characters. If +thie argumenc
i v be cadltted, 3 comma must aogear In place
: i of fhe - name parameter. The Basdix-50
‘  rcharacter set iz ligted in Section b, 2
‘ . of AppeEndixz A.
I
1

ROARW B i Defines whilch type of ALTO LS iz
|' permitted to Ehe pragram aection:
1
= i I a0=Resd-Cnly Accoss
gt . : i FW=Read/Writs Accers
H i i
; | . HOTE
i i
: | : 85 and BSX-110 set  hardware
| | [ pEatecLion for RO progcam
| | | sectlone,. RSEZ-11M and RT=11 40
! i not geavide auch prolaction.
I i
o R 4 v 1 ! D ffrela b the proqram sect Lon as
. " contalining <itheer insecuctions (I} ©F
P , itata (B). Yhe=se artriootes allow  the
[ P linker to differsntiate global syabols
| [ i rhat B A oFLan entTy=prin:
| i | dngtructions (IFY feoex thoze Lhat are
[ i | date wvaluwes {0).
. GBLALCL LiCL | UefFines <%he gcope  of the  program
: I gection, as fobdequently intecoreted at
[ i licx time,
;5""". i H
i i Ir: guildaing . single-segment noncverlaid
program=, the GBEL/LOL acgomerbd havs o
me:Ep i,  because tha total CLE b &

o gllazztian Far Lhe program will oo into
| Lthe oot segeent of  khe lmage. The
. : ' ‘ GEL/LEL "argurents apply only in bo2 caae
i of et lava.

1

|

H

If an obiject wmeduie ecntaine a  local

Tex o A sectlan, then the Htotesge

- allagation foe chat modele will  oocoy
within The sSegmak in which the medolas

! resides. %any modoies can  reference
I thig - samg progesr zeciion, and  the
¢ omemory allocakien for sackh moduele  is
eicher concatenated or overlaid within
the zeqment, depending an  bme  argument
ol the program section [-PSECE) delining

- [T Te—

jcontinued on nest pagsy

e e ——— — —— e e -
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GEHERAL RLSEMBLER DIRECTEVER

Tanla =3 {Tonbk.)

Syrbalie hrgumonts of (BPERCT dliractive

vefault

s s s g e 8 ey P, 8

LBL S LCL
jeonttdl

ARSI REL

Lk

FEL

e ) RS N % LA LA R e . L

Meaninag

its allocation reguirecentzs (gan COIADOVR
hetiow!. T an eiject medale containa &
glokal | LEDGLAT sk o, the
contriouiions ko bBnis program  Section
Ate colleonted across segrant Doonderies,
and the nllocation cf  zemary  Or thai
sepctivn will o inko the gegment nearest
Ehe rook in which khe Flrst contribucicn
e khls prodrarn zoeetion appeaced. [(Lhe
term contribubion ixplies an allocation
al mewagy &g the program =ction. '

Oefines the relocatakility aktribute of
the progras secklon:

hBH=Rbsoluks  (mun-relpcataklal, Wh=r
tha AZE  srgument is specitred, eho
pprgrar @sckbicn is ceqgarded at Tink
time =32 &n  assolebks aodulz, thus
teguiting i1+ Pi o s i, The
praarss seoticn I8 &psemhled =nd
lpaded, starting at absslote wicrtaaa
aidress (0,

The locskickn of data in abhsplche
pregeam sections mast  fall witzin
thre wirtupl omerosry Jlimlta of  kue
dagment. cortainiag ke praoran
BspcEion; okharwise, AN OC LK
rezula &% link time. For exanple,
the following code, although walld
at durivg BESexSiy, Ay ganocabe an
arrol measdsde iF wirtual locastion
20500 la woutside the segment's
virkum] addiess spaca:

SEREDT alFHE 4B
» = u L L0000
« W0 X

The abouve codipg assembles ooopernly,
bek  the rosslbing 17ad addéceas mav
be outslde the fesucctive  segrentk’s
nndaries. In aush cases, Eie
lizker recogoizes chis a8 an attemak
tc load data cutsnide the image and
rezpgnds with an ervor mesaage.

Rob=Lelodatalla, whe s the RilL
argueent is specified, Lthe linker
zalculates a relocalbion Lkiss  and
E:Ti Feked it tr all zeleraneces Lo
lacationz within the Ltegram
gection, Jl.oa., all rgfersnces to the
pragr=m TR Fa TS M e T g a
reiacabion higs added o them te
Mak: ERng ahsaiote.,

H-ad

Llpntinued on nexk pduéj

—

N

e o SR G | gy ——— — v ——— o — o &



p.

GENERAL ASHEMBLER OIRECTIVES

. Taple 6-3 [Cont.)
Synbelic Arguments of PSECT Dicackive

| .

Arguasnt | Default Mraning

e N N L LR b C— —

oW AOVER b WL Defires the allocabkion  requirements of

' the program saeTion:

i .

{ CON=Concatenated. All  prograd . seckicn
conkrisukEicons are o be ooncatonated
with othar references o this zams
PIOTI &3 Fa0% iun in  order b

| Cdmteralne Ehe Labal MEMTY

i allocarice © ceguirviment Tor . this
orogratk suebtion,

S N

S S ——

OV R=Ouerlaid. Al1 BEagLan srutian
Thusa, the toctal Allovcat 0w

‘ ' ©ormindrenent - For Ehe progrem section
! } : ig-egual o the largeat allecation
| - | reguast nade by any o individual
! .
|
B A

1

1

!

coptributisne sro o Bs ovoelsdd, ‘
!

i

! contribubioh ra - this prageam
i sectizn.
| S R ki i e —

The ably srgument in the PEEST direckiwe that iz goasitlon-dependent
is HaME. If it in Gmitsed. & comada must be uEed in ith placc. Foro
pxample, the directive:
BESECT  ,GBL

shaowe a . PHBCT directive with o "Slank neme arguoent  and  the GBEL
Argugait. Dafaclt waluae (ses Table 6-37 arn asgumed Tor all other
unspecificd arquments,
Once the attribukes of & progeam @ecxzlon are daclared throush a (BRECT
Airectiive, MACA0=11 p@mgmes bhat Ehese a%tribates rdmaln in effest for
ail subdeguent .BEELT Airectivos of the same name that are encountered
wWwithln the aadule, :
MACRO=1]1 pipavidez (or 230010} program sections, a4 listad boldwt

1. One defanlt abswluke proagram séckion j. ABLH.)

2. DOne defanlt unnamed relacabable pragram speolian

3. Two=hundred-Lfifty-four named program sechians,
The JFSECY directive enablsas tha wior koo

1. {reate progeam sactiong (moe Sechicn 6.8.1.1%F

2. Share cofe and data ameng  program asctioneg  {gse Seciion
B.a,1.2).




GENERAL AGEEMALER DIRKCTIYHS

Foab gach proggam Section specifisd or iwmplied, #HAURC—]] maintzina Lhe
Lol lowing infarmatian:

h ]

4. FProgiam Section name
2. dernkants of Lthe currenkt locatlorn cownkar
3. HMaximam :ocailon coutbksr value encocubbered

4, Preogram seckbine atbeibates, l.e., khe o PSEUT arguamen-a
deacribed in Tahls e-1 ahove,

B.d.1l.t LCreating ¥Program Seckions - MACHCS-11  antomaticaliv begins
gssembling Bource  2tatemenlka at reiccatable zero &l the znnamed
programs secticon, i.e., the firec statsment of 3 aoirce progcam is
always ar ifmpilied .PEEAUY direclkive.

The Elrak cocurrence of 2 (FI3ECT dicccsive with 4 given nasme  as5s50mRs
that the carrent leecation couwnter iz zet at relocatable zero,. The
soope of this dirvective then sxbkencs onkil a directive declacing a
different program secrtion is gpecified. Further gocubrenceg of &
oragrss  Section name  in  subaaquent  LPSECT s2tatesents cadse bRa
Fesumpeion  of  asaenbly  where  fhat  soction gravieasly ended.,  Tor
GERrpie

< EREOT JUECLARTS ANARMED RELLCAETABLE Z30GRAM
i HJERD ] FRECTION RSSEMRLED AT RELOCATALLE
B < HORR i ranpRLSSEs 0, I, BAHD 4,
C:  WORL o

LESECT ALFHA FOECEARES RELATERLE PROMIEAM STCTECH
A: AR o THLGHED ALPOR ASSCMSLED MRT EZLOCATABLE
e L WORO L1 FADTAESSERES 4O AND X,

FRECT FEETUENS TO UNKARMED RLOCATAEBLE
L - HLA R 1l SPROGGRAM SECTIOR &AND COMTINUEE ASSER-

1ELY AT BELOCATARLE ADDRESS b.

A given program seckcion may e defined completely upon encounlering
irs firgt .PEFLIT directive. Theregafter, the seckhion con be relersnced
by epecifving dite uwame only, of by compiately  tegpecellyiog  its
atbkribubos. For  arxaapls, a progrem sochtion cen bo doglarod thoaugh
Lhe dlbecibiwe:

LEPRECT  HLPEABRRUVE
ane fater referenced chrovgh the equivalent divectiws:
PSEDL ALPHEA
which reguires no argumenrcik.
By maintainiag separate location counters for each program  saclilon,
MACRO-11  allowe  the uear bo welte atabessnks dhat pre ook pryaleoally

L‘::‘:.:‘z'“i-gl,.u,ul_'.ﬂ wlikhin Ehe: progzam,. ot Shat can o Taoadoed contiguousiy
fellowing asseshly, a8 Shvwn i bhe following cxamole,

e ——— — L —— ——— W W R R R B Al s e oo e e e s e e s s 5 o n e mn . n
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GENERAL ASSEMBLER DIRECTIVES

LEEECT SHEGL,HAL RO ISTART & HELOCAYVARLE FROGRAM SECTION
bz oo 4 THRAMED SEC] ASEHMBLED AT RELOCATABLE
E: MOBD D sAODRESSES O, 2, AHD 4.

C: IR T .
AT Ch & FASBEMELE COPRE AT RELOCATAOLE

ELR B tADDSEESEE. & THROUGH 1Z.

CLR C

PEECT  SECHR, MBS FSEART AN ARSCLUTE PREOGRAM SBEOTION

. ENMAMED SeCh,  ASSZEMRLE CODE AT

JHGERD LI LA tBBECEGTE AODRESAEY @ ANMD 2. )

SPEECT SRCL sPASUME RELOCATRARLE PROGRAM SECTLOR

THS A :5ECL.  RSSEMGLE CO0F AT RELMCATABLE

ER &T BODHESAES 14 AND 16.

nl; labele in ain absolubs progeam sectlon are absoluter . iikewiee, slk
Fabpls in & reldocatabple section atre relocatanle. The euesent locakicn
counksr avosol {.) 15 alse felocakable or-abeolute when rofecenced  in
4 relapatabie or absolute program séckion, tegpectively.

Loy labols appsariag on a line wootsbinieg a  JFSECT  {or (ASECT or
JOEBCTY directive are asgeigned  the cwvalus  of the current locatios
sounter before the ,PSEST {or otbher] Jdirective takss affeck. Thus, if
the firak atstement of a peagram (e .

A1 (ESECT  ALT,REL

the lakal i aszigqned Lo relocatable address zero af the ornaned (00
nlank] prngtam socklod.

I i nnt wnown during aszsesbly where relocataBle program aectlians

will bo . leaged, thereforz all caferonees Balwesn relocataple Sectlons

in a single asganmbly are translated by MACRG-1ll te referencez relative
to khe naze of the rgFfererced geckion. Thus, ¥ACORO-11 praovides the
JinEar wich the MECESERTY inforzation to resolve the linkagoee heilwesen
various proegras gectinons. Such infacmabtlon 13 not necessarcy, bowsVer,
when refererclng an 2beolute prograsm section, becapae all inetruckions
im an abspiute proctam seckion are assvcidted with an abeoluze virtual
Address.

ir the foilowing example, Tcferspoee Lo the symbols - X and - ¥ are
translated inko. ceferenves telative to the bzae 2f the relocatable
progras seckion named SHEH.

. PSECT ERT AES

L 100G : -
¥ CLE b1 PREEEMBEED AS CLE -BABE OF
fBELOCATABLE SECTINER + 0.
JHE T PASEEMIF-ED AX JMP BASH Q¥

PAELOCATARLE SECTION ~ 6.
LASECT SER,REL

MO HG, &1

JHE A PASSEHBLED AS JMP 14090,
i SALT
i LKORD 4

HOTE

In the preceding ezample, using & condcanl  in conjumctbion
widh the cucrent location counht=r syebol (W) in the foeom
J=lidl weuld resualt in i Orroi, haecalsse CTonsTants Are
always abeolule and arz always essociabed with the program'sz
LABECT (. ABS.). If the form =100 were upsed, a progras
gection  incempetibillty would be detented. See Sectlon 1.6
for a discussivn of the current incsticn cuuntar,

-3




GENERAL ASSEMBLEE DIBECTIVES

b.8.1.¢ Cods or Bata Sharing - #amed relccatable preoeram sectione
with thes arguwents GBL and OVWR opetace in the same zanner as FORTRAN
COMMWGN, j.2., program @ectlons of the same mame with the arguments SRL
and OYE Lfrom differeqr aszemblies are all lraded at the sawe location
at link tims. All other progran sectiora, i.4,., those with the
aroufent QOH, are concatenaked.

Aote that ne conflick exlsts  betwoen  internzl symbolic nanee  and
neogran asckicm names. i-e.¢ it 15 legal to use the same symbolinc azme
£oL bobth parposes. Considering FORTEAK zg=ln, uziog the same symbalic
name s oeoelssacy to accommodate the following stabéesmeont:

COMACW /2 B,B,C,%

woere ehe aymbol X reorusents blie bzee of the program aeckiom and slao
Eh=a Eaarth #lement of that seclLiosn.

F.G.1.3 #enugcy Ailecation Considerakions - The speambliers  doog  [oc
o ratse an ortor when a modole =nds at s odd locakior. This aollows
vou to place odd lengtr data at bhe end of 2 module. However, when
geveral modules contain nbjcet oode contributions to the same pEagras
accbicn having the ceocatenste akbtribuze (see Tahle -3, add  iongbn
mednles (exaept  the  last) may oz0ee Succoading medulss to be linked
stacting at  odd  Joeekiona,  therehy making  the linked nrogram
unexecutsble. Too awe.d this  probles, oode and date should be
geparated From osch cther and Be placed in ssparately named  progcam
gecbicha., This permits vhe linker teo automableally begin esch pooaram
septian on an 2ven addrese. Rafet &0 Ehe spollcabls system manual for
further information on memary allocakion of Sasks [(see Section 0.3 in
the Preface).

B.d.2 LABECT and (CSECT Direckives

Iag znd BEK-11 szaemaly~lepgesce programs use the L PYECT  and  CASEDT
divectives rcxelasively, sincs  L2e JPSECT directive peoavidos all the
Capabiiitias of the (CEETT direckive deflned Fayr  other FOP-i1
aagenlilers. MACHD=1: will socepl Batk (ASECT amd (CBECT dirwoctives,
bt asgembles them as thowoh bthey ware _PAECT dAirgeotives with  the
cefault  attribetes listed 12 Table 6-d. Alsa, comarpatibility exietas
becween sther MACREO-1L progeams  and  the TRERSK=11  Task Buiiders,
gince kthe respoctlye Task Brildscs recegnizse the (AS30T and JLEECT
civectlves fhat gppear in guch programs  and  likewiase  assion the
detadlt walues= listed in @able B—4£.

b= 55
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GEMERAL ASSEMBLER DIRECTIVES

Table -4
Han-IR3RESE-11 Pragram Secticn Default Valueos

e e e et e e e et et e e e —em e e e e ey
i Defpul: Vatoe' '
! Attribote -.:H&EEE 1 LCEECT Inamed? LOSEST [unnamedd)
| Name T kes b T same | Blans |
Acoeasz Hw E au ; Hi é
: P [
Tyma I i U é 1
seopa Bl | aml, I 1oL
! Bolprarion LBS i REL i REL
| Allpcatios ave D ! cou
Tre allawahle svntacticzal focas ﬁflthe LBSECT - ang JCBECT directivesy
SrE:
FEECT
. CSECT

LOCRECY daymbel

Mote that the statememni:
LC5ECT T JIn

iz identicni t4 che statement:
LPSECT  JIN,SEL,OVE

becavar whe CSECY default wvalues 3BL and OVE arc fgswned Tor the
named program seatlon.

.6 EYMBOL COMTROL DIRBCTIVE:  .GLOBEL

MACRD=11 produces a relocatakles oblect madules and a2 listing Elle
containing Lbe  gaeenbly lieting and symbhol table. - The lisker jolas
separately-assembled obiject modules lioto a =single -ezecutable  imoge.
During lircking, ohisct modules ate reloaated ag a prograrn function of
tne apecified base of the moduls. The oodizet sodulee ste then lioked
wia glabal symbola, such that a g9labal syebol In one oodiols, defined
pleher by a gicbal assignment operatoer (==}, 2 4lobel:  label obarator
f1:20, 9= +tho GLOBL &leective can be refersnced fcom anaethee sarule.
Thue, ali syrbols whichk will k¢ teferenced by other - program modules
must be sinoled out as glcbhal symbuly Lo the deidining modules.

“he .GLORL direstive Le provided Lo define {and thvue grovide linkage
o) Hesucls pol ciherwiae defined as globai svyEpels withim a moduls.
For exeeple, if the DSMBL GEL Eleective 1 in sffect (zee Section
o.d1, JAL0EL directives  ight e dineleded in & Aource program - oto
effect linkage to library coutlmes. For 2 globzl sysbol Jdefirition,
the directive .GLOBL A,B,.C is eguivalant ta:z

A=spyprassisin [or
B==gxpresszion (et
L==exXpressien (ox

tal- -l

=54
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GENERAL ABSEMELER DIRECTIVES

Thos, the general form of the GLOBL directive i=:

HALA8L syml,sy=Rd, .. 3VONR
where: syml, [epreaen:  legal syebolic
Bymd,... &ymbolz  are ageciflad,
9y o legel separator [consa, Spacc,

& .GLOBL
Field,

At the erd of gazembily pas2 1, MRCEC-11
syl iz dofined within the currenk proccam moedule or whether
sy=hol. a1l
mest ke Sed

alokal

it iz to ke trzated as  an
wiknln a

appear log
assembly mass
references.

In tha ¢xamplé bolow, A and B are entry-point symboels. The

irnchivn may alse embddy a

Hefer to
enaoling/dizacling of glokal

Iabal fipld

RXTaIna.l
Qiven  pEgran
or  tkey will be  asyumed to

references.

SEWE

debetgineg

Secrion G. 2 for =

whes multiple

chey sEe Scoaratad by oany

and/or tahl.

ancfor & oemment

wheoFher a giwan

internal symbols
Lrned gt Ehoe pod of
be defanlt glokal

Gegorinh ion el

aymboel A&

has Ppeen explicitly defined a5 a glabkal symeal by msans af the GLOBL

directire,
label

fglobal)

ELRE T TR T ]

PSEST
L GLIRZ,
g iRy
MO
a1 JEE
RT3
i1 L WIS
oLE
Ak

Fxternal zymbcls can appear
MACEO-11 ditecklée a2 &

b1 dave:

CLE
« WOHEAD
LIk

by mezns
dellned g a label wiihin Eke cureent
Felepsnee LF (EMADL GEL fo inm =f{ocoh.

and the symbcol B8 haa been explicitly defilned ae a

fithe Bince
gespmibly .

of the double colan

gl l
_l:lll': syablol © a1n nat
re ie  ax axternal

BHYIWE 4 SUBKOUTINE WITH 2 ENTEY POINTS WHICKE CALLY 4K
DATERNARL SUBROUTIANE

sDECLARS 'PHY UMNARED PROGEAM SECTION.

I DBEFINE & A5 A GLOSAL SYMBOL.
BiEST+, R0 (DEFINE ENIAY POIRT &,

Fi,RL

PL,C ;CRLL EXTEERENAL SURIOUTIKE .
s sDXIT.,

[B5)+, RJ :DEFLAE ENTAY POLNT B.

B

i

AT
EXT
HEXT

Txtwrnal symeols may @lso ARpPsaE 8% & cepa within

Shiwne Darlows

TLE
LR
ELLE

EXTHA
EXT-Z
BEXT+L {F1)

les the operand [ield of an ingiruection o
ficert eelerance, =3 akawn 1o the AR L

28| EKQEEEEiDH. an

It =hemid be nobad that an undefined extacnal symbol cannet be wasd in
Lhe evaloaticr: of a Glceect azaignisent ate=tement or as an atgument la a3

condlitional assepbly dliective

el

B — L LS L T L R Bl R S, T S el e

gee Secilong L1001 and 010,031,

TR e — —

T
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H.10 CORDITIONAL ASSEMBLY DIBECTIVES

ronditional sesembly directiwes allow you to inclede or azcluds blocks
af pource code durtnyg the assembly process, based on the evaluation of
seated condition  teste  within the bady of the program. This
capability allows several vatiztions of a program Lo De genscated from
the gamse sourco gxde.

g.1u.1 Conditisndl Aggembly Block Directivea: JIF, .ERDC

The general Eorm of o conditlonal agsembly hlock is sz follows:

.TF cond,arqument {s) $START COBOITIONAL ASSEMELY SLOCK.
FAnGge PRAKGE OF CONDITIONAL ASSEMALY BLOCE.
,Eﬁn: rEME OF CORDITICKRAL ASSEMSLY BLOCK.

where! congd represents a spetlfled agndivion khak muzk be 3ot
. it the block i5 tec he incleded in the assesbly.
The eanditione +that way La tested by khe

conditional asesepbnly directives are defined in

Tabkle G5,
' tegresents any kogal Sseparator (cumiks,  Space,
aradSpE tabl .
arcum:neial repEssent {8} thsa symbali¢c . argumentis; O
expression(s) wof the epecified conditional test.
Thega argumenkts &re thue a fonction  uf Lhe

specifled condition o ba tested (sse Yable €-51.

rangs rapresents tho body of code that 18 eivher
ipeiuGed in the: ascosbly of- excluded, depending
npon ghethar the specificd conditlon is met.

ol lals rerminates the eondicional assewhily wlack. This
directiwe muzt be present to end the condilional
assepnly kbloack.

