
The MDL Programming Env·ronm.ent 

P. David le• bliAg 

May, 1980 

Laboratory for Computer Science 

Massachusetts Institute of Technology 

Cambridge 1 Massachusetts 02139 



·n1c MDt Programming '.1wimnmcnL 

Tab .le of Contents 
; 

1. Ove1rview of the MDL P·rogramming Environment 

2. The• Packag;e :System 

2.1. The Theory oftcxic.il nlocking .-n MDL 
2.2. l'acl:agc System O1tcrview 

2.2.L Sample PACKAG.E 
2.3. PACKAGE 

2.3.1. E TRY 
13.2. USE 
2.3.3. USIHlATUM 
13.4. DROP,md r.-UNUSE 
2.3.5. E DPACKAOE 
2.J.6. PJ\CKAGE Restrictions 
2.J.7. ENTRY am~ Conff cts 

3. Program Writing and Deb,ugging, Aids 

JJ. Pn::uyTPrinting 
l 1. t PPR I T Control Switches 
3 .. 2. I.} er- 1evcll Pretty Pri;iu.i~g 
.l U. r\mpcrsand Printing 
J,. IA. faamining die Stack 

J,.2. · 'nc . rn. F...ditor 
J.2. , . 'Ille rift 'J .ISTEN 1.oop'' 

J.2.1 ., . The Reader 
12.l.2. '11lc Ampcrs.·u1d Printer 

3.2 . .2. Edit Commands 
3.2:2. l. General 
l.2.2.2 .. Genera Commands 
J.2.2.3. Mnvcmc11t Commands 
12.2 . .4. i)rinting Commands 
.J.2.2.5. Editing Commands 
J.2.2.6 .. Macro faciUty 
3.2.2.7. Cursors 
3.2.2.8. llreal::poi:nrs. 
J.2.2.9. f:dil Mm1it.or:s 
3.2.2.1 0. User-defined Edit Commands 

3.2.3. faampks 
J.2.3.1. Simple Hditing 
3.2.3.2.. and G Commands 
3.2.JJ. U1i..:ondiLium1I H.rcakpoinis 
12..3.4. Condi hnrn] Brtakpo"n 

12.4. Ecn Cumm.i d Summary 
J .. f )cbuggi11g and th~ lmcrprcter 

Tabl or Contents 

7' 

9 

9 
m 
~l 
n 
12 
13 
13 
13 
B 
4 

l4 

15 

15 
16 
17 
18 
l8 
19 
20 
2-0 
21 
2 
2. 

22 
23 
24 
25 
27 
28 
29 
30 
n 
)l 

31 
32 
33 
34 
36 
37 



jj 

J.4. Loading and Dumpiflg 
J.5. ·111 011 ·step Debugger 

3.S. l. MI> . Debugger Command Summary 
3.5.2. MDL Dtbuggcr Special Features 

3.6. Execution Tracing 
3.6.1. tJsing TRACE 
3.6.2. Understanding TRACE 

3. 7. Monitors 
3 .. l. Monitor rucmaf,s 
l .. Crcaling MO ffORs 
3.7.3. Monitor F.vcncs 
3.7 .. Killing Monitors 
J.7.5. Other 1onitor Routines 
J.7.6. Whal ou Can't Do with Monitors 

J.8. Fr D TOM 
3.9. "PINFO" 

J.i 0. Dcuugging in ::i Run·cfme Environment 
J.10. L lJt:L 
J.10.2. RDFL 
J.IOJ. U ·DFL 
3.10.4. U U K 

l! l. CRf'flC 

3.1 l. l. Global problems iith the Group 
J. l L2. P..iramc er list problems 
J.11.3. Unused ATOMs 
J.i 1.4. Function calling errors 
J. l 1.5. SPECIAL/U SP' C]Al problems 
JJ L6. DECr .ing problems 
3.l l. 7. f iS(;cllancou 

3.12. Program Environments 

4. The Li bra y System 

4. L Program Ubraries 
4.1. l. J .ibrnry Sc.arching 
4. l.2. Dynamic toad.ing 
4.U. USE· E ER 
4.1.4. USE-TOTAL 
4.lS Transla_ions 
4.1.6. "Ilic Ubrary Da1a Hie 
4. l. . Run·.timc Switches 
4.1.8. Library tility function_s 
4.L9. rntcmar Library Functions 
4. U0. IJbmry faintenanoe 

4.2. The Purc~mappi1~g Library 
4.2.1. ·1 c Ocmon 

Table of Comcn!S 

l'hc MDL Programming En iro11mcnt 

39 
1 

43 
43 
44 
44 
45 
46 
46 
47 
48 
49 

'9 
49 
50 
52 
52 
52 
SJ 
53 
54 
55 
56 
$7 
58 
59 
59 
.59 
61 
6[ 

63 

61 
64 
65 
(i6 

66 
66 
67 
68 
69 
70 
71 
72 
73 



iH 

4.2.2. User P ograms 
4.2.2. L I :sting, Functions 
4.2.2.2. Find functions 
4.2.2.J. Other Functions 

4.2.3. Usi g DBM Al 
4.2.4. Garbage Collection 
4.2.5 .. Wntcrnal Structur 

5. The c ,ompUe,r 

S.l. Interfacing co (he Compile 
SJ J. Compiler Fu'lldions 
5 . . 2. Cnmpilcr_Switc:hes 