A condliiion test other than those listed ia Table &-3, ap  illegal
srgument, 9r a nuli argument specified in 4n IF directive couses that
line to be Flagged with am e@ryer aode- (A% dn. bhe ‘3esemnly listing.

Tekle -5
fegal Condition Tests for Condlticnal Assembly Direvtlves

[ . - - e e .
; Conditions ! : |
— ; R — — i :
! positlve | Complement E AIFLBERLS {  hosemble Blogk If: |

! H ———— ] e s B

i |
! =R : HE | Expressian ! Expteasion is oqual oo O
| i | (ot not egqual ko ).
| =T : LE |- Cxpressiosn : Expreaslon is greut@r!
! i © than & lor less than ar |
B | ¢ edqual to U, !

i e e e e R S B B S R



GENERAS NASEMELER DIRECTIVER

Table =% {Conk, ]

Legay wondition Tescs for Comditional Asseombly Directives

Conélbices ! -1
I | 1
Posiklve (Eﬂxplﬁmant | Argqumentcs Aazanbly Block TE: |
o _— B - :
i i 1 . ' . -
LT i LE Exprannian Expression is less than 0 .
) _ [¢r greataer than or egqnal
i i . ku 2. i
| " . |
LF . HTE i Evmbolic Symbol iw definsd (or nok
: ) argumeant i dafined).
i
E i [ hE] I Matru-rype Lrgument i= blank [or
| I aryament non-blank).
|
Dy | DIf Iwo macro—Lype o Rrguments  aeo identisal
| argumsints : for differentl. | o
. _ : . 5
: 1 | i Fxpresgian | Eaye as EQ/KD.
{ [+ i s Expreasign ‘ Cape as GTTT.
EO b e _ - .- - A
FOTE

A mactactype argusent {which iz & form of symoolic
YrgumeEnT, SE  Showi  DJelow, 15 encloged withla
andin brackers or Jdenoted wikh amni =3 F Dy
copstructian {ag descriced in Sectian ¥.3.1).

_ : CALE,C
- . AT

An example of a3 condlblonal geaemnbly diractive Follows:

-

LIT 20 ALPEHS HL :EEEEEBLE BTOCKE TP alLPHa-I=0G.
B 1]
ThE'FHE coerakars & and } have special meaning wichin DF and TWOF
cundlnifnt, io bhat Ehey are allicwed in grouplng eymballe argemenths,
Lk nogical AND aneracar
L Lpgical ioclusive DA operator
Fay exaxpio, the cenditional assermbly stabeisnt:
SEE DR OBYRI 5 SYKE
. EHOC

reguite n the assembly of the comditionsl olock LE che . Symbols  5YML

arrgd BYWE are hoth definsd.

o gy g s By o R P ) N L L T S N S S B N R O S B B P - B [ e— e e e e e e
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GEMERLL AGCEMBLER DIRECEIVES

Hested conditional directives take the form:

Canditional Aasdembly Divective
Conditional besembly Niractive

« EHLC
- BHDE

For examnle, the following goaditional dirsctives:

+IF DF EYML
LIF DE O BYMZ

» BHRIC
.« BROC

can govern whether afeesbhly is to ogout,  Ia Ehe cxdsple akdve, iF Ehe
oktermast conditiun s unsetisfied, oo daepor level of aveluaticn of
nested goadiflionsl statomsnts within tie . program odcouarz,

cach conditional aszezhly block muat e terminated with an JENDC
dirgctiva, an LERDC directive encountered outside a conditionsl
aggembly blosk 1s flagaed wikh an arrar  gode 03] Ln cha  gagenbly
lirtlag. . -

MACRO-11l parmits a noeting  depth of  18{lU} copditiopmal assembly

lewvels. hny =torement that, attempte -to excead thiz neatling level
deptit i £lzgged with an exror-cods (O) tn tne aeserbiy listing,

6,10,2 Sabconditional Assembly Block Directives: LYIP¥, .IPT, .IBTFP

Subconditional directives may be placed witndn . conditional aAsdeanty
blocks o indlcste:

l. 7The assgwmbly of an alternate budf.uf codo when the condition
“af the hlock tests false.

Z. The azsesbly of & poR~cantiguous body of ocode within the
conditional assembly block, depending uvpan the resuelt of the
conditlonal btesat im entering the blaock.

1, The aneonditiopal assembiy of a kody of code within a
conditionai asaembly block.

The zubhconditicnal directrivea are dezeoribed in detaki in Table &-6.
If & subfangitional directiwe appeacs sotslde & condivtional sssemily
biock, gn &reob oode {0} 1a genorated in the assorbiy listiog.
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: GENERLL ASSEMBLER DIRBCTIVES

! Table &-B
Susconditional Sasemb:ly Tlmox Rircechives

- — e —— — o ¢ e 2 2 e e et e e . e

Subcondliional |
Oirgrh L 1 Furol Lo !

It the o¢omditicn tesktsd e entercing the
cronditional assesbiy block 1a  false, the cods
fobiowing this dicective, @nd costinuing up te the
nedk  occuttence nf a suboonditianal dlrecliwe or
ta the and of tkhe conditional assembly  biock, 1S
tg bhe ipcladed ln Lhe program,.

.IFF

1L the caordition tested ) E14 B entaring Lke
conditional azserbly  block  is kruwe,  bEhe  Code
failawling thla cicective, and continuwing up =0 Lhae
gext accutrence af a subconditional dircoctive o
ta the rid of Rhe corditional assembly  blagk, L=
to be ingladad ip toe CEogram.

STPE

IFIT © The eode Eallowing thif dloectlve, and contineing
up ko the soxt occurrence 9f o soboopditional
directive 6r to the end of the conditional
apsemhly biock, la wo be incloeded in The proegram,
regqatdless of the fesult of Lbe condition tested
vpon enk2ring the conditional assembly black.

b e ———

The iplied argument of & subconditional Jdirechive Ly Ehe condition
Lesk  apecified ogpon eatering the oerditidonal sssembly black, as
refivoted by the lslkial directive in the conditional coding cxamples
helow, Corditiopal or soocondizional directives in nested conditivoal
assembhly blocks aee nat evakpated 11 the grevioss (or ocoubtsr} condition
in the bhlack is5 709t satisfied. Exampias 3 and & below illustrake
neslad directives Ethat arte nit ovalvates Loeosdge ak previous
uneskieiied conditlonal coding.

EXBMPLE l: Resame thot synbol SYM io deflned.

JIF DE HEM P TEETE TRIULE, YW IS5 DEFIHELD. ASSEMELE
' THE EOTTORIEG CODE,

.IFFE i TESTEE TARLESE, JYEM IS DEFIMELD. DO HOT
. sASSEMELE THE FOLLOWIHG CUOLE.
. 1PY PTESTS TRIL. S¥M 15 DEFIWED. ASSEM-

. ;BLE WHE PFOLLOWLIHG CORE.

+1FIF tASSENETLE FOLLEING COOE O8000LITTOMN-
= :.E.L]:r“‘-l\. .

LEET JTESTE THUCE. 5YY IS5 LCEFINELR. ASSEM-
. ;ALE REMAIRDER oF COMLCITIOWAL ASSEM-
. BLY BLOCE,

BHLC
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EXEMFLE

EXAMELE

EXAMFLE

GEMERAL ASEEMBLEER DIRECTIVES

2: hesuse tnat syebol X is defined and that symbal Y (5 aot

telfined.
F oE OB : (TESTS THUE, BYMACOL X IS DETFINED,
IF GF ¥ TESTS FALSE, SYMBOL ® IS HOT DEFINED.
IFF o GFTESES TROE, S5YMaOL ¥ IE NOT DETINED,
. rAESEMELL CPHE POLICMING CONE.
,IﬁT fTESTS FLLSE, BE¥YMAOL ¥ I6 (GT DEPTIAED.
. Dl BT ASSEMBLE THE POLIOWING CODE.
+Eﬁnc
ERhc

3: Apsume thsk eymbol A is defined and that zvmbol B iz not

daflined.

LIE LE R I TESTS THUE. A I3 DEFLMEL.
[ASSEMBLE THE FOLLOWEERG TUDE,

HOW a Bl )

.IEF [TESTS FALSE. A IS DEFENEDR. L HOL
rASSNMALE THE FPOLLOWING CooE.

S Bi,RBd :

.15 HEOT o PHESTED DI TIOMAE BIHECTIVE IS HOT

. P EVALUNTED
« ENHDT
LENDD

4: Assume that svmbol % Q% rot Jefiood asd thet symbol % la

Aafdined.
“.IF BF 2 pESed PALSE. BYNBOL ¥ 1S5 mOT DEFIKED,
FO5 HOT ASSEMALE THEE FOLLOWIKG OOLE,
L DF¥ PNESTED CONMDTTIORAL DIRZCTIVE IS HOT
. 1EVALUATED,
.IFF ' MESTED SUBCOMDITIONAL DIRECTIVE IS
. ' TROT EVALOATED.
,EET THESTEL SUptowodTIoNAL OFRECTIVE TS
. 10T EVALUATELD.
ENTC
CENDO
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CENERAL RSSEMBLER BIRECTIVES

0.10.3 Tmgpediate Conditional Assesbiy Directiver L IEF

A Lmmediate pondicicnal  assembly directive provides a means  for
writing & l-line conditional aesembliy plock. In uaing this dlfective,
oo Eermimating (EWDC stabtemsnt i requlcasg, and t5e  copdition to be
Fastod s complebaly  expressed wikthin the line ocontaining rthe
ditgckbive, Imredizke conditional aepgembly directives ars of Ehe fopm:

AIF comd, arg, 3catemant
Whirbe: oend reprosanks ope of the legal condition tepty

Adefined Efor conditiocral asasmbly bBlocks in Table
b—3.

’ rapresonts Aany Gegel  gensratar [OGmm, GRATE,
andSoer kbabl .

aTIT tepres=ntz  the argument asaocliated wilklh . khe
trmediste conditional diveghive, iz, an
expreszion, sy=nalls sraumenh; ar M T o-=type
argument, as dessrib=d in Yakle 63,

' repraganks the separsker hotwesn tha  conditional
A gqunment A the Ghakbeoment Field- I %hm

precedlng arguRent L an =Apressicn, them a co=ma
Tust be used; ptherwise, & Ccaomme, Epace, abd/SoT
cab mey be uzed.

Btatesyent cepresants the cpecified statement tg be assembled
1f the condition is satisfied.

Por exsmple, the impmediatz cond:itionzal statement:

JILE OF FOQ, BES ALFPEHNL
qurerates the code

BELY ALPHA
if the sywzbol P00 is defined within the sonroe program.
As with the JiF diteczive. a condition teat other khan choee Ligsted in
Tabkle «<-%, an 1llegal argument, or & null arvoguwaent 2pecifled ip an
LEIE direckive peaulte in ap errvor code fA) In the assemiztye lioting,
6.10.4 PAL-11R Conditional Assembly Directiven
In ocrder Lo malntaln compacinility wiks prodcamns deveioped ohdar
PeL-11E, the following conditiconals repain permissible ander MACEO-1L.

Ib i sdvisable, howedyer, & develop Loburs pradramns oalng the Foeoset
Far MACRO=1: cosditional arsembiy dicectivas.

Biractive arqument s Azzemble Block if
SIFPE mr JIERG exXpression expression=0
JAPNE or L IFNE eADEaSaion BEDEES3EIA NOT egual O
LIFL or JiPL7Y eYpERAEIion - exXztressiandd
JIFG ar JIFLTE eXpression exaressiansd
LIFLE elnressSlan axpreaslon 1la < g =0
.IFOF avzballs argumenk gviebol 1a derlned
< I7MEE Eyitiel le argumsek smyinod 1l 14 wndefined

Thier vueles governbng these dlrechives aze Ehe sang as Fer Bhe MACED--LL
condicional assemily direetivos proviansly deseribed,

G-di
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MRCTHD DIRECTIVES

7.1 DEPIRING MACHOZ

*n assembly=language programming, 1t is often convemiant and Seairable
to generats a recurring ¢oding seguence by invoking a single statemenk
wichin the program. In agder to do :hisz, the deepired coding smeguence
iz first established with dummy arguments ae & macra defintiicn. Once
A macro has heen defined, a singie statoment calling the BC00 oY - name
with @& . ligk .of peal asrguments {replacieg the correspanding daduny
argumants ia  the dacro definition) - generaktes . the dJdesired coding
pequencs. This Eeguence i% cealied the smacro expanaion.

T.1.1 .BACRD Birective

Tha flret gtatement of a maceo dafinition must Bo & JBRORD directive.
This difvchide takea bthe Form: : .

iabei: CHACRT  names, duiiry argument lise
whete: - LAkl reprezents an optional statement .label.
Tame TORrocents thi prag: suiss-aRaiqned aymbolic name

of  the masea. This name may be any legel eyeabol
snd mavy b wumed az o label -pliowhere im the
PEQQESE. .

papresrnts  any  legel  ssparatar (ComRa, SpDaca,
andsor tabl,

damEy represents o nuEner 9f legsl sypools (gee 301030

argumsnt  that may sppear anvwhere in Lhe body OF the macra
ligk definition, even as a labal. Thess dumly symbhole

cafl he. used eleewhere in the progeam with o
gonflict af defindtion. HMultiple Z2ummy argumenks
spoetfied dn thiz direckicve may be separated oy
any legal zeparater. The datection af g Suplicpke
g emn 1llegal avaboi in a dumnmy acgument 1iet
cerminates the sces and capses an errar code to be
ganeratod.

A comment may follow the dumsy argunest 1ist o a (MACEC directive, @z
EROWn Dl

JMRCHD RBSE AE JOBESINES KACHD ARS WITH TWD ARGODMENTE.

T=1




MACED DIRBCTIWVES

BITE

Litkouygh it is lagal for a labal o gppear on a
AHACRY  Glrective, this practice 1s discooraged,
capecially in the Cage of nested NEC T
dafinitions, becaunse Invaiie Labela orp  Iahels
consteacked with the cancetenatlan character will
cauge the macts directilwve to be ignored. This may
result in  improper  kermlpakicon of  Ehe nTACTO
definilion. Thiz HOTE alxa apclied tTo (THEP,
IRPC, &nd (REPT.

T.1.¢  ENDE Sirectiuve

The Final statement of ewvery macro deficleion =sust be an - THDE
cditeative of the form:

« EHNOMN 1 i

wharea: Tame repregants an ﬂptibnél acgument Sunrifying  the
gyibaplic nawes of the macro being terminated by the
dicective, as shown in the following ezample:

EHT ;TERMINATES THE CURHENT
TMRSRD DEPINITION.

« BRI AED i TERENTHATEE THOE CURESHT
FMACED DEFINETTON WAMZS ARG,

It specified, fthe symbolic name in the ERDM sLakement musl matoh  the
r g Epecjfieﬁ in the gorreepoidlng JMACED direckive., Otheowise, the
etabzment iz [lagyed wibth aw ertor gods (A) in tha assembly listing

(see Apvendix DJ. In weither case, the corrent macrs éefinition is
terEinated. SpeclEying thg macro name in the .EM0M  atatemenl:  thos
permlte MACRO~-11 i datechk missiog PN ptatensnla (=14

improperly-nesied smere definitions.

The HWDM directive mway be Lollowsd by s comaent fleld, but must  not
crnkain & lakel, a5 ghows below:

SMACRD  TYPMSG MESSGE FTIPE & MEEZAGE,

JdSR L, TYPHES
« HORTY HEGEGE
- B+ FENG OF IYEFMSS MATCRG.

AT JENDM sUgbtenent cocdonbared by RACRO=11 ontside & macre  definiklon
i Flagged with an erroc eode {0 1n toe assesbly lisking (see
AppEnaix L. '
HOTES
1. Gabsls an .ENNA divectivesz are lgoorsd.

2. Illegal labels will cause the direciive
i be bypasaed,

-1
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KACED DIRECTIVES

t.E.1  LMEXIT Directive

The .MEXIT. dlrective may be. used to Lerminate a macrv axpansion balore
the ent of Ehé macro is encouitéred. This directive is alse jegal

. witkin repeat blocks &0k Sectlons 7.6 and 7.7). It 18 maat uaeful in

the context of nested nacres. The (MEXIT dicective derminates the
garcent macrc ae thomgh an JEWDM directive had bheeon  encounteced.
Using .the MEXLY directive bypasses Lthe oomplexities of nested
cotdletional dicectives amd. altarnate aszembly path%, as ahown 1in the
fallawing oXamalbsa:

~AALRD  ALTE W A.B

I0 EQ. W : (BTART COWDITICRAL ASSEMELY BLOCK,
JMEXIT [ PEBMINATE MACED EXFPANSION,

. ENDC END CORDITIONAL RSSEMELY BHLOCK.
_CHDN ' JNORMAL END OF MACRG.

Ccongidering the above macro, in an assemdly where bhe raal adgurent
for the dunmy symbol W is  egual ko’ gerc  {eee . Tabls B-5), the
coendirionsl blook would bBe asaembled, and the macro expganeion wonld he
terminated by the (MEXIT &lrective. When sacros are oested, o MEELIT
directive .causas an @xit to the nest higher lewvel .of mecce expanslon.

L LKMEXIT dlirectiwve encounkerved oueglde a mecro defimition 1% Fladgged
with an efrer =ade (0! ip the sssembly listipg. .

7.1.4 MACRD Definltlon Formareing

A form-Seod character uwsed witkhic a magra definltion .cauvses a  page
gjert Gurimg &de  assesbly of  the wacro detianltion. A page. ejecht,
kowever, i% not performed when the macro is axpanded.

Cuonverdely, whem the .PAGE direckive i3 specified within a macre
Aafinitien, it is igaorod dacing Ehe assenbly of the waccn defintbian,
but 2 poue edect ia performed when tha: macca 18 expanded.

7.2 CALLING KMACROE

& magren  Getdalcdion must be ostenllahed by ®Beans of the (MACEROD
diregeive (45¢ Section 7.1.1) before the sacro-can be expanded within
the saurce program. Maceo calls are of the general form:

label: namg real arquments
whearpo: label Tepresnnts an optional akatement label.
ST cepresents the name of the macro, as gpecified 1n

the .MLORD digsctive (see Section P.l.1),

o o o o oo oo .
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MACRGD DIRECTIVES

rea) LanTesent eymboiic ardarents witich replace
arguments Lhe  dummy argulsnts  specified in  the MACRO
girective. When multlple acgumente ace apscifiod,

they are zepacated hy any legal AepatAator.

Araumsaks ta the macro oell yvd  Ebreated ans
tharacter stringe whobBe :Sage is debtermined by the
macra  definition. Mote bhat MACRD-1L accepLe rhe
BSCLI walua of loewet-case alphabetic coharacters
whan .SNABL LC has besn Goacified.

WLER & mECED name i% the Same a3 & uger lebel, she appearance of the
eymbcl  dn the oporatoe Field desianates the aymbol as & macro call:
Enz zhpaacance of 1he symbol in the oporand field designates ik aa =
lebel, as zhnowh Delow:

L3S 1 NI TR0, KL 7ROS TS5 DEFIWEDR A5 A LABEL.
ER ARG JREN 1S CORGIDERED ™0 BE 4 LASEL.
HQE $4,ENT  LAR pABE IS5 & MACDL CALL.

1.2 ARGUMENES IM MACRO DEFINITICHS AND MALCOHO CALLS

Argumence withla a macee definition or macro cail ate separated from
cther azgutgnts by any of the legel separabing characzera deacribed bn
Secrtion 301,14,

Broro definitica argumgnts {dumey! ond macera cell arguments  fraall
necmally maintain a  strict sositlemal relationship. That ia, the
tirs:t real aigqumgnt in ® macra call carrespgnds with the Ffiret  dummy
arqument.  in g maces definition. 0Only the use of keyword acguments 1w
8 maced call gan override this corcespondence (3ee Section 7.3.4).

For example, the [ollewicg macie definition and iks  assgciated macro
expansion contaip mueikipgle arqumenea:

LMACRO  HEM &,B,C

REHN RLEHE,BETL 401,020
Ardumants which themzelves contain soparaticmg chatactecs myst  be
enciesed in paired angle brackerns, as shown above. Fou example, the
fgera cmlls

REW e Xorx, 444, WET
caudes the entice expreasian

MOW A
ta renlace all ecoulfcenves of the symbol & in che macre definmitioan.

#oal  argumenia within 2 macre call are copsidored to be character
strings snd are Greated as a single entity during the macro expensinn.

Tkl Ll L ™ i ' ms = . o h e ———— G T R g ——— - . e E . MR R
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MALRD LIRECTIVES

The up=atrow () copeEtructiose is pravided o allow angie brackets o
bt paszed as part 0f the argument. This cobatruction, for =rampls,
cowld have Been ufed ia the aboie madcd ¢all, az foliows:

REH TAEMON K BN ddd WY

cauaiss the antire chacacter atring <MO7 X,¥* Lo be pagsed 4B an
arquhent.

The Tilléawing macro calls
RENW P WEVT MOV XY,

howewsT, conkaing anly tws arduienie (#44 and WEV ROV K ¥/),  because
the up=arrow G2 & anary operakad {ses HSeorics 3.1.3) ard it is not
pracadad by an argumeitc separdtor. .

EE Bhown it the sRamples ahowve, spscen cean be  gaed- within  bracketed
acdusinl conetrugtions o Ineteade the leginiliey of such eipreEsiims,

V.31 HAacro Heeting

The nesting of gacros, where the ewpanaloen of gne mawio Cipciudes =
call t&  anothey, osuses one met OF  afgla  Biagkets ih the macro
defipition to Ba senoved from oh argueent with eaeh nasted call. The
dapth of festing allowad iz depemddedit upon the amount of dynamic
wpoRGEy ugad by the gource progran being aswombled.

T pagy an stgumeént containing iegal arjumeht deliniters to nestod
macraE, the argument in the msers defipleton Bhould be cmiiveed within
e set uf sngle brackets for sach devel of nesting, as shows Ae  the
cofiing  aeguenee Dglaw. It ahould be spobted that this sxbea aeet o
sngle Brackets for each level of neating iz reguited in tha  ®acol
definivicn, net ln the macro dall.

LMECED LEVETL LGML,DURSZ-
LEVELY =LUM1>
LEVELE <(DUMZ>

EMLE

JACHG  LEVRELE BuMi
11} 3

AR LU, w0

Ay RO, [RL]+
LEMDA :

& call to the LEVELD wacre, as shiown below; for okadole:
LEYTLE oMo W RO, MOV - b A

gausas the follewlag macea expanslon Lo oocurs

. ¥, RU
ADD $LU BL
Mo R, (RL; %
oy B2, RL
ADIDr . 10, Rl
By RO, (RLyt

=%




MACED DIRECTIVES

When macro definitions are nested, i.e., Wheh 3 macro deFlnitiom is
conlaised entirely within the definirlics of another macro, the inner
definition iy not a calleble macro ombtil the outer macro =as  been.
cailed and expanded. For peaaple, in the Fallewing codings

HAATIRE LVE ALS

CHECRD L2

« BT
FEEDOM

the LWl mzorc gannob be called aud expapded uatil Lhe E¥0 maceo  has
Fpap B0 inwowkad. Likewisge, aby sacre defined wlichin the LVE macea
definitien canput b2 called and expanded untkll IL¥2 has also  been
Lnsroked,

T.3.4 Gpeclal Characters in Macpo Arguments

AL arguleoht may include special characters whthoot enclaging them in a
bracketed construcklon if that argumesk dJues not contala epaces, tabe,
somizolong, of comfas. Por example, the macro definitian:

SMACRDL POSH SRS

LIS A - 5P
L B0
PR K+3[%2]

causes the Lollowing code to he wenorated:

Mo A+1dwiy,={5P)

F.8.} Pazaing Humeric Arguments as Symbols

When macro argumenis &fe passcd.  an absoluts  symbol  waloe can be
pazaed which iz Leeated by the macro a% & numeric eirlng.  An AT Jumeth
preceded by the unasy cpetator beekalasth (%) is treated as a numeric
value in Lhe ¢uyerrgnt program radix. The 25041 characieors Tepresenking
Ehis walue are insecced in the mscro erpaneion, srd their fonetion ia
defined in  ti4¢ pontext of the casulting code, as  shown in the
follewlng cxample:

SMARCHD  IMC B, B

ety A, M\H i% IE TREATEI a5 & HUMBER I CIRBRNT
B=G4E OROERAM AADT K.
L BRM
JMACRO 00 ALB
oA + WO R ) ;a3 IS DESCRTHE:r iMN SECTION V.= 4.,
. ENDH
Lwd) Lay X, C

=6
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MACRD) DIRBCTIVES

The above mgcre ¢all (LAC) would bhues axpand tox

Ku: JHORD 4

Hote in this expanded code that the laped HG: L= the eepult . ot bha
concateration of two real arguments. The single guete %) character
in the label A'B: causes  the real griguwmenteg £ and @ o De
concatenated as  thev are pagssed Juring. the expanaion of the macro.
Thia type of argument congkrugklon ie ﬂ'ﬁﬂl.-l'.l.-\lﬁ'd i further detail in
Section T.3.8.

L oddbsoguent call to the same macro would -generate the followisg coder
Al: LKORD !

angd s @n, fur lacer calis. The kbwo macro delinitione are aecessary
because the syzmbol agaocisted wlbh domay acgument 2 [(i.e., ) cannort
be updakted in the CON macro delflpitian, Yecause its nomeric value hae
alrgady Legn substituabed for its symbolic pame, l.e., tie chacacter 0
a4 reglaced © in the argument sitring. In the DO  pacoos - definitieon,
the pufeer passed is treated as & Abeing sfquaent, (Hheo Ehd wvalue
of the rgal argument ia 0, omly & afimgle U charactar ia passed to the
micro axpacaion.)

Peaaipy numeric valuez in this manper iz vaeful ip identlfying savnrce
listinga. For example, varelamy of programs oreated through
conditional asasemblies of a single source prodgram can be . idencified
theough euch goding A% that shown helow. Assume, £2r ezample, that
the symbol ID in the macro call (IRT} hasz been eguated elzewhera in
Lhe sgueode progtam t9 the walae 6.

JMATRO  IDT  SYM PABSIHME THAY THE SYNBGL Ip TABES
LEDENRT .NDETL‘E?H.." MEH.A DHIGUE 2-B1GLT VLLUE.
L EHDR SWHERE VUAL 15 THE JPRATE
) VRFSION OF PHE FHOGHAN.
0T IO

The above macro call would thans sxpand co:
LIDEKT  AOERES

whetsz 8 15 the hmwmeriz value af the sysbol 1D,

v.3.1 Bumber of Avgqumants In Macco Calls

[f more argumasks appear in the macro ealil than  in the  nacoo
definisicn, af eror code (@) 18 generated in the assexbly Listing.
Ti fewer argumenks aposgar in bhe meere oall than in - the macea
definitden, migwing arduments zra  assumed to be null walzes. Thae
condickanal directives .IF & and .[F KE (aee Table a-5%] vcan Fe  usad
within the macro ko dekercl mLEEing acrgusants, The humber of acguments

can alss be apeclfiied w2lng the .KARG dicsctive (Section 7.4.1). Woke
that a4 macro cae be defined with 40 srgumoebbs,

T.3.5 Cgeating Local Eyibula Aptometically

A labol iz often regoired in an expandsd macce. I - the coeeventional
maced Facilliiew Shus fpr desccibed, such a label must be swpliicitly

T-7
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MACEG - FIRECTIVES

gpecifisd 48 an argument with eath macec call. Be careful in  issuing
subseguent calls +to  the same pscto, 2 avald speclfiving a éuplicate
label 45 a raal arsvient. This ovrcern canm be  ellpinated  through  a
featidre of HaCRO-11 whish creates a dhigue oymbol whepe a label is
redqulead 1o ap expanded macra.

Lz noted in Section 3.9, MACRO-L1 cepn potomacically ¢reate local
syabole of the ¥arm of, where n is o decimel io%egur within the range
&4 throagh 137, inclusive., Soch lecsl symboals dee cegsted by MECRO~11
ih nudnericsl order, 28 ahows below: :

#4838
BE5

1264
1275
This sutemacic facillcy ia inveked 08 each osli of 4 ®micrd whbee

dafinitiod Jdodbaing & dunmy sEguament préeceded by the guektidsn martk ()
charactecr, at shown in the macco deflnition pelow:

. R0 ALPHA, A,.7E PCOMTATRS UMMY ARGOMENT B PRECERGD AY
AFESTION MARY.
TEE 5
=1 | B
RO ¥a,n
B
LD

A loval svimbol inm genecsted zuidmabically by MAZRO~l: only when a z#al
weyurnaok oF Ehe 2scre call i either pull or misszing, &% shown in
Exampls 1 below, which reflecta kEhe expansion of  the ALPHA  macro
defihed abowve,

tE che real asrgument is specified in ehe maces call, however, BACRI-1]
ighibita the generation of & Igcal sywaal amd narmgl argumenb
rgplacensnt omrura, as showi in BExample 3 e ldow.

EXAMPLE I: Senecake s Local Symbal for the Missing Argument:

ALPHD T PEECONTT ARGTUMERT I3 MISSIHG,
TET Rl

BEQ Bk i PLOCAL SYM20T. T5 GEMTRATED,
alb #5.01

bdG:

H5AMFLE 21 Do dWot Generate g Logal Syirbola

AL HA R MYE PSECOND ARGUMENT H¥% I8 SPECIELED.
TET e

BEQ WYy rNCRMAL ARGUYWENT REPLACEMENT SCLLIRS.
Al #5032 :

¥

Mptopaticaily-gensrabed local aymkols are reatr1cfeﬂ B the ElEst
16(10}) arguments of & mocEs delinlelon.

Hote chat aktamatically=¢rezbed losal oymboeles  teaniting foom  khe
expansicn 9f a macre, as desctilbed sbove, de 20k Iln any way lofloence
local =y=nal Elack Dounfatinh, I'ny stkherc Wabde, auch
automatically-~cieated lotfal syhbals do hot establidh a local dymboi
bleck in their awn right. . .

=B
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Boweywer, when a macro has several arguments earmsrked for asitomatic
logal  synkbol gensrcstlon, sobebltuting a specilidis labei far oo auch
arguitent bakceduces a rlek that ageembly ecrors willl kssulk. This s
because MAECHO-1L construets its  argument swbstltatiun list at the
peint of macyoe invocation. “Therefore, the agppeactance <£f any lahel,
the LEW&BL E22 directiwe, o the - PUECT divective, in the macro
expanzgicn will create s new locsel symboi  black. This courld leaws
lacal gvmbal referances in ckhe previogs block and  the  ayunbnl
definitiens in the new one, reswlbting in errvor codes L% the assembly
liating (a== Apzendlz D). PForthermore, a subaeguent macroe =xpanzlan
et geasratas lacal sywbols in the pow bloox may dupdicate onse of the
gymbales in gquestipn, ceaglting tn oan Sdditional esecec -omde (P! ip thoe
assemnly liating.

7.3.6 HKeyword Argumentsa

Macros may be defimed with and/dry invoked with keyword arguments. I
keyword argomen: hag the fallowlng Forin:

namE=str 1ng
where
rLaTe represants the donmy acgument,
string cepr=sants the ceal symbelic argument.

Thie Kepyword acgumant may niot corbkain oniedied afguamenk E.E:Eﬁ-‘.'ll.'ﬂtl‘.-‘"l:'E
unless propecly dolimited as descrihed inm section 7.3,

When a keywsrd argument agpescts in fhe dumsy argumenl izt af a macen
deflnltdion, +the spasilied slelng becomes the delault vedl avguoent at
masra cell.

¥When a keyword arguoant appears in the real argument 1ist of a2 macra
call, the apecified sEring becomes Ehe real argumsent for fie Summy
drgumanl that exactly makches the apeciflied mame, whether a7 nat the
dumey argamont was  defined with @ Reywora. If 4 matok faila, the
gakire argqument 2pecificacicon LB teeated hs bhe next posiciensl real
aEguUmEnk . B keyward segument may e Spacifliad awywhere ia Bhe doday
argumant Tlst of o macce defindtion 4ad 25 part of the positicnal
piEdering wf  argument. Gn Lhe ther hénd, a keyword argument Kay he
sphecified anywhere in the real acqument list of & macro cS=2ii bo:  foee
nok affec: Lhe poaliicnal correspondence of bthe remzinlng arguaesnts.,

1 LLisT ME
¥ r .
i P DEPTHE b MAODRG FAVING BEEYROALG LN DUMMY ARGUMENT LIST
14 i
[ LHECHD TERT COWTRI =1, BLOCK , ADTIRES -TEMEF
¥ . WJERL CORTRL
& « HOERE BLGUE
& RO ND ADDRES
13 « SHIEK
11
1z
13 ; . .
14 ¢ HOW INVOEE SEVEBEL TIMES
= 2
18 .
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17 oooocd TEST A.E.,C
oooded  GEO00Gs . WO A
Cco0nez  Go00G040:E A WORD B
o RQLOGd GO0 0 . HORD C
113
19 L90064 TEST ADLCHES=20 , BLOCK=30, C0NTRL=40
Lubtddgs  Ogab40 R ufclal iu
Q0OO1E DikEDED « PRI R 3n
UDGOLE  pdgaEo -wlRD 2U
1
ZI Coulld TEET SGLOCE=h
foLuig  odadul AU RD 1
Dot DoLRDs - FORD 5
DQRT02E 0GDRO0G «WIE TEM:
ad
23 uoip2z TEsET CONS 6 =7, ADDHEE=Vak AR
ULw s  Oudgabs L WORD =
Sovbidqa bdoun S RD
QUCu2d  Qdadbog SWORD TRRIAD
2t
25 go003c TEST
dGigda  JuGpuL SHOERO L
vuelld  00GGE00 LHORD
GUo03q 00dL00G AR TaME
2R
27 edlis ERET ADOREE=Jh{KLJLLL
GodUda  OoGLOL R ED L
delad  QuidibD . I S
CEUEE  DOCGAGC - MR JACRITTLL
28
25
1% oooal .ERD

7.3.7 Concarenation of MACKS AFgomenks

The apostrophe of eingle quote Sharacter {") owerates as & Iooel
delimicing character in macro Sefinitions. A single . quotas thae
ptecaeizea andSor followe a dummy argoument in & maceo  definition Qs
ragaved, =nd LkLhe sugstieution of the r=2al acrgument occurs at that
podnt.  For esxatule, in Lhke folloWing atabtemenbe:

(KACRO DEF A,E,C

n'E: JASCTT S
LBYTR A, t'B
« E B

whan tha macra DEF 12 alled bhirouggn Lne shatement:
DEs XY AMACHD-] L
it is expanded, a5 follows:

S ASCIE SMACHD-13/
- BETT ALY

In expanding tne Llest line, %he acan £for the firet 3argqument
tecrwinakea wpen finding the Flest " charecter. Sinece A 1=z a duzmy
gtgamenkt, the ' 12 removed. The 3can then resames Wwikk B 5 12 alaso
Lt sad X angther Jdummy acgumsent, Theis fwis cemal sEgumenks X oand ¥ are
then copcutenatas ta form che label XY:y  The Thizd dommy argasent  is
i1 Cobeas] in Lo Operand Ticld ol tia (ABCIE dl;ﬂu+Lv¢, ¢apﬂiug Ehes real
argument MACRC-I1 B be substituted in chis field.

T-k4

o o 3 e 8 B o o o o o o o o] ] TS il i el e e e e e e - o aEan  ma =



EEr.

A

MACRO DIRECTIVES

¥hen evaluating the arguments ¢ the BYTE disective Suring expaaaicon
cf the zecond like, the scan oegins wikh the firsk ' character, &Since
iv iz neitker preceded nor followed 9y a duwmey acgumenkt, this '
characoar refalns In the pacto expansicn. The scan then sncounteis
the second * charaster, which i2 fallowed by & dumey argudent and  ia
therefores discarded. Tha scar of acgqument & 18 tockinabad apan
encauntering the comma 4,}. -Tha third ' ¢haractes is neoithor preceded
nor  folliowed by & dummy &scgument and &gaim cemains in tha macie
expansion. 9he Eouscth Jend last) ' gharacter la followed by anobher
auzmy arquaent and is likewize discarded. iHcte thak fapr
characters waere neceassry 1o, the macrio definicion to generate two
chacacters tn Lhe pacro expansions)

4

7.4 MACAD ATTRTROTE DIRECTIVES: .HARG, .NHCHR, AND HIYRE

Three direcbives are availaLle 1o MACEC-1]1 which. allew the geser Eo
Jderermine certain atbcibutss of  wAaecos agpgumoenie. The uss of khese
directivea permite selsctive modificationa of & Racro espansion,
devecsdlng  ab the peture af  the arguoeEnts being  passed. Thaze
directives are described separataly oneliw.

7.4,1 _.MARG Directive

The .WARG: directiwe is used to determine the puabec of arguments  in
bha  mmcro call cureently being expanded. Hence, bhe HARG ditective
cah 2opear only wikhin a -macre defipivicn:; 18 it does ook, &m £ECEGY
code () 15 gencrabted inm the &ssewbly listing. This direckive tekes
the fpcm:

ilabels (HARG aymbo L

wheros lakel cepresents an optiszesl statoment label.
aymbol cepregents any legal symbol. This symbol is
equaked to the number of ABrgqurents in the macra
call currsntly ‘bheing expapded. If a sywmbol ie not
$§Gcl£iad, the HAGE diveckive 12 Flacged with an
arror ocode {A) in the assesbly listing.

T-11
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An exampie of Ehe MARS directive £271laws:
JTTTLE MRS

ATyl JARR, e
M BAR g¥u

+IF Fo 8w
JREXTT

LIFF

_nfai LTS

[ el

14 Ll

1% fENDE

12 R EMGE

A F LA L L P

1% ApRkAR ShETS
.AnARPS LULRG  gYm
o lF Ef,p 5Ty

]
O - OF

RAAANR yaRA &
ABEEMT +MARD Stk
: W T D, 5re
JHEWTT
' TFF
PIPARA JHERT &
KR
JENmW
AARPAN  FARZAN mTE
AAMEAT  ORAAYE M
AN SO PP Ay L dnk
AaPEAE FAASY L
ABRALPE  GRAfUL Ll
ANPELE  EAREYT Lt
ENDE
L4
290
el *Ap@e1 EHR

T.4.2 LHNCHR Directive

The .WCAK directive, whizn cen appear anywhers in a4 MACRC-11  prodgram,
iz uBed Lo detarmisc the nunber of characters in & specified character
gtring. This dircebiva, whichk iz aseful in calgulacing the length

magcy argumnzets,. takes the follswing forcm:

labwic LNCHER symbhal, esreings

whers: iabel veprassnts an opbionsl stabement Tabel.

gymbol represanta gny Logsl  avpbal,
aguatad t the number  of

goorifilad character string.

characters

of

evmbal  is
in the

i# nok

apacifiaea, the .NCHE direckive la blagged wich an

errar  code (A1 fn khe  assembly

Anpendix Dh.
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" : -Eonredants  any 1egal - egparatar o, SEAoe,
andSor beo),

“ghving  EeBvesants @ string oF PTinhqu¢ nhartackyre, Tl
chiafackher strleg nsed . be ahelOsed within angle
bravkekbs (<@} a¢  up=artuws (T} only i tho
sung i fied charavker Et¥ing containa & leqal
Bofrarabord (Sadim,  spaes,  and or bab). TI€ the
delimicing  characters dAc nok match or  if the
anding delimiter cannet be Jdetecked bacagee aof a
g¥nbactigoal esreer dp  Lthe 2haredkec Shoing [(thus
s:emﬁbu:wl termifnting its evaluaticon]) . the .HIHR

irectiva i3 flagged with an error cods (R] ln the
agsaapty [iating. .

An oxawple of the JMNEAE directize folluws:

1 «TITLF HERE
5 CJMBERG CHAS, HEAS
L M) Gy, HEEL
5 pmORD . BwM
& JASLET AVERSS
T JFWEN
o JEMnH
9
1#
11 ARMSAA L EA N LHAR <HE L0
PANRQRY LT T AVM HELLD
PE@@anE GIAPPES +HARRD L
ERFEM L 1t «ABCTT . LHELLDS
ol o K] .
RAGAFD Py
AEpPRE tth
AR 11T
JEYEN
12
43
B PARAAAE LFuIm

7.4,7% .ETY¥PE Dirertlve

The HIYPE ditective La used Lo deterping the . sddgeazing mpode af &
gpecifiod f@cca acrguagnt.  Hence, the (NIYPE direciive van appear only
within a magco deficeitions ifF lc apoears alsowhere, it ir flagged
with &n eecal <ode (01 in She ansembly linting. Thia dicectiva takes
the Eoma: . .

labels JHTYFE . symnql, aexp
whﬂrﬁ; labal ECRERSENTE a7 aptional sTatement label.
Sysaol | TRDLRNenty Ay ;iqql sytnbaad . This symbgl iz
nguared zo the fS-bir  addrezsing mode of the
Follwelng argumert. 5 o sysbel i not mpecified,
the NYYPE dicective is flagged wivh ar srrop ogde
BAT in bhe aBenbly Iisting. .
) FEOESSEEnTE  ay begqul  Sgparater [ctmen, soace,
and fnr kol .

Puld
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LY o reprosents any foyal addreses exprezsion, a8 used
with an opecode. If po argument is apecilled, cthe
femnlys will B Z0ro.

An example of the vee of an WLYPE Alreckive in 8 siscre definikion 8
shown b bawc

é WTITLE NTWRE
3 JMANED  BAvwE, ud[p
4 JRTTHE  SyH, ERG
B JIF o, Evma TR
b Rl A, mEERY FREGIETER WAME
T IFE
g dny MAR[,=(EDY 1% MeRESTSTER MARE
L  FHOC
1@ ML L
11
i
(3 PARE®®  OCQAARR  FFHEpEY e A
bl
LS
P SApAAR> Lavi Rl
aoEand T WRTYRE S¥HLRY
. TF FO YW TR
PARARZ  pPrpiok BrY 81,=l%0) IREGISTFR wonp
 tPE
“iy #R] , =(%P} I~NN=RFATISTFR vrNE
WERTL
LT
14
1% pprAQY q45E TE«p
PANRETY JHETYRE G, TEWP
JIF ER,5YrRTR
My TRERE, = FHEY tRFETETER annF
« TFE
ARQARSL A2V By FTEVD, ={3F] TNNM=EEGTRTFS NOAE
mEpFap?
 Ehps
e
=
22 AMARA] LRI

Faer additional inforcmation concernis acdressing modes, rcefer to
Lhabter 5 and Appendix B, Secbticon 8.2,

7.3 ERROR ARD .PRINT DIRECTIVES

The .ERRUE dirsctive 1e uged ko culpotr measgages o the Llisting Llle
durilng aasenbly pess 2. A common sSe of this direcklve 15 to provide
& dlagnositic anhnpunoemant af & fejucted ar coronseus maved call or G
aler: khe usar to the existence of an llleagal set a9f conditions
specified in a eondikbioral assembly, I the listing file 15 rot
stipcified, the LERROIR =mp2esages &rKke ourput to the command cotouk
daviece, The .ERBOR directive takes :the form:

label: .EEROE expr tkexk

Teld
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where! label . represents an optional stabemenk lapel.
BRPE represpmzd an optional sxprossion whose  walue  is
gutput whan the (BR#0R directive P8 encountered
during assembly. '

i genoctes the eginping of tae BeXt string.

text represents the spacified measage asacclated  with
the JERRDE direchive,

Bpan eocourtering an (ERROR dirfective anywnere in & @qlice  program,
KLREROw=1] oukputks a simgle line contalning: -

l.  An arror code (B
2. The seguence number of tie JERROR directive ststement
3. The walue of the currént iccabicn countec
§. The value of the-expreasiun, if Gﬁé 1z specified
5. The soures liae sentainiag the .ERROR directive.
For exsmple, +&he fdllqulng ﬂt!éﬁtivE:
. .EREOR &4 ;IH?ﬁLiﬂ aﬂEHG ARGIMER'T
canses a line in thé E&llnwing form to Le ﬂu:ﬁut ko the listing fila:

Seg. Lac. Exp.
Ma. o Walua - ) Taxt

I# 512 DoSed: WOUO0TE SBEROR R P ENVRLITY RMACRG ARGOWMERT

The JPRINT directive is ldeatleal in funcktion Yo the (EREOR directiwve,
except That 4t is not Elagged with the P error code.