5.2. COMRAT 
5 2.1. u~cr interface 

5. 2 J . . S yD'llbol ic · npu1 

5.2.1.2. l-1k names 
5.2.l.J. Text 

5.2.2. Combal Questions 
5.2.3. Rcqucs{ing Compilatio s 
5.2.4. "How lo Run· Options 
5.2.5. UscrTailoring 

5.2.5.1. 1 ailor files 
5.2.5.2. Create type 

5.2.S.3. Prim type 
S.2.S.4. Delete type 
S.2.S.5. Alter type 
S.2.S.6. Load t.tilur. Replace tailor 
5.2.S. 7. Xerox tailor 

5.J.. lbc Conrpilcr (lnrcmafs) 
5.J.l. How it Works 

5.3 . • t. COMP[L and COMPILE-GROUP 
5.3.2. Modeling Pass 
5.3.3. Analysis Pass 
5.14. ·me ype natysis Model 
5 . .3.5. Ufc-aitd·Dcaith Analysis 
S.3~6. ·m,e Variable Allocation Pass, 
5.3.7. ·me Code Generation Pffl 

6, M.aking1 ti Run Faster 

6.1. GLUE 
6.1.l. lfow 10 Gl.ue 
6.L2. GLUE as a P.rogram 

6. 2. Glue Oirs 
6.3. Pl)UMP 
6.4. SUDRFY 

T · blc of Contents 

·,be tDL Prngr.irmni ng En viru nmcnt 

74 
74 
75 
7S 
76 
76, 
77 

79 

79 
79 
80 
83 
83 
84 
84 
85 
85 
87 
90 
90 
91 
9'l 
92 
92 
·9·2 
92 
92 
92 
93 
93 
94 
95 
96 
97 
·9,7 
98 

103 

103 
LOl 
l04 
105 
105 
06 



iv 

6.5. Purifkalion 
6.S.1. Purirying RSUBRs 
6.5.2. Purifying an Environment· 
6.5.3. Ptmfkmion Summan• 

6.6. TE 1.l'L TEs 
6.6J. Use of TE PLATEs 
6.6.2. A cmb)y of TE 'PI.ATEs 

7. The Assem bler 

7.1. · 'he scmbler 
.LL General Organi1.a!.ion 
.L . 11,c A scmblcr a a Program 

7.1.3. l-"om1.it or' sscmb1cr·s oun:e 
7.1.4. lnstrucllon cmbly 
. I. . hliti;il ymbols 
.1.6. M:.icro Writing 
.. 7. Pse11clu Opcracioas 
. l.8. "Inc l"ypc RSU UR 
J .9. Wricing Gluabk RSUBRs 

.1. I) bugging llina.ry Code 
7.3. Un assembling Binary Code 

a. lnf.o maUona Aids 

.1. File Compari on and Checking with MUDCOM 

.2. The Ml) . Listing Program M T 
8.2.1. M T Switches 
8 .. 2. Subticles 
8.2.J. MAT Defh:ii. ion 
8.2.4. /\.' · Record Files 

8.3. ·me M )L·IPC Device lmeirfacc MUOI . Q 

1ndex 

Table o Contents 

The Ml>L Programming Environment 

107 
108 
109 
110 
llO 
11 
B 

11 5 

115 
15 

116 
]16 

116 
1l 
ll 
ns 
1 0 
12 
l2l 
U2 

1 25 

125 
126 
127 
128 
128 
131 
Bl 

135 



·me MDI . >rog:rnmming r. viro mcnt · t 

INTRODUCTION 

111c Mur. language· de.scribed in 'The Ml)t Progr~mming I .ang~iagc' [Jl' bu ii ddith.>n lll the tangu.,gc 

itself. there irs a rich and varied collection of softwar,c wriucn in the language which fa Hit.aces the writing o,f 

prog ams and systems of programs in Mm The infonn.uion describing this prugrammi11g en iromncm has 

bccn contained in various documents. some ouL of print or otH or date, and in supplemental disk files 

descrihi ng changes and addilinns. Some of lhc packages of fu cticms used ito dc~l wiith I> code ha vc never 

been form.,Uy dt umcmod. ·mis manua1 bring..~ together some of Lhat scattered docnmcnt.ation. 

·n1c document' purpose i co tlcsh out he dcsc:ri,ption of the la gt age ci,ntuincd in ··111e MDL 

Programming Language; giving a fuller dc-scrirtion of the program riling and dcbu ing ,iids 1-•ailabk to 

MDI. us.crs. to describe O c methods for prodrn::i11g code usable hy ,others, to describe the- Mm compifor a, d 

chc many miler tcch11iquc.s "r producing a 1d pccdi111g up I I. nhjocl code. 