T.h INDEFINITE KEPEAT BLOCKE DIRECTIVEH: (IRP AWD (IRPC

An indoFlaite repeat Block is & etructyre that is similar k2 & Dacro
defimition; epgpentially a wacro defimition that has enly one dummy
argument. At zach expansion of the thdefinite repear range, khis
dummy argument iz replaced with successiyve elements of -8 epecified
real argument list. An indeFinite repeat bBlock glesctlwe  and  its
assaciated repeat ranue are coded in-line within tie Eocaree pEOGIAM.
Thiz type of macre definition and expanaien dees not - require calling
rhe mavro by nams, a8 reguoired-in the expanaion of comventlonal wacros
previpnsly deacribed in Ehia zaction.

An indefinite repeat block can appeoat e:ther within or outside another
macrn definition, isdefirike repeat hLlock; of repeat bDlock  isew
Bestion V.TF, The rules for speelfying indefinite repeak block
arguments  are the Zape as for soeviiylng macro arqumenks (s Sectlan
7.3).

7.86.1 LIRP Directiire
The .IHF directiwe iE used eo replace a dupdky srguuent Wwith secoossive
real arguments especified dm an  argement stoing. This replacemons

process voours duting the expansion <f an  Indefinite repeat BIoSk
rahgs., Thia directive takes the following forowm:

: 4=15
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label: .IEP SYM, Aargument Ligl>

[tange ofF infdefinite repeat bBlogkl

L DM
wWhirre: label cepredants an opkicrnal etatemerk label.

gym rEFISSEntS A dusmy Eeguieti thot 1 succeaalivaly
Cevlaced with the swecified real arguments
enelosed within the angle bragkets. If po  dusay
argqument 1s apeslfiad, +tha LIHF directiwve iz
Clayged with an =rrar fode  [B) in che  esgembly
Jisting.

. repragents any  legal separator [camima, space,
andsor tsb).

“arguimesnt iists - rapeaeenks o Lilst of real arguments ensigsed
wlthin anale braccets that ia ko be wsad in the
axpansiusn 9f the indefiniie reasat range. B real
arguEent =ay cenaistr o ore or more charactecei
multiple argumests must be separated by sny  Lagal
geparatok [:0msn, swace, andfor tabl. IF oo c=zal
arguments &sve fpecified, no action g taken,

range represents the blagk af onde to be repeaked angw
for each accurconee of 3 real argunent in Ehe
liat. The raangs may ronkain acher macrqa
definitizne  and repeat  ranges. The .(MEXIT
directive [see Seckiea 7.1,3} is legal within Eae

- range oF as jndnfrpite repeat hlock.

- EWTIH indicates tke end of the iadefinite repesk block
ERfce .

A oxample of the wcge obf bke (THE® AiTecrive 1z showh in Figugs 7-1.

7.8.2 LIRPC Directive

The .IEPC directiye §iu . available to parmik Yinula characher
subatikcntion, rather than argument gybetiiutlon, On each iteration of
the imdefinite rapeat range, toe duisy acgument iz replaced with  woach
succesaive characker in toe specified stoing,  The (LIRPC direstive iz
apecifled as follaws:

laknis  JT&PC S¥E. aE2kringr

lrapoe of indefinite fepeat black)

» BTN

WHE TG label repreecnta an optional stakement Label.

=16
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represants a dummy prgument that - 8 successively
ceokaced with the apeclfied rmal acgfunents
enclosed «itnin the angls beacketa. YE£ oo dummy
argqument Ls epecified, the .IRPC directiva i=
tiagged with an ervor code  [B)  in  the -as=embly
lizking.

represents  amy  lega}l eparator  (comma,  space,
ancsor tan).

represents a liast  of characters enclosed within
angle bracke:is to be waed in the cxpanslon of the

imdeElaite .repeat  famge. . (Although  the angls

hEagkele  ara ragulred, only when Ene atring
contain® sSepRrating charactere, their use 1=
recomnendsd for legibility.

ropragenks the bpiock of code ko be reoeated  ohce
for each oceurreace . of o chatacter in toe 1ist.
The range may santain macee deflnltions and renaar
Tangas. The HMEXIT directiwae {pee Section 7.1.73)
ig iegal within the range of sp ladefinite repoat
block. - : :

fndicates the pnd ol the tndefinite ropeat block
renge. .

an example of the use of the .IRPC directiwe is shown in Figure 7-1,

E PO o A —

11
VL
Y

reTLE 1EPRTEF

¥
GLTIT THE
P IHP K £d L B il ph3EELFFe
Ha¥ T, Medks
JEROH
REAERE A1ETIR AOEDGER .. Ll b [ERRLEAE
AtRAod BIAF2ZE AXQAFEDE : R HE [P
AdEALA RVETRN NMAREARE LTS e Y
ARpald. B14T3a  ANda-d2E Y OC e [HA L
AeRAPE. FLATIP  EANRRQG ELy KEprHte

deBazd gLBTER HEna pel iy Feprhd e

LY I YY1 L LE]

HLYE A =(R1]
JEMEH
ARRANA  LlET4L ARREAQL PAVE P gm{EL]
JUHARA [ 127A1 RAayazG KO« B g, eI
AREPAE  1{3PAy ASENARG T WawB oL, ~iH]1]
AsALs  FlaFd)]  FAEENG wivh LEREELIY
AARASE EL2THl OFARPNG . RAVE Af pm &Lt
AGEHNS  LLETAL  BASUASG . L MBS af =tz
pZedaL! LEHD

Flguge -1 Exaaple of .IRP and .IRPC Dirooiives

7.7 REPEAT SLOCK DIRECTIVE:  .REPT, .EHDR

it fe zometimes

in=line

acceonpl iahed oy

foe=e

uﬁa£u1 ﬁﬂ'dugﬁicaEa a wlock of code - 3 nusher oF times

with othsr: -fourse code. - Thig: duplleatien of &de. le

AL L R o e . o e 2 s e B e £

creating a repeat plock, n%ing &  directive kn Eh=

1=11
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label: REPT exp

(range of repeat block) '

« EHIM
whore: lakbel reprézgnits an optional statement lalbal,

EXP repreeénkd a7y legal ezpresgisn whisa walae
conkeels  the number of timee khe black of code is
kn be assembled within  Yhe PEOgIER . wher *he
expresalon  walpe 1a less  than or equzl o iace
{01, Ehe repes:t bloock i% not assembled. If this
exprezsica  im not  an  aksclute valae, the [ EEPT
aratemstt k% flagged with an ervay godo (A} in the
agsanbly liatimg.

raru]o represents the block’ of ¢cods ¢ he repecked the
numher ef  times gekermited by the aspecikied
efpression value. The repeat block may  contaln
macro dellnicions, indefinite repeak blooks, ar
obher pepest blocks. The MEXLT ¢dlrective is
legzl within the range al & rapeat block.

» CHIHA indicater the end ¢f the repeat block cenge. The
ot tetalhating statement i 2 repesc hlack can be
«EHDR elthar sn EMNDM directlve or an _EMDR dicective.

7.5 MACRD LIBRARY DIRECTIVE: .MCALL

The .MCALL diroctive allows you to indicake ln advance those  ayabam
and/or ussr-defingd gRacro definltions  that are reguired in  Ene
aggemiuly of the scurce program. The MOBLL dirsctive zllowa you  £o
sgecify the names of all syftem or user macro definfiriens pot defined
within the socorce progeam bat which ate regrired ka  assamble the
Prograa. Tog MCALT directive musi agpeat boefore the first eccurrencs
of a ¢all ta any exterhally=deFlined masre. The JMOALL directive ig of
Efer Eroarm:

LMCALL argi,argi....arghk

WhoEar argl, IepE=gentk the dymbslic names of the  deoro
arg,... definitlons reguired in che asserpbly of bbe soucop
acyn paFts s =118 The symbolic macro  names @ay Lz

S=maraktsd by any  legal separatod (ooaemd, spaoe,
and/snr tab) .

The .MCALL directive thus pravides the means $0 access bath
uger=fefired and syatemn maceo libvzrisw during aszembly.

The /Ml switch under RSX-11 and the (LIRGARY gqualifier under IAS aad
BET-L1l, zpecifled in goongation wich an laput Flie specificatica,
indicaze to MACRG-1] that Ehe fila is a macra library. Whem 2 macco
2ail is encountecsd 1in the saorce program, AACKO-1E First searches the
uper maceco library for the naxed macto definttions, and, if neﬂesaar?,
centinusg the aeacclh wikth theo system macro libraey.

" e " ol gl Tl e T R g e g WL N e g - —— L BT U0, 0 i s et s o e ———— . S— e Se————————— - o— 52 S— —————"———— —— T ——— 1
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MACED DIRECTIVES

Any numbar of such user-supplied macro files may be desianabed. In
cazes of wuitipls libracy files, the meatrckh for the npmed macros
kegine with the last soch file epecified. The eearch contibuee in
reverge order urkil the regulted maceo definltions are  found,
torminatlng again, if neceesary, with a =earch of the =¥etem @acro
library.

If any named marroc iz sob found upon conpgtetion of the Sesrch, i.e.,
i¥ the macro iz not defiped, the .MOALL statesent is Flaggad with an
ertar ¢ode (U} in the assemhly llating. fackthremore, a stabtomenrt
clspwhere in  the Source pregram which atcempts to expand swch an
endefined macre is Flagged with an ercer eode {0} in  the assesbly
li=zting.

The command sirimgs o MACRO-1L, throough which file speclflications are
auppiied, ate described in detkail in the aopropriate systém manuak
fzee Section U.2 1ln Lhe Prefaged.
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LPPERDIX R

- MACRO-=-11 CHARACTER SETE

ASCII CHABACTER SET

_EvEH 1 T=BIT [
PARITY - QCTAL : :
BIT CODE CHARACTER EZKaRES
X ougd Wi, Muli, tape feed,  COETROLAEATFT/S.
1 ngl SH Srarlk aof headingy -alsa SUM,
of message, COWIRDLAA,
i Qi 2 g5TH Btarz OF kext; alao S00,
addrers, CORTROL/B.
) a0 ETX End of texk: alza EDM,
| ! mezEeage, COHTROLAT.
1 Eoopld P ORCT iEnth of transmizzlon (EHD;
L off TWA machines, CUNTROLSD.
i 45 1 ENQ Enguity [EWQRY 5§
CONTROL/S .
% Ghe ACK Acenowledda: also RO, SINLAODLAF.
1 Lb7 BEL LRings tne beli. EOATHOL G,
i 0l | w3 yBochapace; alza FEOQ,
t jeffeckor. Thksnaces
i Mmackhines, COWTROLAH.
i {1l HT Hovizontal teln CORTROLST.
9 02 LF Line Ffued or Ling space fnew linejr
advances aper Lo
§ Lduplicatnﬂ Ly CONTROLS .
1 | U1z PNT Pwpreical tab (WURR). CONLROR/H.
1] t DLl4 FE Forr FbFeed tao top of
(FROE) . - CONTROLSL,
1 pi3 R Carriage retusr o beginning  of
ling; duplicatind by CONTROL/H.
] nle I =0 shift outy changee fibber oolor o
: ret., DORTROLAN.-
L i wl7 51 Zhifr inr changes ribber ¢color
black. CONTEOL T
1 o2 DLE ata link escape. CORTRGLSP
1] Nl ! evilcs conrol 13
rranantttar (RERDER) om, CORTRLQ
(£ 08y, © 022 fCd Device
i P21 kurns  punch  or aswiliacy o,
s COMTMRO R (TAPE, AUX OW}.
E 023 nga Levice onkrel i
crapgxltter (AERDER]
afE, CONTROL/S [5 QFF1.
i Gid nGd Device eontiol 4;  torns
aarkliery off. COETROE, T
1 OFF ). .
'q._"l

T et i e+ i e T TSI AP




MACRO-1:I CBARACTER SBT3

EVEA | mpIT |
PAZRITY : OoTal !
EIT [ RO l.':HhR.:"-.C'['EHi FEMASKE
o - —_— —
i - - - — e
i Uas WAL Woocative acéndaw]edga: sigs ERE,
BREOK. CONTROL/T.
|} | Lis P 3¥y Eynchronous file {8ERC) .
i h |I::I'_:'HI'}'-.DT...-"'5".
| I .
] L2y | ZTE ‘End of  transmissian block; alsao
| LEM legical end aF m=d i am.
| L CONTROL AW,
L ! LAk Camoel (CANCL),  CONTREOL X,
[J.E-: i EM Bnd of medlom, JONTHROLSY,
0l - 1 Subatltutre. COWYHOLAE.
nii i EEQ Becagprn, CONTROLSHIFTE.
034 I File meparator. <ORTROLASHLFT AL.

Ll ol el =l = AR LR =R =N R R PP S S SN S

RO D e o

L)

=R = A = L=l R

o e s o e T T T ™. m ] Cma e

L]
(]
-
Y]
dr]

jGrunp sepatatot. COKTAGL/SHIFT /M.
IEacc:ﬁ gepataicr. LORTROLBHIFT M.
"Unit separatag, CONTAOL/SHITT O,
SpacR.

ol A e
s P L Lo
Eanll = = )
- o
"':I'.l"ﬁ

Aoeert Acitds oL apestraphe.

c
In
a

- B— e A gl A

L=
(%]
e
[ 359

=
-~
Ln

HSHFR DO M@ Y oo b DD o] TG Ee L b = 85 .
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BVEN
FARTTY

7=pIT

CDCTAL
CORE

..;
[

HACRO-11 CHRRACTER SEIG

CHARACTER

REMARES

SOOI SRS DR HD oo

I, T——

N N e e N R - Ty Y- F N SN N ST

g

Eld
il
114
L1%
Lin
£17
12
121
122
123
1ia
1&5
1ik
127
130
131
132
133
134
135
lin
137
14n

14k
142
1453
144
145
146
147
is50
1561
153
1%3
154

" 155

1546

(1579

160
16l

‘162

163

B NT

1nh

R 1
© 167
-170

171
132

7193

PR
175
174

el

= -

A BOTears a8

Apoears as # &7

L5 43

per T R R M GEOHETEFOE 02T EY

e

-

B Y A I L e - N .. ST N W .

© I Thia code generated

SHTPTAE.
EHIFT, L.
SHIFT M,
]

i
Accent grawe.

P LT T TRyt LR |

B TR AT

Thizs code generated by ALTMOLE,

by

i qif present].

=
o

R

-~

' UELETR . RUODICOT.

v Foma machined.

ome maclives,

A=3

TREFIX key
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MACEO=11 CHARRCTER SETS

L.? RADIE=-S0 CHARACTER BET

| Cnarackter
Coace )
n—¢
$

(P ELT

P D i

ABCLY Ootal Bquivalent

Hadix—-50 Bguivalent

44
lo1-13z2
ad

1)

Go-71

L]

ig-17

tne maximum Badix—-30 wvaloue iz, thuas,

4I*E0T +4TEROHET=LTEVVT

The fellowine cable proavides & cofvenispt means of trasslating botween
te ASCIYI  character &et and 1k3 Sadex~50 eieivalents.
givan the ASCLI string A28,

peelormed im octal]:

H=113ua0
2=G02400
Rl ldGL2
Lip=115402

SIXNGLE CHREER.
CH
CTRAT Orla.

SECOHD
CHARACTER

TIEED
CHEARALTER

(IR
noallnaa
Ous2od
W11z
] adL
017500
D22l
L T H ]
UsLuos
CAdiad
Uds2ug
nazzgg
035400
03500
03300
Uzh 700
basiiy
na%100
gyaaan
073 =300
T udad4nd
131 500

'—IHﬂﬁ-"dlﬂ’_"iﬂm:l‘l"dn
e
fa
[H]

e =

1570
113n0d
11ekoc
141200
1243504

Wik M ECOT SR WD EE

e ke o B s e — ————

1Gaadd-

1 Qoocan
anoosn
DO0ZED
ungl7o
uuc2dn
oG 3E0
005360
Qo5d30
GOus00
Oughgn
NGds2U
ONC&T0
noQa40
noZaln
O0ZGHY
oozlin
ODOE2a0
opo_zZs0
ngirlzn
nnziTon
poLg4n
bos510
DUZ&&D
ubiain
galyan
poidsw
Q220
uo2GTn

=
L]

LR L 2 ﬂciﬂtniJﬂ'ﬂCb?igf'ﬂﬁdH:ﬂﬁPﬂﬁ1DfﬁtﬂPé?
: o

A-1

— P e e S i

Frace oGaaan

MM mECHRDDO o2 T oMHbadgeEndnme

Gkl
eubnnd
aoonal
Gohoag
BONASH
000 &
WOOOGT
QOO0l1n
ca0nll
GLRODL2
cubok s
QouDEa
doonly
idaiile
GGanEy
aeahaa
GeoD2l
doan2x
Qo223
DodoEd
OeGd2s
AEO0EG
(HED T
SUlDAg
Gofpil
HEETE )
Q03]

For <cdampla
the Radix-50 eguivalont iz (arithmetic

.
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MACRO--1]1 CHARRCTER HETS

SEMGEE' CEMR .

oR SECCHD
FIRST ChHAR. CHARACTER
. 127400 . go2140
Ueased 132340 Taused 002210
i Laskel H OG22e0
1 14080 L OQuE3 iy
=z Ldqna & o400
3 1471040 X Q2850
4 132340 4 Uikzs2o
5 EsRE0N0 & gi2a7d
B Tau4atn b UGz hEd
7 lsisig ¥ Go2710
B Tatang B UG 27Thu
0 17F1LT0E o TLabdy
B-3

T Kb

e —

CHARBCTER

[
|
[ =]
[T
i
O

P . T T

D0Sads
Ogdia3ds
DGoR56
N
Ulidaan
Gaansl
Geo04gz
BOO0d 3
RV IE R
Ghig4s
G004
oo004T
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MACRO=-11 AEIEMBLY LANCUAGE ANP ASSEMBLER DIRECTIVES

B.: LGPECIAL CHARACTERG

'_._ e L B Y R ol L AT B R e g o e e ey S R

Character Funcelan

o i e g e e o e e e e . e R Rt A o

b Lakel terminator
= irect assignmenkt operaror
| Register -teem ladlcetor -
| tab ' 1tem terminater o Cleld terwinater
i apace Item termipator o fieid terminatar
Immediate expresgicn indicakor
Deferved addreaeing lndicakar
Initial registec iodicator
.| Terminal register indicakor -
[aiema ) . isarand field Eeparator
| Comment field indicator
brithmetic addition omerator or autko
itncrement indicator
Arithmetie gabkrsckion sperekar &r awutn
dectement indicator
Arithmekic pultiplication cparator
Arithmetic diviaion oparator
Logical BHD operakor
Logical R aoerskat
: Dowble ASUII character indicator ;
lrportoaphe) Single ARCLT character indicator or i
' concatenation indizator i
. hasembly locatlon counker i
) Initial argument indlcator !
Terminal argument indi=aror
Univeraal gagyy opsrakor or acgumcAt
indicator '
* HMacre ¢all nymsric argument indicakor i
wartizal tak Source lipe bterminator J

————ga e e

e o A S PY

b e D

O -

LR

B.2 CUKMARY OF RAODDRESS SODE BYHTAL

Rddrage mods syntax 13 expreased in T the  summary bdlow using the
falloding =ymbals: n- i% ‘an integer between 0 and 7 representing a
FogiSter Aumbérs R bg d registor expression; E ia ap ezpregaion;
and ER iz eithecr a register ewxpression or an expresslon in the range 0
o T.

PO e i T—_— S— [ S ST S S T g P



MACRO~11 ASSKEMELY LANGIAGE ARD

T T W T e T T e

! Arkdde o5
g o Moade
: Format 7 Hame
' B T Rigigkar
i
] HE G:f h F.-Eﬂ.g‘lﬁlzm:
: {ER) o deberced
: {E&)+ - hkutolncrement
] i :: )
| ;
| .
@ER}+ = Antoincremcht
. ; Iafeorrart
i :
i 1
- (BR] DoAntoGecrement
0 |
P—(ER} . Autodecrement
| DpLearced
|
i
E{Ea] Tndex
HE [ER} Ipdea Delacred
iE Immedfake
HEE - dheoluote
C B Relative
i
i B Relastive

i D Forred

Bdddragg
M-Aad s
Humber

J=

In

i1

30

-dn

am

0

27

a1

67

ASSENBLER DIRECTIVES

i e e m s s am e mmem s e s am s 4 TR SR m

Mzaning

Begiates B comialns Enge
O T and.

Regiater B conotaine the ad-
dreaz of thke operand.

The vontapts oF  Ehe Lugiﬁtﬂ:
spacified uH . [ER] QL
incremented afrec being wsed
2z the addirese of Lhe operand.

The register ppecifised aa (HBR)
contalne the pointer to  Lhe
&address of  the aperand;  zhe
register (ER}  is  iogromerbod
gfter upe.

The contercts of the cogister
spacified o= [ER] ara
decramented nefore being  used
a2 the address of the operand.
he  cantorbks of  vhe eeglster
eaifiea asn [ER] ara
cremented tefors being ssed
tha pointar 0 the addeess
the apsrand.

[ T R |

b
e
E

The exprezsion £, Dlus  che
cantents af [ALH :ugiﬂhﬂr
spouified 25 (ER}y  Larm  khg
address of the operand.

The expressicn B, plus che
cantaeata a1 3 Lhe register
gpacllles a2 (HER), viald a
piinkar ko the adiresse of the
QPG A .

The erpressicn E is the
gperand ikgslf.

The axproesuicn E i=a e
address of the aporand.

The sddress of the operad B,
relabiwer o the lnskrocbkiaon.
foilows the instruciion.

The -addreza f the ozerznd is
polnted to oy E whose -addreazs,

ctelative ko the inskteaction,

Faslawa the lnateoclkion. .

0.3 ASSEMBLER DIRECTIVES

The: HACRO-11 asgennler direcrives are
Tabla. Frse 3 detailed ﬂéEﬁElgliUﬁ

B N I T ——

s e s o 8 et e e

gummarized in the fallowing
al  mach  direcklwe, the Lakble

ST RL LY

A

-y



HkEEDhil ASSEMBLY LAWCERAGE AHD ASSEMBLER DIRECTIVEE

generates a word which coatains the

T-bit A3L1Y representatiocn of the

“ ) chagacter Lo khe low-order byie and

- gerd In the high-codar byke, Thiz

character is also waed a5 a

condatenatior indloator in the

expaneion of  macro argudents {see
Rectaon T,3.8).

£ containg reierences to the appropriate-sections in the body of tha
H manual. -

fe e e et ¢ i e e - T _—

] [ Beetion - |

| Faem . Heference -} Operatian

H . . ]

n ) . . 4 - ) l
= I oL, 3 | A ainale Qo [apcatrophe )

! T.5.8 - t followsd by ane ASCLE  character

e, - b .3.3 - A doghle geoke Eollowed by Lwo

’ : . CASCIY charpobsers genmcabog & Wl

i which econtains the T=hit MECIT

representation af the twa

: ‘gharacters. The first character is

- : stored in the low—ordec byte; the

gecond character ig ekovesd in  bhe
High=nrdar byka,

“Bn cBadLlE | Temporary radik  contcol; COILEES
: Ehe walue n Lo be treated aF a

hinary number,

"’H'l..' .
B.d.2.2 Tempgasy sametio conkeola CaLsan
Ehe  axpiassian's valuwe fo So ongs-
complominted. '

A e T e Fu et B R EL

1

]

I

[

6.4.1.3 | Temporary redix controk; Cakgss
.- .} the wvalue n° %a be kresced ag a

Dodoclogl nomiar .

[}

|

1

|

Tempurary numsecic contool; Cat 528
*he waloe n "3 be Ereaked az a
glptean-blt Eloaripg-ooint aAumbeq.

b o]
= |
.

B
N
=
2

P

*he waine n to be fgeated az an
actal nombes.

"Gn 5 8.4.1.2 | Temporary radix controlr  causes
]

TERaogT } o g.3.7 Convert ooe B0 Radim-bU focm,

GEnerates a alachk of gata
Lantaining  the ASCII equivalent of
the characker  skring (gnclosed  in
deliziting charactace] one
characler per bybe. £
- [

JASCTY - favr fagl

L —

':'Fh\'-\..

va

S L TN [ S pu———— ] P BT | LT R K Fa T lad i S e i L




Form

MACEOD-11 ASSEMBLY LANOTAGE: AND ASSEMBLFR DIRECTIVES

g e —_—

B ———. -l Tl
bl

i Becrcion

keference

gperation

SAGCTH

JASECT

I .BLEE

| .BLEW

«TSECT

DEASL

EMOBL

LEHE |

« EMDC

ENLDIY

Jstrinas

exp

b 4 =]

BYTE eupl euxpl, ..

[name]

arqg

arq

cank

[reame ]

i B.3.b

h.8.

ul

B.5.

Ll

A2

B.8.1

Ganpratas | Bk of Aaka

ccantalning  Ehe ASCII equlvelent af
ke characker =String fanelasid Lm

Cdabimieing

characlergh. one

s charackar per byk=, wlth = zero
Dhypte terminating Eme  Spooificd

"Girectlve ia

eering.

Hagin or Tesume the abksolute
prograg aschion.

Rozerves a bliock of stoardde  spgace
whase length im oytes is derermined
by the specified expression.

BPeaerves a biock of =rorage  space
wirgae length 1ln words ie Gelbermined
by tho apeclfied =xpressicn.

Generates successive hytes of data;
agclh oyie ocontaing the value of the
carrespatding specified expreasion.

Beqin or reaame named or unnamed
ceiocatable program section. This
ptovided for
compabibl ity with ather FDI-131
pEaenh lars,

Pizable=s the function sprocified by
the argument.

Enablaef (lnvokes: the fun-cricn
speclfiod by the acgamank.

Indicates the logical end of the
2ouECe EEoOr am. The optianal
argusent  dpeclfles the transfer
atdress whote stogram ckecubion 1s
o beqlin.

"Indlgogzes the apd of a3 conditional

agsembly bLilock.

Indinoatns she &ad oi  the cortent

rapeat ulack, indeFLlnibe  cepaeat,

block, or macro definition. The
aptlonal  pame, iE gsed, a2k ba
Pdomcical ba the name speclBfied o
the mauro definltion.

Indivates the «nd of the cuorient
repeat ©Dlock. This @Gicective i
provided for compatibility with

- obher FUF-11 apzemblers.

Igmarecy iadlcates end-of-Lape
[wihiich 1ls detected a2otomalically by
the hardware). It ig 1pcludef  for
compatibility with macliet
AaSsgemblons.
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MACRG-11 ASEEMBLY TANGUAGE AWL ASGEMBLER DTHECTIVES

KFarm

|

i
H

Bection
Referanca

Operatiaon

HERACH pxgrteat

CHYEN

| &0l syal,evm:,...

JIRENT fetcingy

[
!.TF cand,acgl

-IFT

IFTF

IIF cand,arg,
ArateEsant

. ..1,..

T.5

—— e

A.5.L

|

B
B
!

1

'

1

&, 101

bB.LO. 2

- T |

Degez g = Enwoked ZLTLRC directive:
caumasx owipuat ot the listing file
ar the Cammard cuakpd Aoyl oa
cantaining  the opkicnal expression
and the statement contvaining the
direative,

Enswres that the current locatien
counter contaims an even addeess by
gddlng 1 if itk ia edd

Definea the symnoldl{s)] epexlfied as
Jlanal Gyodae] (el

vrovides a means of labeling the
nhj&ﬂh #dwle  wilky ke ProgE am
versiocn number, The worsion oembher
iz rthe Radix-50 string appearcing
b Laae the Paleed “dAélimlblng
cherfacters,

. Begins a conditisnal assembly block

of source code which is included in
the asgembly anly if fne stakced
condition 1s =t with respect o
the argueentiz} specilied.

Apprars aniy withico a conditional
assanhly block, indicacing the
beginning of o section of code tTo
be aaseagcled Lf the condlicion uoon
enbacing the black tests False,

" Appoars dnly within o conditional

asaembly block, indicating the
beginning of & aaction of oode to
be aszemaoled 1f the condibtlan gpan
eitkerlng the blask beses toas,

Appoazs only within a2 conditicnal
assenbiy black, indiecsting the
beginning 4f a gectlon of code o
b sagembled wncondliionally.

- hcts as a  L=Timsa conditional

azserbly block where the ceordition
is tested for the argumenl
apecified. Ty gbabefent ig
dzgembled otly 1P the gQondifion
Legte LEoe.

T T — 1
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MACEO~-11 ASSEMELY EAMGOAGE AND ABSEMBLER DIRECFTIVES

Ferm

N R o
CAEQL,AEg2 e P

SRIMIT

LLIST [erg]

ATCL ;v a W

MCALL argi,argZy.g- ¥.8 Gpecifies the syrbolic names of the

e T

« MEXRT'T

ARG symbcl

HLIEE [2Eg]

o o o s o e o i B o 1 e o e e e . e e

JBRG avm, slringk

. ILRD'nmmm,arqi,

HAERERE gymbal, dstr img> To4_2

Seckicn i
defarence ! Cperation !
4

7.6.1 | rpAtcates kne pagirslng  of  an

Codngefinite repeac block  in which
the eymboli specilied 13 replaced |
;o wikk  eucceezalve elexments of  the
rorodal  argument List enclosed within
angle hraskets.

I

| Indleoates  the bedloniog o as

| dedelivits repoat Block b which

| ¥he specifiad symhol takes on the

! walum 6f  suCSesEive ChETACEEYE,
) optionally enclosed within .angle

¢ brachuats.

6,7 i Hesetves bwa worda into which the
Taek Auilder  fnsecks  the loew and
higk addresses of rhe task imame.

p.l.1 Withoot an  stgumenk, biee -LiET
I direceive  dnpeemsnks  the Yisting
I lewgl coupk uy 1. With an
arsument, this directiwe Jdoes niot
ailter Lhe listlay iewvel cochi, Dot
tarmats Ehe AamssEt iy Tisting
aceoerding i the Abgqument
apacified.

7.1.1 Trdicates bhe wtact of & mecro
dofinition having the Gpeoliiied
name and th= followihg Guo=y
arquelita.

naer I sY¥stem macro definitionk
caguited in  the assezmbiy of the
fLUIIent wseyr program, but wbhich are
pat datbised wlikhlin kb progy bin.

e ¢ S e o — e b B

; 7.1.3 Caused an  eklk Fros  the caccent
IPLEra AT nEsEign ay indefinite
repeat blook,

Toi.] Can  &ppFeat oily wikhin a macea
daliricdion: eguazid the specddloed
Dymicl B bBne nunees af  argunecta
| in the mwacre oall carcently being
expateied,

]

| can csepear  anywherse in & sbGubos
| pragran; eguates the svmbol
i wouc i Fied Th the nuamber af .
! Ccharacters in the aspecified string,

Griol P withect an  srgumeht, the JHLEST
directive deqremencd Lche llstdmg
levai caontk Ly 1. Witk At
argaement; this Adlfeckive Bupptesses -
thai Sorkion o 513 1lsking
epeciiled by the argmnent, i

———— A e e

—
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MACRO—1] ASSEMBLY LANGUAGE AKD ASSEMBLER DIRECTIVES

Form

S

Section
beferance

Dpsrpat ban

LOLD

« PAGE

FRINE exprtiext

aktn

LAATIE T

BN T s ekt T R e

SARDSG Sostrindgs

LAERT pxp

.EBTTL s5tring

TITLE strCing

e T B P ST

LATYPE eymbnal, gexgp

. PFEECTE name.attl,...

JHORD mapl  =xnld, ..

T.4.3

bal. @

1.5

B_1.4

6.1,

L

e e s e e oo e 0y LY S N g ——  S—— ey, g, s— gy "l ey [T ST T TP L ™~ =TT -Tre

Canm  appeat only withia a macra
definition; eguates the syrbol ro
che 6-blt addrasging @eade af  the
apeclfied addreas expregslon.

Ensuree thai the curcent location
cauntar  conkalma an odd address by
afding 1 Lf it I5 evaan.

faxses CLhe assembly liating to skip
to the top nof the next page, and to
lperemerk the Dage count.

—

Taal i nvokerd Cues S5 e dlzpctiye;
cadfcs  oucput  f6 the listing Flle
ur  fthe compand autpat device
containing the optional =2xprescion
and the ptatsasnt containing =he
dirwotive,

FBegln or resums a named a5 UaRAEss
PLOgTEm Seckion hawing the
spociTiad attvibutes,

Llters the current program radix to
fy where n ls 2, &, or 10.

Ganeraton & black ot dats
containing the Radix-5 equivalent
of the character Bifring encloged
within delimiting charsckers.

ey torzd a repest hlack:  fapsed  bhe
Exctlon of  Code up tn the nexk
EHOK  or LJEWDBR Jirective to be
repeated the number cf rimes
specified as =xp.

Caguscs the specified stoing o e
printed ws part ol the azgembily
Listing page headsr. The strimg
component of each ESBITL ditective
is coliectad 1imto a table af
contente at  the begigning of the
f#a3embly ll=ting.

Agaigny  the Fipal =21y Bl r—5i
charactere in +the atring a&as am
object module name and cauass the
szring b0 appear on 2ach pege af
the assambly liskting.

Generates HBuccedelve words of Jdatar
each word containe the value of the
agrrepposdling dpecdified pxpresaion.

]
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AEFEHDIN 2

PEAMANERT SYKBOL TASLE (FET)

Tha permapent symbol table (PAT) containe those symbols which are
automatically recognized, by MACRO-:I3. These symbols coneist of both
op codes &nd aEgembler . directives. The op codes li.ga; the
inabtrucilion gLk}l are Liataed firsg, Lollowed “i the dlpeacoives which
codgr Spreifle sockiond during astoimly.

For a detalled descripition o2 fhe lngtruckisn sed, See the sppropeiatas
PoP-r1l Procosgor Hapdboak,

C.l GQF CODES

- S e R
i GLTAT !
I MHEMCRTC VaLUE . FUHCTIOMAL HAME :
fE1C | gusson . -AGd Carry
MBI B IQIELG Add Carcy [Byted
ADD i UeeE00 Add Socutza To Destinaning
AsH { U72cin - Shifc Arichm=fically
) AEHZ i L7 3q00 Arirhmatic Ehift Combined
X hSE { nirgagd | Arithmetic 3hif: Lefe
| LGLE 3 144300 { Arirhmetic Shify Lecec {Byba)
i A5E 4 Qb 200 i Arivhmektic Jhifr mighe
! ASHE 14620y | Arlthmebic Snlfs Highe (Bybed
. B 1dswiy 1 Brageh IL Qseey I8 Chisar
| BCSs 143400 | Brapch If Carey Is g%
i BEQ _ uildgo | Brapch IF Egual
AGE H Qiidoog i Brancsh 1f Greater Then ©r Sgual
BET HESHITIH I Branch If Greater Than
mei T E 141900 | Brangh IF Bighes
BLELS lutobu 1 Branch IE Aigher 1 Same
nIC b&osdin 1 Bit Clear
BICH i i4a0n i - Blt Ciear [Bykm] .
BIS i -Usuebo 7 Bit Set
BISD FEQuLh F Bik Set (Byte)
BIT naggod f Bit Test
BITBE 1ydano Bit Teal {@yte)-
GLE ouaang i Bramch If Less Than Ly Egveal
BLLC 10324440 ; Branch If Lower
BLOZS 201aGo Hrangh 1f [ower O Same
BLT OA4DT Hranch [f Leas Tham
I e g e et e ]

e — —— i e [ —— I e ] R P P T S P T — e o e -




EHEHCEIC

B

GiML
: B E
. BET.
; i BET
: ! B
i B
! s
[ CaLL
Cos
CLe
CLM £
TLR
CLER
Ty §
T :
CHE !

wMEPR !

L |
COMB |

DB
JECE

DIV
EMT ‘
TFADD

PiIW |
FAUL |
FSUH i
HALT |
IKC i
THLHA

LT !
JHEL
JER
WRRE
KTFFL

MEFPE

Ay
MOV

; ML L

RESET ’

FERMANENT SYMEOL TABLE (PST)

I TAL
YALUE

]
-
V
i
¥
i
1
1
i
|
|
1
1
i
|
|
1
1
1

100400
nolaoo
LOehno
DUOGoE
podgLin
102000
iezan0
ua4Tng
UUdEST
Queuwsdl
oG5
ouzobn
iGzo0n
howidd
nouidd
D200

11dupu

Qaslo0
1a5100

gosibd
TSN

ar1ong
1a40ud
BIRO0G
(0FLpde
0 randg
05046
eo0o0a
Duh20h
Liahddh

Ganoid
L0k
an40ga
Luedian
dieso0

LOGI0u

graonng
110004

DGk
Tuaqdan

aroanu
uosdadn
13400
Qlazan
e
nogan?
ouglon
L0&100
dikeL00

SR NP —

fmmm . e e e aem e wnen,

ELNCElOMAL NRmME

v s -

w —=mared

Branch If Micuea
Granch LE Mot sigual
i Qronsh IE Plus
Grea¥poinlk Trap
Brancely Docoantd Eianal
Branch If GQwverfiow Ts5 {lear
Brznch If Owerflew Ta Bet
- adenEp Toe Sibreatine J58 PO, Rxx|
Tlear ALl Comditicon Codes
Clear © Candlilan Code Bilb
Clear W Condition Code Dik
Clear Destimation
Llesr Descipation (Byte)
Clear V¥ Condicion fode Bit
Clear T Condikian Cods Ble
Compare Sagcoe Ta
peatination
Compere Soureca To
Centlnation [Byke)
Lopplement Destinakion
Copplement destination
{Bvkea]
| Decroment Degbipnakion
| hesrement Deoripnakian
{Avtal
Divide
Emulakaor Trap
rloating Add
Flosting Divide
Ploating Wultiply
Plasting Ruaborachk
Holt
Increpent destination
Incresent Destination
[Bycal
Inputslotpout Trag
|TI_'|I'|'I|:_I
Jump To fubroutine
Mark
®ovye Hrom Previous
Iasteuctkicn Space
‘Acye from BR
(LET-11)
Mowe Bource To Destinzbinn
i Mowe Source ‘' Destination
(Bwrhef
Mown Ta Praviaus
IlnETIuction Space
Xove Lo B
rusr=111
Hultiply
Hegste Destlaakion
Feoate Destinatbion (Dyte!
ko Operazicn
Hopzt External Aus
Ealurir 2'eom Subrocuetine [(RTE B
okLate Left
#Horate Left (Bvte)
fiokate ERight

A

p— L (e LA T G R G RN g — e e s (N W, LA
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g

T

R

HHEMOHL C

" S T -

RGHE
ETI

Hi'S
ETT

e
=1
=1
BTG
LEH
EE
SER
aof
£aB

SrhD
SAT
TahE
5T
TSTR
Wb T
RO

PERMANEHT 3YRABOL TABEE (PET)

S T -

.
i
|
|

CGCTAL :
PALLE i FEWCTIORML HAME
1oeduld Bortate =rght {Gyte)
- e300 2 Feifpen Foom Intacoeupk
tFarpits & Ercaro
brag)
DO Forarn Prom Subrogbine
] LUUDYE Reryrn From Tntocsaphk
d . [iehibika braoce tragh
i WOSEEE Subttace Larey
: CEGSE DD HBubtract Carty {Syte)
aupEY? ¢ HSat All fenditlan Code Biks
0edzE1 | Eat € Dondition Cede Bit
Gegs?d Set B Jonditicn Code AlE
giRG2az ! Ser ¥V Condition Code Bit
davgEd 1 - Bebk I Condition Cody Bit
STRAUG | Subkrack Oog And -Branch
lequag | Guptr ot SourseE EFrom
[ Deatinatinn
LhnAeg -Bwap Briex
06 TGE sign Extend
14460 | Trap
; 0037604 | Test Destinatieon
1 TEETED L - Test Destination (Byte)
| Go0o0E ) Waip For Intereupt
aranun 1 Exclugive 0%

Qr CODES PLOATTHG POINT FLhW HBEOR OKLY

]
——— e m e e el e R,

-

SR

—_—ea AR

-

ol i "ol o o e o T ™S e e T e e A e L P B s i A m———y

e S L L

e R Lk

DCTAL ! .
FHEMCHIC LR ‘} FURDILCHET MNAME
ARSD ' L&D 1 Bake thyuluts BDoubkle
LSS | LTHELL | Hake Absglure Floatiny
AOCD 123000 § Add Double '
L¥a i 1Ty 0 RGd Floeting
CROC 170900y - Tepy Floating Eondition
1 Lodr a
CLAD : 170400 Clear. Doubie
CLRT { 1704t Gleer Pirating i
CHED : 1740 Coupare Douple
CHPF i 1T3ae CnE?¢E¢ Elogsipg
[EX 134 [ 174400 Giyide Donkle
Ive 174406 Nivideg Ploaking
LOCDF | C1 e Lomd And JDoavert From
- bpnble Tg FPlealing
LOCFD ! 177449 Lodd And Convert From
| Flosting To Lowble
LI : 17700 Load And Coanvelt Lategser Ta
i : i T Haybkle
Lo Ll ! E2¥n0 : Logd Ang Consner Eatager T4
' o Floating
-LOCLD = LTI Lnad Aad Cepvert Tomg
. i | - tntegar To Touble
LOCLF- 177066 Load Rpd Jonvert Long
Inkagar To Flosting
LoD L7450 Eoad Donble
LOEXR l LTa&a0 iLoad Reppstant

ST S S S . BE e e e ——

=3

¥

™ TErp T




D

e R

MMEMONIC

L —————

LGF
LLOFEL
MFEL
HOLD

Mol

L W
ML
MULF
NESZD
HEGE
i S L
! SETF
i SETI
SETL :
SPL
; ST DE

STCGET

STCLL

STCFL
STCTT

S1CEL

S5T2a H
STEXE
oy

b= o R
STET
; SARL

i SURT
i a0
sSTE

— e e e el

DPERMANENT SYMBOL .TABLE {EST)

: Noubkle To Long inbeger
Liacoo : Store And Convert From

; rloating To double
L7 400

Ytore And Converst Frosw
Floalting To Integer
173420 | Gture And Convert From
Plooting 1o Lonsg Llnteget
17a0dD Store Lougble
LIR0GD Store Expoacnt
Lragd Store Fioating
Lyuddy SGtere PEPG Program Statos
Lyuida ! soore MPEPz Statas
g JULVER ! dubtract Double
I RicT T EER Subtract #loating
LT05CS ) Teel Doubila
170534 Ti:gt Plaating

———— e - e
QCTAL
VALTTE FIKOTESERL: HAME
1724006 Logd Floating '
Telou Load FrFs Program Status :
SR Move From Brevians Daca :
Soace :
L7a440 Al biply Rod Intager izo i
Doubie
171404 Multiply &nd Llntegearize
Floawing
LUbGOD Move Ta Frovious Aata Gpace
TIOGED Multiply Toukie
1FLui Mulztiply Floatinag
17070 Megate Daubile
LVDTud hegate Flesting
l7unil e Doabkle Maode
17hpul et Floating Mode
iroond Get inkeger Made |
170082 Sat Leng Tnkeger Made !
géb23a Reyt Friority Lewvel
17 e0un ftore And Convert From
| Boulle To Elaatlag
175400 ' Etare And Coavaort iram .
Dagt:de T Tniegrer i
L75a0u Gtace And Tenvert from i

f e o e —

C.2 MACRO=11 DIRBRLTIVES

3 LTRBSTIVE

S T

ASITLL
JESCLE

«ASECT
LB

 BIEW

i - HEGE

LCY4ECT

FORNCTIONALD STGHIFICANCT

Translates character string to A5CEL egquivelents.
Tranelates character string to a8Ci1  equivalents;
incerts rere byke 285 laat charachber.