' ll1c im,igincd re. dcr nf mis document is someone who ha read --me MI >t Programming I .anguag,c.· and. 

nuw proposes to write programs in Mn1 possibly C\ICn vc. y large programs., 1m. padagc.'i that he would 

fi nd useful in lha pr<X:e-ss of doing so are documcnlcd here: editors.. debuggers. etc. Packages thal he migh 

v.-ish to use wi1hi11 his program arc not inc:11udcd: data·managcmcnt systems, cunm1:;md intcrprders, coc. 

11.lis document is. of ncccssi y highly self-referent. as many uf de components of lhc Mm programming 

cnvir ntncnt. rcfor to each uthcr and adhere to lhe same conv n ions.. ddiLionally. thi document assum.cs 

U1at the r,cader is fami1L1r with the language itse f (ac least llO some d groc). and with the ITS. TE EX. or 

· roPS· 20 opcr.if ng s.ystcms. 

l T.RODUCrlO 
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· nu• , I }I . P'rogra,nm ing ~-.1wiBmmcnl 

NOTATION 

nytMng which is wriucn in the M 1)1. languagc or whic.:h i.s typed m1 a ornpulcr w1iw,nlc appc~1rs herd in 

.1 trpc rilcr fnnl. as in PPR JNl. A mctas mactic variable ·· sumc1hing tn be replaced in nclm1l use b • 

srnnclhing cls.c ·· appears a rhnmwl. in .in italic font. Where a rncta -sy1naclk va,iablr is being t1scd to denote 

;1 rcquircd argument to some:- furu;tirn1. it appears as bcrore. but trndcrlincd. as r~ramiel. 

In the argumcm lc-mpku~s nf 1 m fl.lnclions. lhc im.H,·id~1ai argumenl5 arc , ficf1 gi,'en in the form 

c1rgwnr>m:1yp1•. where argumf>m is., 'dc-scriptivc• name fo.r tho ;irgumrnt, and 1J1'Jl> is its MDI' l pc tor range of 

1ypcs). In uch case: . the 'Lypc' boolean im:!k,.ncs a11 ,1rgL11Mnl tlrnt i. only c ,unincd for lnllh m folsily. and 

1101 or any ofits other qualitirs. Such mgumc11t'i in MI l. arc uflr-n dcdared ·<oR ATOM FALSE)·. 

Finan}'. nlc n.imcs are gh·c-n as though for Lile ITS operating sysLcm: 

derke : s11m11e :fiwrJ fmu2 

'lite nna!ogous spccifo: .. uion lorTENF.X mTOPS-20 would be 

tk1•icc: < sname> finuJ .Jilm2 

Nrne that in lhc TE f.X/fOPS·20 crsfon uf Mm, the fi1ml f,,i;:hkh may include the ,;eucraticm number 

pru{«J ion and aff<. •ml lie lds) is by de fau1t MUD" as opposed lo > "' for the ITS vcrsiun. 

NOTATIO · 
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·n1c ')I_ Progr-,1111ming Environment 

1. Overview of the MDL Programming 
Env1 ronment 

1 

The parts of the 1DL progra m·ng er, ironmcnt described in this documcm arc primarily thnsc dealing 

with the writing .. debugging, sharing, and m:1imc11an.cc of code and program wrincn in MDL Mosl of the 

packages dc.'5crib~d herein arc riHcn in MDI themselves: some ar~ assembl limguagc pn grnms useful lO 

M rn programmers. 

The document is divided · inw chnp1crs dc,11ing wilh he major issues facing the nvi.c:c (en even lhc 

el!pcric11ccd) M rn . programmer. 

- 'he I C'lrngc ystcm' introduces the sumdard mechanism fur lexical blue ing .ind therefore, 
sharing of Ill. cudc. Undcr:st.mding i ~ use is fundamental 10 writing •lrn prngrnm . 

- 'Progr. m \ riling .ind Debugging ,\ ids" i. lhc l,1rgcst chapter_ ll covers rn<'cha11ism-; for folding., 
dumpmg, ediling. :md debugging DI code. whether imcqnctcd or compiled. in a dcn:h pmcnl 
or .i pre du ti11111 cnvironmcnL 

- 'The I .ihrar . ystcm' discusses the usage or libr.1rics or Mil! programs. 

- 'The Compiler' inc udcs the specifics of intcractkm with ll1c- Mm co,npiler. a ell a a11 o er icw 
orthc lhcorJ behind iLo;. operation. 

- Ma ing It Run Fa tcr' covers the variou_ mcthmls fur speeding up 'production' Mrn. code by 
rcmo,·ing mcdi,1tcd calls and rompm:ting daui structures. 

- ·1bc /\sscrnblcr" document the Mm. assembler and some methods of debugging binary code. 

'1 nforma[ional Aids· discusses a few pmgrams, most wliu.cn in assembly bng1rnge rather than 
MDL, which arc uscfhl to 1thc MDI. programmer • 

. 0 
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'!'he I) . Progrnnuning Environment 9 

2 .. The Paclcage System 
111c ponion af1hc rn . cnvirnnmcm y.1hich.providc· a unifl rm facility for lexical blocking is kno\\n a 1he 

P,1cbgc S_ stein. In one sense it is the must ba ic pan of the cnvironmcm. since h cn;1b!cs many pn)gr.'lmmcrs 

use each mhe(s code ~thout identifier conflic· · . 