Brgins abrsolute peogram gectlan  (peawvided faor
compaiibility with olher POF-L1 aseembllera].

Kegervae oyls black Ly acvovdance witk LLE I RT3 ¥
apecified argument.
Ragerves wotrd block 10 seeacdmnce with wvalum of

gpecified acgument. .

Generatea suscessive byke cabka in acoprdance
apecifled argunenks,

Bxgins rolocatanle poogram sectiae (provides for
cospatilility witihv nther ERP-11 aasenbklers).

with
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PERMARENT SYMBOL . TRRLE (FST)

ST T R TRE TE - —

FUNCTLONAL STGHNIFTCAHLE

« LFASL
-EWAGL
. Enb

- EROG

« EEDH

« EfNiTE

A
 ERADR

CLEME

.1LF

. IRF

«MCALL
«MEALT
~HEEL
«HTHE
+HLIST
HTEZE
UL
«EFAGE
+EREIWNT
- PSELT

-BADIX
PRRLEU

JAEET

1
3
1
g

Denlares globs

CR————

Digables gpecifled fumckion.

Fnables speeilied . function.

befinos 1ogical and of sourcs pLogcan.

Defines end of conditictal aseembly block.
Defines ont of marrg definition, repszat block, oI
indefinite ropést. Dlogd.

Ciflhee end &f gurrenkt repeat biock (providfed foc
compatikllicy wilth otder POP-LEI sesemnblers).
pefine End of Tape conditlon [ignored).

Cikpuss dlagneoztic msesage to lietieg file  or
cominahgl gubtpyt dzoioe,
wWord—aligas bhe cubgen

S e e
attribute
mediale  with epecified ProLaaE am

Lahelz abject
varalon nomber.
Begins conditional assemoly Block.

EEE T asubcgndliionzli assambely black (1
congditinrzl, gasembly block test is falsel.

Beg 1R subeandltionzl aasembly nlack (it
condizional assemsiy plack kesgt ls true].

Engins subconditiomal asserbly bBlook fwhather

vondlzional assembly blook fest i kree or false).
Auserpniel imnedliate sonditional assembly statement
[if specified condition 13 eatisfied).

Begins indofinlte repeat block; ceplaces
apreifled evmbol with spocified saccessive real
arourents.

Begins indptfinltee repaat icchkT feplaces
cpecified aymbol  wikh walue of successiwa
chatacterea in ppecified string-

Begerves twe words of siorage For hlgk and Low
addresses of babk Lmage. _
Controls listing level coun and Farinat oL
zggembly listing. JMRBCRD Denotes start ol movro
dofinttion.

Idenkities reguired macrg deflinltlaniea) for
AR2eliniy.

Rxik fyom current maces definition or indefinite
repent mladak.

Bquates spocifled =symbol Lo the Tunke of
sfguments in the macro éxpansion.

Fguatass specified aymbol T Ehe numbai of
charwusees in the specified <haraster sirlng.
Centeokls  listlng  lewel count and AupprEEEes
gpecifled portions of the assemnbly listing.
Equatez specified zyabols ko the addressing  made
»E khe gpacified arqument.

Byta=aligna khe corrent location oountre.

Ldvances fota ko bop of next payge.

Prints specificd smcassge on command cutpnt Sgvice.
Eoegineg specified pruegram fecklion nmaving specified
artribures,

Changes carrent orogras radlzs to apecifisd cadix,
Generates date block having WRadix-3F  equivalernte
af epacifled character string.

Bogids repeat Slock and epeplicates it ascotding BEo
the walue af the specificd «Xpressisn.

C=5

R = — ey

e —
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PERMANENT SYMBOL TABLE (FST)

aa - e e m—— worna

DIRECTIVE PUNCTIONAL STGHIFICAMNIE .
L —— et e B - .|
LEBTTL Primts specified svblLitle font as the second line
. of the azserbly Listloug pags header.
+TITLE ¢ Prints apeclEled title toib as ebject module name
¢ i the Flest line of the assembly klsting page
i headsr.
: - WOHD P oeEnerates suwocessive word dakba in acsordsnce withn
i i specifiied arguoments, :
L. | ) e e

The MACHC-11 directives lisked above ace summarized in gecakar detail
in appendix B.
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EEFENDIN I

DIAGNDITEC BRROK MESGAGE STMMARY

0.1 MRCRO-1]L BRROR CODES

R Alagnastic error onde Le printed as the Fivst character in = A20UuLce
1lne whirh rconkains an ecror detected by MACHO-11l. This ecror code
jdentilrles & syatactical problem or =ome ethe: type of error condibion
detected durlng bhe processing OF '3 80UCCE liope. A&n example of such a
pource lino is shown Delow:

¢ 26 &00236  DIULL2 MOV wL,RZ,A

The extfanceous argament & in Ehe WOV ingtruction abore caeses the line
to Be flaggad wpth a O (synhaxp ercor.

—_ cma —— e o R e — S

Etror code . Moaring

e e s 1 —— — s b ——d e meme

& i Amgambly error. Be¢ausse many different  typos  of
P oerear  condltions prodece thie dlagonoatic messaqge,
tall the possibie directives which may yield a
genecal ‘aszerbly orvor have Dekn categorined et L
‘ ta sebllect apecific classes oF ecror conditions:

CATESORY 1: ° TLLEGAL ARGINENT SFECIFLED.

CEAETE s A walue piher thar 2, B, or 14 i3
sperifisd as a pnew radls.

P L LISTS.MLIST -- Cther thar a  legally ccFloed
Cargoment  fYEee Table &=l) i2 zpecified with the
direckive:

|
1
| LEEAGL/.D3ABL —-- Other tian a  lagally defined
argumant  [ooe Tabla 6-i) is spogifisd wibkh the
ditective:
JPSECT —- Other than a Regelly-deflined argument
[ riopes Table G=30 is spec lflad with the
! Girective.
; EESGITE == Shbee Lhan & legally gallnag
E aanditionsi  teosh (%ea Table 89-%1 or =n illogal
1 argument sxpressidn valoe is specilied witn the
1 diregiclve,

JACRD == Apn lliegal or dupiicate syebol found
in dummy argusasnt list..

e e

el R e i R e e e e P

=1

R T T

e

P —— . e e e+ el 2

i
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DIAGHOSTIC ERROR MESSAGE SUNMARY

Error Code Moanring
g CAFECZORY 21 HELL ARZDMERT R SYMSOL SPRCL¥IED.
(Rank'd) !
: « TLTLE —= Peograe neme i nok spacified in Sho
dlregtive, o firse snn=-blank charactar

Fellowing the dirsctive iz 4 non-Kadax-hu
charaster.

ARFSLUIRPC -~ Mg dummy srgoment iz soocified in
i hi: directive,

JHARG/HCHARS HTYPE —— Ho symbol iz epecified
La khe directiswe.

JIFSVITE —— Ho conditicnal acgument iz
specified in the directive.

CATEGDEY 2: UHMATOACRD DELIMLTER/ILEEGAL ARSUMEET
CONSTRICTICH,

ASUTLSARCTS S BADEG /L IDENT —— Oharackor gbtring
ot argument string delimiters do not gatck, oL
an illegal chargoter ie used as g delimiter, or
an Lllegal argument conBtruction is used im -he
diractive,

FOHAR —— Chatwcter string delimiters do  wak
Aater, of an illegal whataccer e used as oo
' delimiter in the dlrostive.

e

D CATRGORY 4: GENERAL ADRERSSING ERRORS,

This tyre ol error results Liem one of aeveral
posaible conditicone:

1. Fermissible rangs of a oranch  ingtracrion,
i iee., Eroa -128{10) t£g +127(1%) words, has
P bean efcecdad.

3. A atateomest maker Invelid e ol the
CUE Lot locatian counker, ., T
".2aupronsion® alezument attemple to Farce
the curcerxk  logation coumtsr o oroga
rrogram saestion [WPSECT) boundaries.

3. & gtitement conkalas an inwalld address
| CXICESE L. In pases where 28 absoluote
1 - . . -

‘ address expregslon is cequired, sasevifying

o ——————_ i — T 1

a aleobal symboel, a relocatenle walae, ar a
cooplox relogarable walue (zee Seclian 3.4)
resulbs in an invalid addrecs expreszion,
Similarly, in cascs where & reloocatable
i pliress erpressien is requlred, eicher a
telopeatabla (e14 abrszliba datup is
cermizeible, but a glabal gymbol o a
i coxples relocatable vwalupe in the atatement
lisewime resuitzs  in an iovalid  address
eapressian.  Speclfic casas of thix type of
srcar arce those which follow:
N . e ——

fR—
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DIAGHDETIC ERRDOER MESSAGE SUMMARY

Maanirn

e ———

——

e — .

LELER/  PHLEA/  REEFT == Other Elan sn ebeclace
value or an =axpreeeion which reducezs t2 on
apsolote valwe has been specified with tho
dlresbklve,

'
b -

Mulbiple ¢xpeosalons are nok seperakted oy a
COEmA . This econdibtion cauwsea  bthe next
aymzol ko ke evaiunated a5 patkt of Ltk
current exlptesslon.

CRTREGORY 5=z TLLEGARL FPUORWARD REFZRENCE .

*hiz oype of error rasielts from zither of  twa
poesible conditiona:-

1. & glabal dagzgnment stateneEnt
[ayRoal==eiprezalcn) containe a 2 forward
refosence Lo andther Symbal,

Z. An expression defining the walue of the
curcent kocatlon counter corkaing & forward
teforend. ' :

‘Bounding errer. I1astructians or  woed daca are

belng sgeembled ac an odd addeess. The location
cownter Le insiemesnted by L.

Louhly-defined =ymbal ceferemced. Bufarance wak
made to a symbol whkich is defined more than onco.

End Jdiraobive net foond. When dhe and-of-file 1z
reached durinmg sowrce input and tee FRED direcbive
kas not yet bean encoiantered,’ CH-11 generates
this arrer code, epds sggsambly pesz 1, and
procecds with assesbly pass 2.

11legal <harscter detectdd.. Lllegal <characters
whiich are also neon-printzkble are replaced by a
gqueation mark (7] on the listing. ke character
ig then lgnoved. -

Input Line ig greater thaw 133(13) characterse in
longth. . Cuceently, tbhla ertear conditlen iz caused
only throuwgh excesmive substitubion 35 Teal
arguueate fac dersy acgumerncss doeing the expanalon
of a macrn.

Muledgple definliion of a label. A label was
enccantared which was eguivolant {in tho Flrst &lx
shargckera] b0 & label previously encountered.

A mompber cantaing a digit  ghak  is pok fn Ehe
current program radix. The number is evaluatod as
o decizmal valuar.

Cpoode eETOT. Directive unt af cantgxt,
Fermissible npesticg  Tevel Jepkh for conditional
assepfAlies has bheen edcecdsd. BEtépot fto edpand a
zacco which was unidentifisd aftor (NCALL seargh.

EEREE LR
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Zrrer Code

il

DIAGAGITIC ERROR MESSAGE SUMKARY

Hparning

Ehass aoroc. & label's Sefinikian of value waries
from one  assemlly  pase ko asobther o a multiple
definiticn ol a lopal sysbol has accurced within =
local  symbol biock. Alsa, when in a local syabol
block defined by Ehe _EHABL L&A Jdirective, an
abtempt his accurced to define a lacal syabel in &
program saction other &has  Lhet which was  in
effact when Lhe block wes eskerpd., A& P arror code
alzao appears IF an JERROGE directive is aezembled.

Duepsticanble syniar., Argument:s ate wmlssing, toe
many  aroumenks  gre gpecitlied, or Lhe inszcuction
gcan was not complebad,

Feglster-tyony oTrorp. i inwalid use of ar

telorence te A register hay  leen made, or an -

attempk has boen made to redefine a =zkamterd
r=gistar symbol withont firelk ilzeding the (DSAEL
fitis dicaoblve,

Tewuncabion wroec. & punber generated more knan 1é
Rigs  in & Word, Al an edgreaslan genssekod mbre
than 8 szignificant bBits dxting the ws=e of the
«BYTE dirpctivn or trap (EMT or TebEF) instractian.,

Cndefinad zyxbol. AT unnde £ 1aed AT Wl
encaunlerad dur knyg the avalgssion if a0
exproesion;  =such an uodefined symbaol is  sssianed
a walus ob aerc. Othep pessible conditizsns which
resuik in kis ercor code  incloede  unsatiztliec
Mucrd nRIes L Lhe iilsl of JHCALL argumests and o
direst asaigment  {evmbhol=exosezsian) stateaent
whickh contairs a Lorwsa refForenze to a symbhol
wWhoos deflalkeian R cantains a forward
referencs; gleo, o lawal  symbol wmay hawe been
sekocanced that dges et exist in the courtrant
lo9gai symhae]l 2lock.

nakroction erear.  The ipstossticn so flagged iz
nit poempatible ameny  all menders of the fRpP-li
family. Ero Sectbien 3.3 for derzails.

T
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MPREWALN €
SARFLE CODING STANDARD

£.: IWRTEQDUCTION

Brapdards eliminatd watiakility a&and +he requiremant oo Bakn &
Becialoan., Much of the Jiffioulity in estabiicaing standardse stems Irom
the potion that they should be optisml.  fHowsvestr, Lo be gSuccesalolly
appiiepd, stabdards WeSt FeprfeEent ap agreement on TeLtain aspocts of
e programsing pEecesSs.

This Appesdiz coptailps DEGITAL'eE PIP<1} Program Coding Stapdacd. It
in suggestad that this be wused 33 a model o asgist users in prepsacing
Erandhrds Tor thaeic owh lnatallavions.

E,2 LIHE FOERMNAT

ail source lin®s shall ctmyist of feoe one to a maximom  of eighty
tharactors  {aot  ipcloding the asudit tewil -added by SLIER (SLE 1n
REY=11¥) sdikar. Thizn prageam ig deacriked in the applicaizle RER-11M

-6 RESX- ];D Dridities Mesual or in whe [AS Eﬁll-hE‘LtliltlEE Heferenoe

Mamwal (Hee Section .9, im the Brifase).
Azzmerbly iamgoage code lines shall have the followindg fotmakb:

2, Label Tigld = if presﬂnl, she Label aball stact at tas stop 4
{ealamn 1],

2. erercation field - rnq ;pnrazlnn field shail gtark st tab =top
1 dsplumn D).

i, Oxwmramd Finlé nlth& sperand Fleid snall start at tab =stop 2
feulomn L9,

4. Comsments {firld - Lke comments Fieid shall start ot Las stogp §
{ezalomp 33 sed may septiaue o, ooloon 8,

Camment 1lmes that are included in the cods hﬂd? gaail Lo delisdted by

& line econtaining only a lesfdirge samicelon. The comment ltgell

womtaing & lesdlng semicolon =nd starks in nﬂlumﬂ 3, Indsnts shall be
i ben. : .

If tih doairand Fflalds extends neyanﬁ tabk =ztop 4  {columb- 33} eimply
lzave & spats ahd bBihet e coweent.  Tomsents sitlech apply Lo an
ingtrrstiom bEat fegetite Ssativesclon zhovld alwveye 1ine wp  wltn  Lhe

charscrer positioa which stiartad the Compmnt,
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EAMPLE CODIRG STANDARD

E.3 COMMENTS

Comment ali ecoding to conwey the glabal rals of an inetrucklon, rather
tham =imply o literal tranciation of the instruockicn into Sngiizh. in
general this will conelabt of a gomment wer line of oode. If a
particularly diffiecalk, wiscure, or elesanl Lnotruckiszn sequence is
nsed, & paragrapa’ oF camments moest Immedfate Iy precede rhak santian of
cade .

Frefuce texl, which describes formaks, alqueithme, program—local
variobles, ets., Will Be delimited By Lre chacarcter sequence P+ at bhe
gtart of the ktext and :- at the eand; these delimiters Eacflikske
automelbed extraction of narrak:ive commcntary. The comment |txelf will
atatt i= onluozn 3,

Far exampl=:

&

TIE THVERT HOUTINE ACTEDTS

& LTS QF HANDOM NCMBETRE AMDR
AFPLIES THE EOLMOGOROV ALGORLTEM
T GLEAABRETIZE THEM.

E.4 HAMING BTaMDAROS
E.4,1 FRegipter Standards

B.4.1.1 General Purpoee Reglsters = Only the followimg mames  are
peymitted as regisber  oeses) and may not be vsed For ecy other
rurpnse

BU=3%(] ;i REG

o
Elwgl *HEG G
Biwmil FRRG
Ki=%3 FAENS 3
Rdedd iRES £
R3=35 TRES 5
Sh=%5 FETACHE POTHTES (HEG L}
PC=4%7 - FHROGRAM CUUMTER [REE 7
BE.2.1.<£ Hardwata Fggisters - Thesze ragipter s Ayust ha named

identically to the hardware definitlon. Far cwarple, BS and SWH.

E.4.1.5% Devieg Registara - These are aymbolically naped  identieally

te the hacdwarc nokation. For exampls, the control status register
fer bher RE digk is BREOS, Only Rhiz aymbolic name may be ueed Lo refer
to Lhis reglucer. :

S R S S R W 0 80 S I S P L o fe o e e o o — S— £ oo S — S oo S— o s 55—
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SAMPLE CODING STANDARD

G.4.2 Procassor Priority
Teating ot aitering the processer pricrity is dote using the syxbels
FRU, ¥RL, FRI, ... .FR7

which are egquated o theiy corcesponding priority bit pattern.

B.4.3 Other Symbols

Frecuently-osed Eit patteens such as CR and LF will be made
gegyentlonal ayrbelles on an as-needed basic.

E.4.4 Telng the Standard Symbolics

The redifert shandards wil: ke definedi within the oasserbler. hll
other standézcd syobols Wwill appear tn a File and «ill be linked prior
Lo program sxecotion.

F.4.5 GSymbole®*

£.4.5.1 Global Syxbals = Global symbols ehoeld be sasily recognized
by their Eformat. The fallowing standecds apoly aad completely define
gynbol standards for POP-11 Madiuw,/Tarsc seftware oraducts.

1 H 1
gyirbol pged—] pas-1 oo | pras—4 prE=5 | pax—f Iangthk
noneglni-sym | Letter | a-namf| a-mumi| a-mumg| a-mams, a-mums} sel
nwll nuil mzll nuil nzll E
[ giblezym | 8/, | a-nuef| acmem/) a-num/] eenum/| m-nunf| e=l
kL mll nell null el
nibl=offaat letter | £/, | a-nom | a-num/| a-numf| a-numd| =3
- mull nall gl
i - U VR T
gikl-bit-pirn | letter| a-num | 27, I avnu*f a-numS|  a-pusS| =4
E rll | mall
R 4
Ticcal-mym [ e | % £ md
] f

S TP [ R R —r

% Symbola thak are aranch cargeta ave also c£alled labele, bub we will
always dse che boys “syzbal”,

** Mgmber is in the racge Uinumber<Bbbis.

*#xF Sha yse of §or . for glabal names Lo reseiemd for DEC-suorplied
goftware.

o o S J_— g o e g— G - o p—_ -y —




(SAMPLE CORING STRNTARD

whete: ) .
AP inm an alphanumeric charactsar.
neseslobl-sym are nan—glabal aymbols.
lacsl-sym Iocal symbals, 25 defined by
MASRO=21,
Lk = sy are gqlobkal syrmbcls [addresseal.
aglbkli=nffset ife global offeets [aksolute
coanklkiesn). i
@l =hic=pton agra glabol Dit patterns.

b procram mever ogotaing & L GLOBL gratemenk wltbout skhowipnyg causo,

Be.d.3.%2 BSwabol Examples

ton—ilobal Symbola
nlm -
A
TSR

Lubal addcess Symoaols

SJIM
LWESTR
FEEC

Glolal Absaluts OFfact Symbats
AEIIM
BT
A kKT _

Global GiL Fatkern Svmbals
ALEAD
R3i,G
J1.M

Local SvEnols

3P G

.45, 3 FProgram=Logal Symbals = Sclf=relative Hddress grichmetic
t.#ny is5 absolut=siy Torhidder in branch instiuctions: ita ose in
cther contexts must be aveided if atr all pessikble and practical.,

A Ml o, Rl Ail "l Befln e e = v S —— S—— ———— ——— A S L T S S R R e S L T R i e R e ks I
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EMMPLE CODIMG STANDARE

Tatgat gyebcls for branckes that exist solely For positlopal reference
willt uvzsg loacel symbols of the form

NUEFE: -

Lze of non=lucal ayebcls Ip restricted, wibthie caastm,; o Higee  fases
whe e refarance Lo the  code ooCcuca  =XKternal  to the . oode.
Logal ~syenols are formatked such that the numbers piocesd gegquentlally
down tine page and TEom o pBge Lo page.

j.d,5.4 Hacro MWamss - The last two  characters | [with the last
charaster possibly being cwsli) heve speclal significance. The next to
laet charackter is o %, the last, a chagacttr gpecifyine the mode of
Ehe macro, . . -

FPur azample, it the -kEhreg macro Zotms in—line, etack, and pesection,
the in=line form baz =o saffixz, the gieck -bes a&an (5, and the
p-gection a 40>, Thus the BSYX Quoue T1)0 maddded can be wrltted @3 any
of :

(RFEEE
A Rt
OI0%RC

depending on the Eorm reguired, These sre gob resgrved letfttera. Only
the form of the pame is stanosEd. ) : )

E.5 FROGRAM MODULES

E.5.]1 General Codsgents on Fragrane

In cur scftware, a program provides a single distings  Fonctian, Bl
limits exist om size, but the single fonctisn liditation abauld aake
maduler larger tpan LE a rarity. Since any  saftware @ =ay oventually
explokc bthe wigtual memcey capacity of the 1140 ang 1is45, progeams
should make every etlempt bo maintaln a dense refezence locus {deo oot
promisoueusty branch  pver page . bowundaries eor ower & iarge absolute
address distanoa?. : ’

411 code is read-only. CoSe &0d dats arcaes are  Jistinct  and  =ach
conkaine erplanstery text. Heasd-oaly datd should -be seygregebed Fooud
tead-write dats.