In addition. the Package Sys:lcm is interfaced to a lihrar. foL 111)' { c section 4} b which Mm code may 

he slorcd .md later foadC'd as needed. 

·1 he Pac · age Systcin is so basi . w use uf the MDI r1il\lirumncn Lhal (will, ;i re exceptions) c try 

subsystem or family nr Mm. Funcciuns described in lMs doc1.1mcnl 1s a •paci::agc' . 

2.1. The Theory of Lexical Blo,cking in MDL 

l.c ical blocking is implement d .in Mm by means uf OiBLISls .ind I lSl nf 08llSTs. Changes of 

lc:dca·1 context arc performed using the SUBl1: BLOCK .ind E HDB LOCK. The >.irkagc S . 1em provtdcs a 

Mgh · k vd Interface to these low~ level constructs. 

•ni,c pri 11:1ry gual of a lcxicttt b11 king scheme is the pm•cntion uf idcnlincr conmcrs. Spccif'ic:il )I. when 

your program rcforcnc the variable x. it houltl be your X. nd nm that uf. omc other program. Al the same 

'lime, it should .11ot be necessary for a pmgrammi::-r 10 s~arch ~very program previously written co crify that an 

idcn mer he ishcs to u is not already 'taken'. 

11 !'..!1oulcl be clear that the simplcsl solution. a ingle OB I Sl . will no smisf~ ci1hcr o t 1csc go.1 s. With 

unly 011e 0BL 1ST there would nccessaril,y be idcmificr cu111!ilicts. 11roes.s1ta.Ling c,ihaustivc searching fur unique 

idcnti tiers. 

Obvim1s1y. programmcl'.S could put their pmgr.im's idcmiticrs on im OBLIST uniq c to that program. 

Unfortmtatcly, such solulion addrc:sscs. only haff he problem. Wliat happens when some other programmer 

wishes to usic some of his code? He could in. n the L1ni quc OU. LIST n r th.it p rngr.i,m 'ntu che OB LIST path 

i(lr his pwgram: bm the moment tllat is done he gets all the idchl.ifte'rs lclr that program. induding local 

·arh1bks. ilil tcm:i I data st rucm res. and so on. 

C<HiSCQucntly. we move co a situation where coch progra~ uses two 0:BlISTs: one fur the identifiers that 

ar kx:.11 w the program, and one for llic, idcntincrs lhat arc to be used by ot,hcr pmgram~ In 11.hc Pachg 

System these arc known as the 'internal' OBLISl and the ·entry' OBLIST. 

Most of the idcn incr- in a program arc local c.o ii .. and wamt to be placed on t.hc in[crnal OHL ISl. 

2.0 
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mcrcforc in t rm of an argL1mcm to chc BLOCK SUBR, hen a program i. b ·n lua.dctl into Mt>I the 

OBL Si pa.l .:mes to be: 

( imemal·obfisl 
l'fl.l lJ ~oblist 
<ROOD ) 

it11 th i OBl ST path. must ATOM.s identifier. ) ill he un thci11 tcrnil l OBLIST (a. READ puts un nu n 

idcntifi~rs on <1 .OBlIST>). ul the ATOM for tl1c nm an Lhe ATOM for t11c u ual SUBR will be 

m•ailable. 

·n,c on1y i ue yet to be addressed is that o 1.1sing an entry of a diffcrc1u progr, ru in. our pn grnm. ['his is 

.ccumplishcd b adding 1.11, 111r , oeus1~ uf n such program. L(Hhc path aOcr ROOT: 

( hllC'ntal·obli-sl 
rntry~oblisl 
<ROOT> 
01hr, prognmr-ellll)>-oblist 
yet-mwt her-pro gr-am ·c11uyoblisl 

A only the nu11 OBLIST. an not lhe intcrn;1I OBUST. of the program being used is ;1ddcd to the path 

the chance of idcntrncr coonicl is lessened 

II that rem.tins is to lmruducc the functions by which these various operations a c pcrfo.rmcd. 

2.2. Package System Overview 

lllc func,tions hich make up lhc Package System are: 

- PACKAGE. This indicate lhc art of a package of fuoclions. 

- E OP ~CKAG E. "Ibis indicates Lhc end of the package of functions. 

- EN 1 RY. This indicates ;in ATOM which is to be mad(! availabt outside ttic· cfini,tion of this 
package uf fm1ction . r\ n 01hcr A fOMs wil nol be dircclly a.vaifablc outside the package. 

- USE. llis indkatcs a reference by n,,mc to ,mother package of functions. 

- USE -DATUM. Thi indicates a refcrcn _c by name to a cl.lta set. 

- DHOP and l -UNUSE. ·n,csc undo the · ffocts of USE and USE - DATUM. 

These functions arc thcmsclv~ pan of a pt1ekag,e amcd KG". which ts prcfoadcd mto Mm .. 

1nc Theory of '.cxic.al mocting in MDL 2.1 
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2.2.1. Sample PACK AGE. 