E.5. 2 The Modale Preferce

Each program moduie in the eysker zhaii exist S a zeparate file. ‘lne
file name will reflect the name of the meduls smd the f£ile mype shall
e of bhe fora "MHH'. The "KEN' gigunifies the edit nuomber e the
parsion number. IToe vergicn number shal: be changed only when a now
baze levwel i=s cresked, Fortherwore, Lf no corrsotioms are mades toe &
File Frozx one base lavel o Ehe pexl, the wergion number w111 nat be
chatged. The aupllability ol Flle Cantrel Serwlieea and ¥ile Contrel
Brimitives will greatly simplify vecsion nenbee s lebenesee. Pooglam
wrdizlea adhere o a skrict format. This formaet adds Lo the
readability and uwnderstandabkility «of the  module. The following
gectiong are lncivded in each modale:




ELRMPLE CODIRG STARNDARD

For Bhe Code Scobtion: .

1.

ia,

Li.

LA JTITLE stacsinenb thak specifies the name of the modwle, IF
4 mrule contalns meee  Lhan ons routine, sSubritlez may be
uzed.

A LIDEWNT atakterent soecifying tee wersion fnumbe:r. - The
PDP-11 wopsien number standard -appears in section E.L0.

8 PSEST atatement bhat fefines the program secticr in which
the module rezides.

b copyrlght stebemedc, and the dizslaimer.

COPYRIGAE (O] I97Ek
OIGITED EQUIPMEKRT CORPORATION, MAYWAERD, MASS.

FU1Z SOPTWAAE 15 FUGEHISHED UNDES A LICENMEE FCGR [EE
OMLT QM A ATHGLE COMPUTER SYSTEN AND MAY 32 COFILEL
QMLY  WITH TRE IMCLUSION OF THE ARDVE COFYRIGHT
NOTICE. THIE BOFTWASE, OR ANY OTEER COPIES THEIFOR,
MAy NOT BE FREGVIDED GA OTHERNISE MADS AVAYLABLE T0
AkY CTHER PEREUN EXCEET FOR [3E OM SICH SYSTEM aAND Lo
Ol W RGREEE L0 THESE [LOEMSE T2RM3,  TLTLE TC BHD
CWNIZREILIF  OF THE SGPTWARE SHaALL AT Anl TIMES KEMAIN
LA DEC.

UHE INFOIMATIODE LE THIS DOZOKRENT IE RURIECT TO CUANGE
WEITHOUT NOTICE ARD SHDULDR HWOT 3B CONSTREED 25 4
COMMITHEWT BY DIGTTAL EQUTPHERT CORPORATION.

OB BABUMEEZ WO BERSPOKSISLLITY TOR THE ESE aR
RELIBBLILITY 0F ITS EO0PTwARE OW ROAITPM-NT WwElZH 1S
HOT SUFPLIET BY TLELC,

e wersipn number a4l the nille.

The PDE-11 weralcn numbar standard fa dascribod in seation
E.1l0.

The name of khe principal authar and the date oo which  khe
neaduls was ficst croeated.

Tter npame of eack moedifving auther and the date o
madificarion. Mamea  2nd  modd Figation dates appoar oRe per
1dn= aud o ¢rconclagivcal srceor.

A bri=f statement of the funecticn of the Dodele,
Hate: ltemme 1-F should appear on the same Gage.
A link of the definiticns of all eguzsted lacal oymbols  used
in  khe moedulc,  Theose definitions spmear ane pat iire and in

agiphcoetical oroder.

1l loesl pacre definitions, preferzhiy 1n aiphsbetieal orded
kY name. .

8311 local data. The data should indldare”

B, Deseription of each element (type, gize, &tec.)
b. - Crganizatioen [(functional, alpha, sdjacent, etold
e. Afjacepscy reguirements .
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SAMPLE CODING STARDARD

12. A& more detailed definitian of the furction of the medule..

13. & 1lim:t of Lns inp:in expected by the module, Thiz loeludes

tha eall ing Sequenoe if mon=atandard, conditiom
g=tting=, and glohal dato settings.

l4. & list of the ocuetpuls praduced as a result of  entering

cde

Lhia

moduliea, These Include deliverad resplts, conditicn code

selting=s, but not =2ide affects. (11l «thess oufputs

wigible ko Lhe cailet. ]

are

9. & list of all effects {including side effects} produced a= a
resultk of entering thla modale. EBffects lnclode alieraricns

in the atake of the syabkem not sxEpiileitly . expected in

calling sequence, @f Chesme not wlsible S the calles.

i, Thne module code.

E.5.3 Pormatting the Module Preface

Hulea:

1. The firse gight itoms appear on the same page - and  will

Line

noC

have explicit headings. Ttem 3 may be omicted if the bBlank

reecilon iz being us=d.

2, MNepdings start s Lhe  lois  margan®s AeRsripkbivy  bext

indented 1 tftak posilLian.

L4

1. Itema 7-14 will hawve heafinge which start st the telft spraln,
precedad and foliowed by lines containing only a IowFirg £r».

Itema which 4o npot azply uwsy be omitted.

A kemplace tar the moduls preface Collowsa.

FILE-EXAMEL. %01

[

e b R ea B§ RE e

R i e e N

JETTRE BXAMFLH
JIRERT #DLf
SCERCE RERMEL

COF¥RIGHT [(C) l97e
DIGITAD EQUISMERT TUOPGEATION, HMAYHARD, MRAES.

THTL EOETWARE TS FURNTSHED CWORR A CTOEWSE POR DEE OKLY OH &
SINGLE TDOMPOTER S¥STEM AKD MRy 3K COOFIED OHLY WITH 'WHE
[HCLUSTGN OF THE ABOVE COPYRLGHET MOTICE. THIS BOPTWAMRE, o5
ARY QTHER COFIES THERRGE, MAY HOTF o PROVIDED OF OTIHERNTSE
MAlL AVALLABBLE TO aMY OTRER PSRSON EXCEET POE UBE Ok SUCH
SESTEM AND 10 UONE WHU AGRYES TO [HESE LICENSE TERME. TITLE
0 AMDE OWNERSHIFT OF THE SOFTWARE SCALL AT ALL TIMNZS REMALN
En GEG. . : :

THE  IWFORMATION TN THIS DOCUMERLY [5 -SUBJECT 'O CHAEGE WITRCUT

MOTLCE ARKD SHCULD #HOT BE COWSTRIED AS A COMMITHENZ BY DIGLTAL
EQUIFHENT CORFORATION.

O e

*The left makgin’ congists ¢Ff a <r>» a <épgace> then the koadidg, &

t

gxt 2f the heading bagins in column 1.

g7

the




SAMPLE CODIRG STARDARD:
LEC ASSUMED 80 OESFOWNSTA1ILITY FOR TIE {ISE Of ARLIARILITY LF
IT5 SUFTWARE ON EJUIFMENT WEISA IS5 HOT SHPPLIRD BY LEC,
YERSION [L
JOE PAESCUSHNEE 1-Ja¥-T32
MODIEIRN BY:
RI&H&R] FOE 21-JAM=71
SPBACEBR THOMAS ;EHJUE—TH
Brief statemet of Lthe modvie's fenction

EQURTELD SYMBOLY

ME I I EP IE ME TR TIE B W LE =g b o mp mE wm

Line eaunted aymboly

LOCAL MACHDS

ELRE TR

-Lpcal Ksoros

LaCAL, DATR

- Sp &

Loroal daLa

-1
Moadsle funchiaon=-dertails

S =y e b

THELTS

DBezecriptian of ifppuks

[ R T S

(ETEITE 5

escrioption of outputs

escriplion of =ffects

B e Ef g Rd B R

Begia dodule Cede

B.5.4 Modolarity

e ather charenteclstic has mors ippmast on the wltimate engineecing
guoecess af & avsiem  Lhan  Jdoes sodolarity. Modolarity for BRE-L1
Scitware Englaeerisg®=s peodocts consiatse aof the apolication of  the
slegis-function phiitsophy described in section E.5.1, and adhscence
ko a axt af calling and retunn conoventicns. .

E.%.4.1F Qallimg Conventions {(Inter—-Modulel — The followlny callikg
oenventiong musk bae obEebwed. .

E-3
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SAHPLE DODIWG SEAHDARD

Translfer of Control

Macras wil: exist foi call améd return. The actuanl tranafer wlll
ke wia a J5R PO instruction. For register save [ocutines, &
JE5 An,.SAYE will be permitced.

The CALD macso P&t
ChRLL suhr-name
The BETHREH macea  l=:
AETURT
Rogiotes Conventlone

On pokey, & subrowrine minimally sewes all reqisters it intends
to alter extept resxle ragistere. {n exic it reastoras these
ragiskers. fState presorvebisn is assuesed acroza ealls.)

hrgument Faguing

&Ny registers may he wsed, Baf Ehedic use showid foliow 2 coherent
patkern. For example, if passing theae scgumeacs, p2es Lboem in
T, Bl and RZ rather tham RO, k2, &S5, Eaving ami  casbafing
orours o ane place.

E.5.4.2 sxiting - All svhrsutine exits oconr bfrough B osingle RETUSE
ZACEa.

E.5%.4.3 IntraModecle Caliing Conventicns - Dodigner opbticnal, ok
candistanoy  favors A <calling segueace  ldenticzl to chat of the
irter-module soyuenco.

E.5.4.4 Buccess Failore Lpdication = 'The € kit will bhe used ko
Eekure  the auceeseffatiunre indicator, wheet supoess =gpals o, and
Laiigre paqepis 1. The argqument registers can be wsed to vaturn valuocs
or additionsl successsfailura data.

E.5.4.5% Kodole cChecking Routines =  Medulss  are  cesposslble  [or
varifying hthe yeiidley of argupents passed Eo them. The Jesiagn af a
poduie's calling Sequence shouid aim at minimitinglfhe validity checks
by minimizing invailid combinations. Pragramsers gay add tes: code to
perfors adgitional cheske duedrg checkout. ALl gode gbhould aim  at
discoyeripg af eoror as ¢lsse {in kerme of inatcoction exeoutiocns) to
its ogeurrence as possibie,

E.& FORMATTIRG HTANDARDG

E.&.]1 PFrogram Flow

Progpamz will be piganized owt the lleting sceh thet they flow down che
fage, cven at Ehe cont of an exblrs bramch ar Jump-

E-4
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Frar :-l:.mr.pl o

shall sppess

L=
BEE
LT e
e

Rather than:

- e
OHE
LT C e
i 1H . mwa
=211 “EmEa

[T,

BL

Piatiastl I S o o0 S TR O Ul S P T P " (T ” ™ w B T o0 O an® ™5 i il e P e o™l ] o e e S

SAMPLE CODIRG STANDARD

M AOCERS

TCET

AR AR,

r—— L

fary

ORI

I

the listing as:

[=F=] ]

CHk

[
R
B aa

E-10



E.8.2 Commgn Exitse

R cosstah exklt appears as the last oode fadgpence on the listing.
the flow chart:

SAMPLE CDOING STAMDARD

FRIT

will appear an bhe Iizting ase:

FEL: R

maEew

21

FRZ: .

P .

+

N ]

R

Pr4: .

EEI'L:

annd maf &S

EFHL: .

-5 4

rree

rrr

[ N - e

4

[N

i o

bpZs rran

R

Fxi: .

I3t H .

= oaoa

=

TaT

-

[
==

EXIT

= ad +

EXIT

a3 = a
a3 aa

= aga

EXIT

LRI
a4 aa

O Y

oXIT

LR ]

+ b3

XL

Thua
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SAMPLE CODING STANDARD

E.5.3 {Lode with Interryupts Inbibited
Cede that 15 executed with dokerzopts inhibited, shall he flagoed by a

three zemicalorn [j;i) cgmment delimitec. Por examples:

G ERTS: +ENARLLE BY ROLREEIMNE
pBY SYETTM SUERDLTLIMES .

Bls FORT ES iir ZRHTHRIT IMTREHLCG
oIE FPZY, +d (RGP Pry
SED I LI ]
kTE I K
rre M
105 aan - TE: E
A e - |
wann s =4 HHE T
s .- - S

BE.7 FPROGHAM 3CURCE FILES

cource ¢reakion #nd wmaintenance shall 2e Gone ln base levelzs, b boase
level 44 d4efined as & point ab whiocn tae prodram soorce £files have
waon frozen. Fram the Sraeze point ba the next  bage layal,
caryoeticns will nob  be  cade directly o the base level itgelf,
fiather 3 bile of sorcackisas shall be accomslated for each Fhle in the
baszs lave] . Whanever an updated gooros Flle |4 desicad, the
cacrection File «will npe applied o khe opae f211e,

Toe acceiEalalion obf gorcections shall praceed until a2 logicsl breaking
point  Bae  oocuered (Lo, x milestone or siqnificaml iwmplensntakian
point has keen reagho@). At thzs time all accuzulabled sacrcckiyng
ghall Lo apelied co the previoos oesee level b9 crepte o new base
cevrel. Corrcction Tiles will then be skerted fur chs new base level.

E.f FOREBIGDEW IWNSTRUCTION OSAGE

Y. "The uee of instracctions or infdex words ag  literais of kpe
Pprevicus ieskcuction, For axamplea:

AL ﬂpﬂrﬁﬁgiﬂter
51C Sep.bDat

uses Lbbe Lit 2lear Lpskruction s g literal, This ®ay  seen
B bBe o wery Yneab™ wev  to eRave a4 o wobd but what abomar
mainkaining a pragram u2ing  this  track? Ta  armpound the
nroblem, it will nol sxeccks peroaperly DF IS0 gaace i5 epnablead
on the L1745, In knls csse €PC is & B bank refzrence,

2, The uge ol the MOV instrection instead of &  JKP  dnabcoctian
£ Lrangter prodras concrel to anokbher  location. Faz
axemple:

transfars control o locabion ALPAA.  Besides taking longer
to ewecute  |4.3 mlccceecands for NOW ws., 1.2 for SHP)} the
usa of POV instead of JAF makee Lt acacly impossible to pick
up someone eleae s procran and tell wheoe transfers of control

B-~lE
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SAMPLE CODING STANDARKD

take plage. ¥hat i€ one would like Lo get a  jomp trage -of
the wxegukics of & noogran {a @ave trace e unhdard of )7 As
4 more geAoral beEue, pechaps evan okher operations such  as
Al eod SUB £from PO osinuld be diecouraged. Possibly ange ot
bwe warde can be sawved by velng these aperativms but Aoy many
such oogirgences are thereat :

5, The zeemingly “noat"” uae of ail single word ihatructions
whare ane Gookleswakd ipattuction -could be used and would
cxoonte fFasteor and would @nob consume  addéitional memocy.
Conaider the Following lnastruchion Soguen:

CHE -1y, {-R1]
CHF¥ ~(H1], = (5L]

The inten: of thiz instructlon sequeasce is to subtract 8 from
register Rl (not to &t conditlon @ codea). This cam ba
accompiished  in aporoximavely 173 ke Eime via a =10). ]
imacruction (2,4 ve. 3.8 microssconds! at no additional cost
in memory space. Anather gueation here is also, what iF R1
i dd? 508 always wind =since Lt will aslways asscufc
praperly and le always fasterd

E.4 FRECOMMENDED CODIHG BRACTICE

E.9.]1 rCanmndltional Branches

When using the POP-1l copditiconal &Sranch  fcekructions, it is
impaerative chat the porrsct choicse be @sde betwean the algned end the
unsigned branches.

STGHMED UKE [GHED
SGE RIS |BECLC)
BLT AL
BET BT
OLE BLOR  [RCS}

A corman pitfall i5 t¢ vsSe 2 signed branch (2.0, MET} when copparing
two  memory sddressna. All goes well until the bwe addressee have
nppogike signe; that 15, one of them goea across the 1eX  (LUG000(E])
bowund . Thi=s type of codino errwrc vsually . Bhows itself as a resulk of
re-linking at Jdifferzent addressas andSst e obhange in grze af tLha
PIogram,

E.1d PDE=-11 VERSION NUMBER STARDARD

The PLE-11 Weraion Humber Scandard apglies bto 211 medules, parsceber
Fiies, complote programs, and librarleoy whilenh are written oc cansed fo
be written, as part af khe PLP-11 Scftwarc Dewelogment effort. Tk i%
nged ko gprovide usigue ldeatification of all released, pre-releazed
and ln-houze softwaro.

Tt io 1ielted in that, a4 curcently epecified, cnly sis chacacters of
igentificatian g aged. Eutyro  leplessntationes of the Eaocdo
Aggegbler, linker, and Llibrarian zshould provids Far sk leasc nine
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SARMPLE CODING STANDARD

twelve. It 12 sapected that this seandard

#1ill be .exhanced ag Lhe moed arizes.

Yeraion Fdontifier

Tliores

RS R

Cadiklr

fpatch

These fields aro
sgatai-> and

raditx moat oe Tesct bg nulls,
“adit> ig Lncremented,; thon spatch?> will be re-set ko

= <form? <versise? <adic> Spatchs

Used teo identity a gasticalac form of a modole or
progeam, whota applicable, a8 1s the case of
L.IME-1t. One slphabetic character, 11 uscd, and
nall {i.e,, a Binary 0F i nol uvead.

Used tz identily the rglease, of Jensratioca, of g
PE gL AT.. Twir figirimal digite, starbing at Uld, and
incremented nt the discretion of the projest in
order  te coflect what, in thelr ooinion, is a
ma]ar chonge,

Umed to ddeakily the legval to which & partkicolar
releasze, or generation, of a progra: of #odule hos
Been  adited. B =dit iz deflAgd ta  bBe ao
altaratian o the eource  farm,. Twn dacimal
digica, oegimning sk 21, and incremented with oarh
edic:  awli if nw adits.

Used to idantify Lthe level to whicii o particular
relensze, 97 generatiarn, of & visgram or module has
been patched. & pabeh L% dufined a5 an alteration
Lo & Dbilaacy Jerw. ne  alpnabellc. chasactor,
gharking at B, and runnlng seguantially toward 3,
each  tiwme o setr of patches 15 releasodr mmll if
na pakshes.
inkarrelaced. When <vatejan> 15 changed, then
It iz imtended thak when

rull, bDecaunze

the variosus bag: hawve been Fixed,.

E-T0.1

Dieplaying the Version Identifier

The visikle ouitput oF the wersinon fdewkitier should appear ao:

tkey~letterr: <{fvtm> <verzlions - <editd <oatchr,

where tnze following Key Litters have been

._'.r

Feleagad ar

identitied:

frozen wermica

A in=huuse experimental veralon

I fiald teal,

Kote that 'E' corrveszponds toughly to individual suppock, 'T' ko
"' ote coTsany sopport.

SUFpoOEL, and

The dagh which separates <veceionr [Eo# <editr is used only if
andfst <pateh™> i3 net null.
Bartk af program ldentificatlan,

Praogram

pre-reke&ds, o in-housa release wveralan

Genup

Cidit s
When a version identifier i dizolayed as
tihen Ehe format ist

“apacel Chay=letkerrCiormreiversions—Jedrtr fpatkeh»

o me
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EANMPLE CODING STANDARD

EXamples:

PTP A3
LTdy wahd-—T
MBCEDY YOG

5,10, Tze of the Version Wumber in the Program

Rll soureces muat conlein Lthe wversion number in an  (LOENY  directive.
Fur progeams  {af llbraciesz) whieh conalsc of more Ehan one modais,
each individual module will Efellow thhs wersion nugsec standazd. The
version nuEscer of the preogram or libracdy 15 fot Aecessacaly related to
the varslan ngobere aof tha conEbituent modules; le iz perfscely
roasanable, f£for exanple,  that  the Tirsat verslon of & new FORTRAR
libracy, VU, <contair an oxigting SIF eoutine, soy VOEa-UE,

Barameter files are alsc reguired zo eontain the vorsion nember in am
LTRENT directive. EBecause the asasembler recaords tha lsat JIBENT seen,
parameter files muat precede Lhe program.