A s..unp le M rn PAC KAG E i~ given with cnmmcn t., in order lu dcm unstmtc the usage or ~1c ·c ru ncl ion . 

<PACKAGE "HOUR-ST R'ING"> 

;ttPACKAGE begins the package called HOUR-STRING." 

<ENTRY TIME- SIRING> 

: "The a tom iIME - STRING is an entry to this package; 
1t may be referenced by other packages by 
USEing HOUR-SIRING. 

<USE "DAHME"> 

:"Indicate that lhe package DATlME is 
used within the current package . 

<DEFINE TIME - S RING( ) 
<STRING <UN PARSE <KOURS>> "o'clock~)) 

:~oer ·ne this little fu nction which r eturns a str i ng 
telling the last hour iA a strange fo~m~t.u 

<0EF'NE HOURS() (l <RTIME>>> 

:hDefine an internal function whicb is available 
only withiR tie HOUR-STRING package , since its 
1ame is not i~ any ENlRY statemeBt . 
Note that this funct·on refers to RTIME , 
wh iich is: an EHTR . 11. the 'DA TIME pad age . " 

< NDPA:CKAGD 

;~The emd of this little demonstration package." 

2.3 .. PAC KA.·GE 

11 

·n1i. l\incliun deli mi LS the beginning of. p, cka.gc of functions. It takes ot1c rcquiircd argument, a STRING, 

which is IJ1c name of the pad. c. 'lllis STRHl•G uniquely idcnliflcs the package ~•ilhin a libr.n-y ufpad:agcs 

(sec s.cction 4). 

In a PACKAGE hu c A lOM.~ which arc specified :,s •entries live rn .a . ~p:.m1tc OBU ST of their own, called 

lhc cntr)' OB L ST. 'Ille ATOM naming 1.his OB LI ST is on U1c PIICKAGE OBL 1ST and ha the Stlmc nnmc ru; 

the PACKAGE itscl[ Thus. an cnt -x' of a PACKAGE 'Y" would have as. h..i;; ·run-trailer· name: 

X ! -Y I - PACKAGE ! - . 

PACK GE b\od:s (sets up) lhc current OBLI ST pal.h so that lhc A TOMs which ~uc intern.ii lO the PACK AG 

u Paick.agc ystcm Ovcrvic.Y.' 



12 I he fvU)I. Progmnuning Fm•iromncnt 

fall mw an OBLIST hil:h is nur otl1crw1sc used. The ATO naming thisOBU Tis on the ntr O!BUST uf 

d1c P C AGE. an 1 • b~• default giv n a name crcaced hy pi.min~ the char.ice r ·rat the bcgiumm~ uf the 

Pi CK AGE ·s name. n i1ncrn.il A TOM · r in lhc PACKAGE ·y- pr~\ IHllSly mc-nl!oncd ould have as us 

'fu!Hrailcr' name: Z ! - I t-Y 1-P CKAGE ! - . 

PIICXAGE ills,( k cps track uf the act that the partkul.1r PACKM~E n.1mcd lms been defined in this MDL 

prnces'i., hj pun] ng iis name l n lhc P c\C ,, AGE 0Bl ST. 

' P CK AGE 1wme.·strillg 
r1wme:.Uri11g 
Jize:fix . 
isize:jix) 

PAC AGE tak.c llm:c- nplio1rnl argumc1m; in addititm lo the r qum:d unr (the option,d ,irgurncms are 

ignored i· 1ut1111• i, alrciluy ,1 PACKAGE): 

£1111mt• 1s the name of lhc imcrnd ODlIST uf ll PACKAGE; by <lcfm1ll it is lhc name ofl11e PACKAGE itli 
lhc lcner · r prcfilcd. 

51ze i. ll1c numhcr uf bucket<; in the cJl[lij' 111,li t: bl default 19. 

isiz.e is the mm, er ufbudcts in the- intern.ii oblisL: by dcfauH 21 

In mlditim1 Lu PACKAGE, there exists the obsolete funcition RPACKAGE:. dt>CumcniLcd here 1111ly because 

u1nc prug rams still llSC' j t. •111c di ff c re nee ct ccn Ehcin is Lh a[ lhc c 11 try OB U ST for an 1R PACK AG, E is the 

ROOT OB LI ST. Th c irnplicmi on of in sic1m1 g, 1n entry in lo the R 00 is th;-it tl1 i rcq u ir tll at the name of the 

ntiry be uni uc u cr all P'I\CKAGEs. because me entry is, in effect hcing promoLcd Lo the statu uf a SUD.R. It 

is On rnrc cases) useful m do this, but the correct ·ay i with rl1c fu 11 tion RE NTRV (sec ~t.ion 2.3. l). 

2.3.1 . ENTRY 

·111c EN TRY function applied to one or murc ATOMS declares I.hat these ATOMs arc to be put imo me 
OBUST rcscr,cd for Ill cs in thi partu:ulm PflCKAGE. Only ArOM declared in this wa will be accessible 

(in lhc nonnat course of cvcr1t1,) 1.0 nrnctioM outside this PACKAGE. 

It is po: 1blc tu place . Jmc c11Lrics of a PACKAGE on lhc ROOJ OB 1ST u:.ing the function REN RY. It is 

rcco mmc nd c<l th~•t i nstc,1J of using R PACK AG E in those rare c ascs here cntric:.'! must go on the ROOT. 

REN lRY C used im;tcad. 

All [Nl R'I' stmcmcnts shoultl appc-ar immc.dtaccly aft.er he PACKAGE or RPACKAGE stalcmcnt m.c: 

never put a USE tatemcnt btforc I.he E TRY ~tatcmcn~: if you do. you may get the ERROR message 

Pi\CKAGB 2.3 
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ALREAOY-USED-!ELSEWHER:E. me.ming !hal the name of an entry is connkting w1th nn EN RY in one of the 

PACKAGE.s ou USE d. E NTIRY wiU .dso give an ERROR if il i used outside ithc body uf a PACKAGE. 

2.3.2. USE 

'llli function tat~ as rgumcnlS one or mor-c ST R 1 NG hkh arc the names fas gh·cn to PACK AGE) of 

other PAC KAG Es. EXTERNAL i. a ynnnyin of USL USE ,c:;iuscs the entry OB l Sls oflhc PACKAGE named 

rn be spliced into the current OB LI ST path. Thus, rcfcr-.cnces tu cnufos of those PACKAGE -s may be made 

flcr thr" USE. umil the next E1NDPAC KAGE (or !he next DROP or L-UNUSE if USE i. being invo cd outside a 

Pt~CKAG m load a fi> 'e). 

US£ is consequently the mcclrnm. m for sl1.1ring cudc. If the PACKAGE being rnmd is alrcmJy loaded. mes 

cntnr arc- made .ivt1ih1blc: if not lhc PACKAGE i loildcd li~l tscc cctimi 4.l ror dct;1ils cm how thi i 

ac-c:om plishcd). 

2 .3.3. USE-O,ATUM 

USE-DATUM requires one S rn:1 NG ·1rgume1u, lh•e nainc of .i data scL 1 f the data set is Ml. londed, 

US -DA TUM loads it, nd crc-,1lcs .. m ATO of lhc s.-i.mc name. on the USE - D.AiUM OBtl Sl, whose GVA i lhc 

dal.tl set. USE -OAT UM , 1 ways EVA Ls LC the dara set n nmed. re g,.irdks of whctl er il had to be ]o.idcd or nol 

2 .3 .4. DROP and L U NUSE 

·m.csc functioos Lake the same argt litlCnlS as USE and USE-DA TUM and undo Lhcir cffocts. 

DROP 5imp.y ~plices Uc- named PACKAGE out of the currclU OBUST patlil.. A USE of a DROPpcd 

PACKAGE ill not rc1oad the PACKAGE but simply splice il bad: iuto the OB,L r ST path. 

IL-UNUSE splices the PACKAGE out and removes its name from the PACKAGE OBLIS , which wiU cause 

lhc cmirc PACKAGE to be reloaded if it. is US Ed again .. L-UtWSE. of a data scl will remove it,;; ATOM from the 

USE-DAT UH OBl S1'. 

2.3. 5. ENDPACKAGE 

·111c ENDPACKAGE funclinn of no arguments: tcnninatc:s Lhc dcfinilio11 of the current PACKAGE and 

undue 1h l :,deal blockinl!, done by lhc PACKAGE foncthm. ' nr ENDPACKAGIE statcmciu shnuM be: lhc last 

one in the file. 

2.3 PACKJ\GB 



l4 The Ml)L Programming :11vironmcnt 

2. 3. 6. PACK A1GE Rest riciion1s 

There arc some rcstric Lions on what !he u scr may du inside a PACK AG E . · csc a re en f orccd by me I . ibrary 

Sy tcm when lhc u er auempts to ubmit a P CKAG E to a Hbrary. 

/\ PACK GE huuld no't Ft0AD or LOAD any 1le to obtain par..s of iisclf. All uch nvinmmcnt setup 

tun. d be dune iLh USE a[ld USE -DATUM. 

PACKAGE ma, nm reference .iny A OM whose 0BUST patli ucs thrnugh Lhc INiflAL 0BLJST. A] 

ofa PACKAG('s non·cntry ATOMS hould fall muur, lly ill(O the PACKAGE' imcr1rnl oiaus-. 

A 111cnli incd bcl'hrc, the REN TRY- t fa PAC KAG'E have the s:rn1c OB LIST statu ,1s SUB Rs, i.e .. they must 

be unique amung hulh an SUB R~ an<l , II PACKAGE entries. 

2 .. 3. 7. ENTRY Name Conflict 

h. i. pu siblc lu ha c Lwo or more PACKAGE {1 tl RPACKAGE, ) which h ve cntric. (nul RE NT RYs) with the 

. ,1mc:: PNAME. ff lhe u er needs bolh PACKAGE at the · amc Liinc. be may US,E them both .. md refer lo the 

ambiguous entries by their fun trailer' names. 11 of the non-amhiguou_ cmric-s in both PACKAGE may stiU 

be referenced by P AMF only. 