2rtleies which conelst ol a callectlon af wodules or OrCOUraEs,  &.d.,
the PIRTRAN Li%rary. will have an identification moedele in rhe ficst
FUsicion. Arn  ddentification module exiscs solaly ti nrovide
identification, and normally comeiszsta of something likes

078 IDERTIFLORTICH
FITLE PTRLIG
JLBRENT SOEE0E0S
LEkD
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ALLCCATING VIRTAL MEMOET -

Ihiz appendiz 18 intendes for Ehe MACRO-11 user whio wacks fo avaid the
peobles  F thrashino,. by cpbimixing the allocation. of virtual memory.
Deers of smziler’ systems,. pactticolarly those with the & zubdet
version of MAURD-11, shouwld. become fhoroughly familiar with khe
conventicne diseuesed hereln. In.thls regard, Appepals T addressas
the Following topics:

l. f$Geperal bints and epace—=gaving guidelines

2. Macen definitions and ewpansiang

3. .Qperational technigues.
The waer 16 assomed ko have purauved a palley of  sexinler  programning,
a5 #dvised im Appendin B, In additica to the chvious advantages
azcruing from smail, diatinct, bighiy-functional podies of «ade, ane
can uwsually awvoid the problem of imsufilficient dynamic remoty Jet lng
gzgembly by practicing such a policy.. Other sugoestions. as  to how

avallable sencey  cosn be best otllized are. discuseed in the fallowing
seeklans.

F.1l GENERAL HIKTS AWD SFARE~SAVING GLIiDELIHEE
Work—-tfile cswmory in 2hared by 2 pnnber of MACEI=LI1's tables, each of
which is allocated space on demand (H4K words of dyrazically pageahle
etérage acfe awvailahles ko the assexbler]. The tsbkiez and their
cerreaponding antey S2zes arc 4% Fol Lows:

kL., lUper—-definsd avmbola - Eive words..

2. Loeal syYmbdls = four words.

i, Pragram soctisns - EiK-WﬂIdE;

4. Macvro aamms = Four woerds,

. Macro btext - nine worda.

B, Source Fileg = ols wpeds,

In. addition, several scratchk pad rtableeg are used during the assembly
‘process, a5 fellows: . .

1. EHEipreszsiawn analyals — five words.,

2. Object code genetation - five words,
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ALLOCATING WIRTUAL MEMORY

3. Macro erquugnl progessing = three words.
4. CMIALL argument praocessing — Eive wornda.

The above intermatlon can serve a8 & guide for estimating dvnasic
SEOrage tegulcagents and  for AdAstermining waye Lo reduce ®Uch
raquiressnts, -

Far gdample, the gse wf lepcal symools whenever ooaelols im highly
pnopursged, =gince  thelr laternsal resrescustation reguires 25% less
GYRAamic storage Lhan tnat required for regulas  wuer=leiined swvmboke.
The usags of  lagal symbols can ofben be mazimized by extendicg bhe
scope 9f  Japal symbel  blocks chrough  the (ENARDL LSE/S.DSARL  LSAE
MACED=LL ddirectives (see Sections 3.5 and ©.21.

Since MaCRO-1l does nob Suppart o purge functiun, once a syebol ia
gefined, At permanenkly eoogpies  its dvoesic memsry  allocatian.
Nume rou2 ingtanees acsur during  conditional assembhlies and  rapast
locope  when g cempocarily assiqned eymbol iz used as a count or offzat
ledizatar. If possikble, the synbels s weed should be re—naed.

e zeeping with toe zame priegiple; cpecial Lroatment should be  given
te the deflpition of commoniy=~used symbals. Instead of eimply
ppasnding 3 prefix £ile which d=fines all poseibly—uaaed aymbais  Far
eack assenbly, uwasra sre encouraged o graup syshols inte Iogical
clapees. Each clags 2o grgupod caa then becore a2 zhortened prefix
File r & savcd in & library (sse Saction F.4 below). In either case,
selegeive definition of aymbolic asslgnmente 13 achklaved, rosulting in
fewar defined {but unreferencead} symocls, '

Bn azproptiate axample of this idaa Iis seen in the definition of
gtandazd symbols, The sy¥stes masco likracy, for example, supplies
saveral mavres need bo define distinct «<lasssas of symbaia. Phe o
groupinngs ang asacciared macre namss Bee, a8 Follows:

ORE=RF = dlirective yreturnm statdas codes
IQERRS = I70 retyurn gtatus caoden
TILIOE — Flle-reiatod I/0 Fanction codes

EPCIOY = Zzacial 150 Funckion codes

F.2 MACHO DEFINITIONE AND EXPAREICHE

By far, dynamlc ekavage le usad most keavily Tor bho Starage of  zocreo
Leik. Upen pdera definitian se¢ the issuance of an JMCALLD directiwe,
tire enticn macecs body is stecod, incloding all comments  appearing  in
the =macro definlkion. For thiz reasan, oamments  Samild nob D
leckinded ge pact of the mavrce soxt, Ao REX=1) ptiliry proqram (czlled
83T fpr BSEX-1ID anly) 4nd a Tibracian function switch {/85%2) are
avalilable to compresa macro  EBcurcos bext By remaving  si1l  tredilleg
Elanks and tabe, klank kines, anc commenta. The systen sacco Librasy
[RENSAD, BRI has already oeen comprassed. Uoep—sunolied Mg 4
libraries (.HLA) and wmacra definition prefir files shounld alsc he
compreased. For additlienal informzt-fen togurding these Ewoe ucilicy
tasks, consult the applicable RESX-11M or RSE-1ID Utilticigsn Maawal (soo
Gection U.3 in the Pratzace}.

Tt olten zseams expedienkt ko aspend & macra dedinition prefiz file to
eachk  assembly +to provide  commonly-ased nsccas. This practice,
howeweayr, mey praduce the undesirable allocatiom of vzivable dynemle

[Pz
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ALLOCATING VIRTUAL MENORY

starage for unmecegaary macros.  Thie side affect can be avolded by
spaclifying +that the prefixz fils cuntaiming the MYCEOE 1= a
uger=-supplisd macpe library f£ile {eee Table B=1). This acvticen iaposes
the ztipulation that the pames of all désgired macres muat be listed as
aeguments in the .MCALL direckive {cee Section T.E].

Skarage for macrto hext can be re-used effectively by rodélining
cecteln types of mateas t4 npell sfbter they have been invoked. ‘Fhis
prectice releases’ their dynamic mesinory for the etoradge of later wmacro
toxt  and alse elimingtes theé ovebnead and the need Ifor dynamic mewcry
wixich would etherwize be regufred douring “he 2ubsequent invocation and
espangien of such non~redefiped macetaos. The practice 2f redefining
macras to noll applies mainly to  thase that ofkly define sypholic
asalgamantrs, ae zhown in the exazmple Helow. The codefinitleon proceas
may ba accamplished as Followse:

SMATAG DEF1A
S5TM1 wanl tDEVPIANE SYMEOQOLIC ASEIGHMERTS.
S¥MZ = WAL2 ’

3FFl = EYMEOL ' 'CEPINE S¥YMROLIC CFFSETS,
OFF2 = OFF1+45I%l
OFF3 » OFF243I22

OFFM = OFFM+SIEM

JHMRCEG DEKIH MACHD MNuULL ZCOEFINITION.

« E D ’

SEWOM DETEH
Macros a¥hibiting this redefinition property should ba deflped {or
read wia Ehe WMOALL dlrectivel and ievokzd bafere all other macooe
definiticon amd /o WCALL pracesgsing. 5o dobing ensures more «<fficient
nse af gynamic moamioy.

The faliewing eyetem macrams hawve +the avtsmatic aell redafinttion
propgerty atfter ohose being invokod:

DELRHS - Firective return status codes

TOERRS ~ IS0 return atatus codes

FILTQ%4 = File=relabksd IA0 functicn codes

SPDICE = Spaslal I Lenction codes

CHIE - Comm=snd fbring Intetperter codes and »ffseta
GoMLOE -~ Get Comnznd Line cofdes end offgels

EOUFFS — FOS boffer descripbor oflfsets

PCSRTSE = FCOR it walues codey

POOFFS ~ POS tile dessripitor block cffsets

FSHOFPE - #C5 File storage cagion {FER] o[Esete

BHDFPS = PCR filename bIook &fiﬂetﬂ
F—
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F.3 OFERATIONAL TECANIGUES

When, despikz ajhering £to the guidelines discuesed abowa, performance
still falls below expectaticna, eeveral 2dditional measures may Le
taken Lo improve performance.

The first measure lnvalves shifting the bacder of aymbgl definition
Eeom MACRO=11 £ the linker. Ih nost ceses, the definltian of sysben
I/ and FC5 symbola {and user=defised symbols of the aame nature) L%
nat  necegspary during  the assembly process, eince such symbols arce
defaclted Lo glgbal iefurgnces ([see Sectign 3.9 and Section 0.3,
categary 1 o0f error code Al The linker attempts to resolve all
giabal referencea from vger—apegifled defanlt ILibrarieszs andfor  tae
sy ateun shiect  library JHESLIE). Furthormors, oy appiyieg the
selective search option for abject medelaz consisting only of  giobal
eymocl dellnitlong, tha aeobusl adéiticnsl  bucden t9 the linker is
minimal.

N osozend way of making more dynamic memopy  available Ze to  produce
pxly one  oatpet  file Jelthar obiect or listingl, ag opposad +a bwo,
The adg¢iricnal file descriptor block (FDR) and fFile storage  reqion
(¥R required teo  support khe secoed sutpus file are allocated fronm
available dyrnanlc memory &t the start of each assembly. Curtharmore,
the =2ize at the flls atorage cegion allacated 2z the misndmgm roguiced
f2r the pecond {listing) outpat file. For disk Fllez, this is 840103
werds, and Tor direct lice printer outpet, ik iz 744100 words.

The Final way of increazing aveilable dvpazic memory iz relakted oaly
B¢ tihe operating envircement.  Ysider BEWN=:1M, AACRO-11 allocates all
Grorage between Lte highost addres: and the end of Lte particicon as
dynamic memory. Copsequently, bke amount of warking skorage <an be
Incresafad by installing and roening MACRO-1E in @ larger partitian.

Ia Tad and a55-110, che asmewclec®s dvnamic memcey 1: Fixed arc liok
Lime. Lt & Jarger sssemblar is oot available, you may build one by
Lrarnasing the size ot the kase'a  stack. Thiz is accomslizbed by
altering the ITACK= optlan in the command £ile to bulld MACEO-11,

T

.
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KRITING POSITION IMDEFEMDENT CODE

G.1 IRTRODUCTION T0O BOSITICN INDEPENDERT CODE

The cutput oFf a MACRO-1l assemshly iz a ielocatable object acdule. Whe
Tapk Buiider hbinds one o more modules cogether to greste  an
executable task image. OChoe bollt, a task can generally bhe loaded and
execubad only at the wirtual sddespe =pecified at link tipsi. Thls ig
pecerss the lipker has had to wodify soee lastractione to reflecst the
moaaty  logations in which the ptegram L2 to ran. Suach a body of code
is congigetsd pasitionp—dependent . (i.9., dependant en the wvirtual
addresses Lo which 1t wae bound) .

k31 PhE-1]1 picceascrs cffer addressing modes thac make it possibkls  te
wrikn ipstrugkicas that are mot dependent #n the virtual addresses to
which theay are bpound. A  body of such  code ig  taymed
positicn~indepandant wand cen be loaded and esscuted ek any virtusl
address. eosition-independent cpde car  inprove syston efficlency,
both in use of vittusl addreses space and in consccvakion of phyeleal
DA Y.

In multiprogramming systems like TAS, RSX-1IL5 and REN-L1M, it i=
impoitant that many casks be sblz bta ghate 8 single phyeical copy of
comin coda:  for examgole & library routine. To make kthe optimum  wss
orf 5 tmak'e | virtnoal address ppace, eshared code ghould be
pogition~independent. Code that ig nok posibica=indopendent cen alamp
e aparad, but it must sopeat in the eamd virtwal locatiors in ewvarl
taakx uzing it. This restricte the placemert of such code by the Tagx
Buildar and can cesult in the loss of virtual gddredalng apace.

vhe construction of poeiticn-independant code iz closoly links:d to the
proger  wsage of PHP<11l addrassing. modee. The remainder of this
Appendix assuses wou are familiar with the addressing modea described
im Chapter =, .

All addressing modaes  Lnvelvwing only reqisnex- refeotances are
position=indepondenk. Theoe modes are as follows:

R register Fade
iR deferred regiscer mods
TEY+ gutalecrerm=nt =ode
BR)+ defarred autoipcrepenlt mode
= By avkoiercerent gode
a-{m) . deferred sntoducrensnt mode
Wher using these  addesiging modes, you are quarantend

pasition~independance, providing the contents gf the registers have
bagn suppllied suech that Ehey are nat  éepgendenkt uapan & partisular
victupl medory locacion. .

e e e — e ——— — - o T —— - o e "t & el e - e Mk s %y PR raramr
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WEITING FOSITION IWDEFENDEHT CODE

The relative addressing modes are peelitlon~independent when &
reiccatable  acgdeess  is  refetenced from a relosstable imacruction.
Thege @madegs are as follaws:

A velabive mode
Ha talative delerred mode

Eeiative modes are not positiop-independent when an  abgplute addreszs
fthat t83 & nom=rz2locatable address) ie relsrenced Tfeap a celeccatable
insterugtion, Jo this case, absolute addressing [i.2., ©#4} may be
enployed ©9 make the raference pamitiop-[ncezondent.

Tndex modes car be glhiaoe position-independent ot  pealtiop=dependent,
acecrding to bhelr gpae in the program. These modes acc an foliowss

XiB) index mode
Ex{H) index Acfarred nnde

L che bage, X, lz an apsslute walue (e.5., & conbtal  block offger),
the refersnce is podition=independeni. Far aexarple:

MOV (P RE F PORITION~THDZPRNTENT
[ B
LT W[5 RO T POSITION=TNIEFENGENT
Tf, however, 3 fa & reldvatabie addreasz, the rpFarance iz

pogition-dependant., Par example:
CLE ALLH (51} FPCSITICH-DEIPERDENT

Impcdisky mode can be either pocitismeindependent or aok, accardiag o

‘1ts v=age. Immedlate mode roeferensez cre formatied as fallows:
3

E immediale sadg

wher an abeolufe expresaian dsfinsz the walue of XM, ‘Ehe osde is
Foeicicon—lndependenk, Whan a reloczbabie expressian defines N, the
cade iz poaltien-depehdenk, That is, immediate mnde referepnces are
pogitfon=indopondent only wher K d= &n abzalute value.

‘sheoluze modg addreasing is position-imdependent only in  those cases

whire an abscluce wirkoal lazation ig Leing referenced.  Absolubs meds
addressing refershces are Eormatbed a5 follows:

LEL abzalpute mprde

AL example of a pasition=independent zbzoluks referanue iz i reference
Ee  Ehe directive stztos word ($LEW) Ecam a3 relocatabls inscructlan.
For exangle:

| Rt dPFDEW, AL PHETRIEWE DIRECTIVE STATCR

G.2 EXIAMPLES

The HEX-11 library routine, PWROP, i 3 FORTREAN callable suuroutln: teo
eEtablish or remowe 8 user power Failure ASY entry polnt addross.
Iobedded wikthin the routine fe the actual &5T entry point which saves
all registers,  effecka 2 call to the nser—specliiled entcy point,
restores all registers on returm, and exacukas an AST exit directive.
The foliowing ezemplee arg  exoerpts from thls reukina. The firet
example has neen agodified to illuatrate poajtion-dependent referencas,
tzae  Flgure  G=1}, The aecond  axanple, figure G-3%, le  the
poaition-indeosndont versice.

G-&
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HEITIHE_PQEITIDH INVEPENDENT CODE

PMEUE: 3 o
: CLE -|2P) TASHUME SUCCEDS :
CALL LKOPRA 1PUSH {SAVE) ARGUMENT ADDRESSES DHTO
 BTACK
JHORD L., 3DEW yALEAR DEW, AND SET Rl=Rin392
[ "wln ECASY L RE 3BT OTS IMPURE ARES POTATER
Mo B8P+, RE $+EES  AST SHTRY POLNT ADOHESES
BHEL Lug +IF NOME SPECIFIZD, 3PECIFY WO POWER
CLRE ~[EP} TQECOVERY AST SEBRVICE
B 203G ;
1GE: ' P - )
MOy FE,F.EF (R4} CEET AET EMTRY POLIRE
MOy B8, = (5P 1 PUSH AST SERVICE BURRERR
05 ' T T .
CALL Y LEXT 715508 BERECTEVE, EXIT.
CBEYTE 109. 2. 3 T
BA: i HO,=i5E) ;PUEE (EAVEL @l
' MOV R1,—{3F) _sFUsH  (BAVE} RL
s Rz, {8k "aPUSH (SRVEY A2
‘Pigure G-1 Posltian=Pependent. {ode
PWRITEF : . ce L. .
CLE = [2F] PASELME SBICCEYS
CALL LML PRA (PUSH NRGUMENT AUDRRSSES ONTO STACK
JRdsD 1. . BLDENW 'CLEAR DSW, ARD SET RL=RI=EP.
Mo dFSOTEV , Ra s+BET OITE IHMPURE AHER PUIKRTLHE
Ealnss (5Fy+ B2 yOBT AST BWTEY POINT ADDRERS
BYE 1us JIF MUONE SPECTFIED, SPECIFY NI POWER
CLR - [SE] RECOVERY AS5T SHERVICE
BHE Pt
105: ¢ )
KoV B2 ,F.FF (R4} P BET 45T RATRY POIND
Mo Bo = (5D FRPCSH CURKERT LOCATION
oo §HBE~ ., (RF] P COMPUTE MCTOAL EAQUATION DF ART
BOG: :
CALL LELBRT 138Uy BERECTIVE, EXIT.
JBYTE 10w, 2.

I = % =1 %3 7 =a =ar =r

1} BAVE REGISTEXRS )
2] EFFECT A CALL ‘TO SPECIFEIELD SUBROUTTRE
1} RESTORE REGISTERS '

4} I5%UE AST EXIT DIRGCTIVE

BCTUaL AST SERVICE FOUTINE:

fr MOV 80, -[5%] ;DUSH (SAVE) RO
MY Rl,— [5H) TPUSH SAVE) R1
B2, [BF} JPOSE (SRWE] HZ

L)

Figura ¢=2 PFositlon-Lndependent (ode

The positivn~gopepdent vaision of Lne scbroutine vontalne a relative
reference  to  an sbaslute symbol (S0TBV) and a litecal reference to a
relocatable symnol {BA). Both frelerepcez are  bound by the Tosk
Brilder to Fixed Femory logatione. Therefors, the rosiine will nob
eyecute properly a2 parkt of & resident Iibrary i1f iks locatlan in
virtual mempey i% not bhe same as the location specified at link time.
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Kal




WRITTHG POSITION THOEPERDENT CODE

Ir the pmicicn-indepeadant version, the reforence to £0TSV has  heen
changed te an absolute ecference. In addition, the necessary oode haa
been afded to compuke the vittoal locatlon of BA baped upon the wvalue
a of the prograp ¢ounter. In this czae, the value iz abtained by adding
the waloe of the program countme to the fixed displacemsnt betwoon the
cacrent  logation and the specified symbol, Thus, eiscutian aof the
wodified rogtine Ll pot  affected by its locaztlon in the image's

virteal addrass space. 3
Thus MACHO-11 Asspombler oy ] der g & WaY 13 checking B
ensition-independence of code. I'n &n aszembly 1isting, MACRO-I11
inserts a ' charadter tollowing the contemka of any word which ’
reguires the linker o pegForm a relocation operation. In some cases
thisa ¢haracter indicetes & position-dependent instroctichi im other

vases, 1t merely Jdraws  the user's attenticn ko kbe gse of a Bymbol
which msy vr may nut be positien~independent. The cases which cause 3
" character ke be insected in the assemhly listiag are o8 Followas

1. Absolute mode téefcrences are flagged with a ' chargetar  when S
the reference is relecatable. Feferences are nak Flagged
when they ars position-indspendont {i.e., absalgte], Far
examplea:
MG @4alak Rl FPIC OHLY Ip AGDI IS ARSOINITE.

. Itdes and index deforred mode refersnoos are flagoged with a ©
charactar when the offset 1= reloca-ahle.  For exantple:

KOV ADDE [(R1) ,ES aHOM=PIC IF ADDR TS RELOCATABLE.
MOV PADOR[R1) RS rHON-LTC IF ADOR IS5 RPLAOCATABLE.

4. Relative and relztive deforred mode refacances are flamged
with a ' charackusy wien toe adéreas specified iz relocatable
with reapect Lo ancther prog=am section. Fars Exarples

MOV ADTH], BL (KON=FTC WHEM ADDRL IS5 BOUMD
MOV $REDRL, R 1T ANOTHER EROGRAM SECTION

4. Irmediate mode references to relacatable addressez are always
Elagged wikh a ' character.

MOV 3, R PBL¥AYE POSITION-IMDETENTENT,
KOV ghDDE, RE fHCH=PTC WHEM ADDER IS RELOGCATABRLE.

Tacge is one csse in which the MACRO-l: assembler doos rot Flag &
poteantial positian~dependent refgrcnce. This ogouse where a relative
reference s mnde to an abaolate virtwal locakioe feom o relocakaklp
instructlon {i-es., MOYW $0TSV,R4¢ in Pigure F-11.

Thode references reguiriag mere than aimple relacation abt  link  time
are &lae indicatec in the asseably listing. Siople gickal references
ars Flagged with the Iatter G. Thoss which contaln multipla glabal
referencea or cemplex relocation, are flagged with the letier [ (eee
Sgstion 1.2 and Chapter 4. In  #ack casea, Lt is Jdifficult Eo
pesitively B8tate which are or are not position-indepesdant. However,
in gereral, it i5 safe Yo apply the guidelires discossed earlier 1n
this Appendix gb the resuleting sddress value prodaced at link time.
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