PACKAGE 2.3 
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,3. Program Writing and Debugging Aids 
' llli:s cha.pier ct nccnlmc.cs on editing and debugging aids for Mm prngrnmming. ·n1c basi. for cdiung and 

<lcbugging in Mn1. is twofold: Vim, M Ill i an in:Lcrprclcr. whkh pcrmiLS interactive lcsling ~ind debugging 

of wfl w;m:. Scc:undty, MDL progmms. (even oompilcd Mni . pmgr.nrn,) arc structures and lhcrcforc ma}' be 

mt1nipufolcd by other M l>L pmgrams. 

P·1ck,igcs uscfhl in cdithlg and debugging range from ED i 1 .ind PPR I NT. which arc prcfoadcd. and which 

fo11n he cor-c uf mu'il C"ciiting nr debugging systems. Ln mnrc sophisticmcd .iid udl as DEBUG'R and i RACE. 

·1,ich arc mnrc powerful.; nd 1scf1.11 for norc compliri:ltcd debugging. 

h s:hm1M he nntcJ lhal, in ,t<ldhinn tu the cclilnrs<liscussed below. Rrv1om [5] :md EM cs. [2]. TECO based 

[C' 1 cdi1urs. undcrsrnnd much ufthc s._ 1u.i und m,rn:i• nrthc crnwcmlun nr M [ 1 progra,ns. 

3.1. PreUy-Prinling 

· llc pUfl)llSC uf prelly printing is to d:uify the structure of Ill objc..clS by primlriig chem in a mo~ 

hwm11-nead.1blc format l11;111 !.hat pn.widcd by Lhe SUBRs. PR l N · • PR N 1. etc. Objcv!S arc pr('tly·prinlcd 

thm 1gh he judicious inscninrn of spiaccs, tabs, mid ncw·lincs betwcl'.'11 tokens. )rc.ny-r1rimcd object. arc 

rca~fablc by the M Ill. Reader. Prcuy prindl'llg is 11n aid to u1idcrs1JnJ1ng and ddmgging M rn UNCT IONs or 

n1hcr objects. You will prnb.ably fnHI pretty prin[ing m be c;,:, rcmdy helpful. esp<:ci~1lly if ou are wurl:ing 

wi1h01.n a lisfo1g ur with an Old listing. In fact prcuy~pxhlli lg i unc wny Ltl make ~1 new prcny Hsling after 

cdhi g. PPR.I NT is prc·forn.fod iTI mList iuitfal Mrn.s. ·nu: n.1mc of the package cmnaining PPR , •NT i 11 PP • 

<PPR I NT am• cho11neD 

rircct~rprinl5 any nn chmmd. 1nc ccond a.rgumcm is optional. b def.lull .OUTCHAN . If t'WJ' i .in TOM, 

PPR NT wm enclose il in an applicacion 1r DH I NE • DE FMAC, SETG. or SET, as ccms appropriate. 

COMMENT fomid. insjdc any arc right·justil1cd. PPRUH cannot nlHIHIL .1n RSUBR without F IXUP (that is, 

one Lhat was READ in hik KHP-f UUPS (~e soctiom .l.4) had no LVAL or had :.t FALSE LVAlt it wiU 

gi~-c- lhc ERROR mcs'i<1gc CAN - HOT - BE-DUMPED. PPRI NI mums • NULL. whkh is an A TON whusc PNAME 

fS II S!ng r rubou l. jnv isib!c un normal co nw cs. 

<PPR I NF i11:string·or--mmwor--lis1 0111/ile:striog 
widih:fix c~l?:booJean> 

prcHy·print<; all the colllcnl~ of iii into uutfll:e. 

ff in i aTI ATOM or a LI ST nf ATOMS:. iLS VALUE(s) arc the ubjcCLs lob PPRI NT ed. tn Uli ca~, uuifile is 

by default a fil.c who~ first name i produced by t.1l:ing the PNAME of iu (or in's first clcmcnl if in is a L l SJ). 

3.0 
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I • r,1 1s a SIR I NG. if sp~cifks a me cm ,cainlng objects to PPR I r. [n I.his ase oul}ilt is by cfaulL 

TPL: ~. 

1 idth is the maiimum wid U1 of uutpuL lines (allhou, h nmpUl lines arc prcvcmcd frnrn bein!" extremely 

long. ); it ls opnunal. by cfouJt <13 . OUlCHAN>. 

e~al? tells PPRl F hcthcr or nm tu EVAL er rythlng in the me: it i nptional. by default a F LSE do 't 

E VAL 1,. t\•ul? is u cmfrnglc.· if {11 is 11m a STRING. 

PPJl INF rel um" either "DO E '' m u f A:LS E if it cnu.?d11't up~I inflle iir riiafllf'. PPR INF illl errs page 

· i>u nd,ufos in r.mt/ife. between \lhjccLS. ev ry 60 lines. or fewer: . ou may wanL m mo c th : a ftcrv,'ilrd to more 

log,kal places. PPR! NF bind 'KE E.P-F IX UPS rn1<l REDE Fi E. to l. and QU IC KP RI NT sec l1dowl tu a 

fALSE. 

3.1.1. PPR:INT Control Switches 

r>PRI r mnpm is affected by tl c local \1a.lucsofscv ral 'ATOMs. ~ach value is cxnmincd 011h1 for truth . 

. QUIOKP1RINT 

If this ATOM·s. VAL is a FALSIE , you .ire in slow mode: uth rwi c (including t11c case- or no LVAL). you are in 

fat mt1dc. The b-ch,l\'ioral difference is his: in Fas , ilmdc, ll ere may be COMMENIT in the pr tty-printed 

bjcctfs), whkh PPR INT misses. lsu, fist mode i. indeed foster chan slow mode. Fa t mode is Lhc default. 

that is QUICK PR NT is i 1itiaUy 1.ru . H1c modes iliC really i tinguishccJ by tile depth of recursion co which 

PPR1NT reson.s. [n slow mode, h recurses all the way down to C\·ery monad in I.he thing prcuy-printcd: in 

"as t mudc. it gOC'S down only far enough ro fmd somc'thing th.u •ill fiE on a line, 

.LOOKAHEAD 

PR l NT uses Fun recursive lookahead to avoid packing thi ngs against the right margin and. as ii rc-sul not 

being able to fit things within the. righl margin. The lookahead rcsuhs in very good formatting of 

cc pi y· nc.sLcd MAP f cd allld f U ti! CT ION s: a 11 but l he most b izarrc ca s shnu Id he very lcgib e. How ver · t 

can r,csuh i:n notic,c.ibk 'pauses· in che pri11ting operation and. in me cases, a net speed slightly le. than wi h 

timitc . luukahcad. Since thi can be .i disadvnnwg,c whc· usit g PPRrNT interacti.vcly on a hca'i'ily-loadcd 

~· stem, lhc 1uu ahead can be <lis.ablcd: if the t VAL of LOO AHEAD is a .FALSE, no lookahead ill be 

performed; ot crwi:sc: "t happen:,,. LOOKAHEAD i. ·niti~ lly Liruc that is lookahead happens by dcfautt. 

.VERTICAL 

lf LOOKAHEAD is a f ALSE, the fonnJtting cnn cause too many ,objccis to be squeezed against th right 

margi.n. So at particu ar cases ca11 be made lc-gi.ble. the ormat when lookahead is not in use can be 

manuall set; if the LVAL of VE RT ICAL is oon·f AlS~. PPR NT •tu indcnl very Hu1e whenever indenting ·s 

Prct y-Printlng 3.l 



rnllcd for. (VE IU ICAL bc-ing tru,c mean a ·more crt.ica1' formal.) VE Rl IC AL i ·1l1ti,1II~ FALSE • The value 

nf VERTICAt is ignored when lOOKAI-IEAD i • true: the lookahead cffccth'cl;• d1oos.cs diITcrcnt values for 

V · tlT I CAL fi>r diffcrcm pans of the ubj«l prcuy-pri1mod. 

3. 1.2 . Lowe r- leve•I Pretty Prin t ing 

h is some.times desirable to •U c some of the functiun 1hal PPR:lNT use but in a dilTcrcnt wa;1• for 

ample a. pcdalizcd prctty·printcr for Progrnm Ab ·1racts would want to inscn indcr11cd field names inco 

the nutplH ,md prcn -print field v:11ucs with Lhc s.1mc i den~uion. The names if luwcr-lc\·cl prctty·princ 

f11nctirn1s :ire included in 1he R0Ol OBL i ST fur uch purposes. 

< E PR IN , !t!l.f lrft·margin:ji:x> 

prctly9 p,rints nny on . OU CHAN to the rlgln of lcft·nwrgi,1 .. "ll"hc i:;{'C'oml .argument i 11p1im1al hy dcfouh 

< VALUE LE Fl -MARG] N> (s« be-low). 

< E PR] N 1 am• ll'fi·nwrgi11:fix> 

u rn rn is lO EPRnn i.lS PR·IN1 i.Ho PRINT . 

. lEF - MARGU 

Thi:S is I.he A OH that E PR rn binds to i second a rgu men . You can SET i,l ou ·i de calls tt, E PR IN l in urde r 

10 m-tkc a pc1mm1c"t llc•fr maqf n. h:s initial LVAL is O. 

<UD[NT-10 colwn11:-fix channel> 

ou1puts t.ibs and/or spaces to ,1d am:c the outpu column < 14 duwnrl>) to cohmm. if ii ts nm al read;• past. 

<COLPP fil!J! 
channel 
Jefi·margitl.fu 
rigl,1~ mm:s,iu:fix> 

prclly-prrnts ml) on chmmrl (by de-fun] • OU CHAN} between I.he margins h,J1·margm (by default 

< 14 dunme}>. the currc II t col um 1 ,md right·margin (by de fault. < 13 dr(muel>, chc rightmost column). AU 

a gumcms but lhr first arc optional co, PP return ,NUL . For c!lnmple, 

< COL PP mu . OUTCHAN 10 7 O > ould ka\lC a IO·charactcr margin at left and rig t on an 80·colum 

OUTCHAN. Also, 

<PROG () <PRINT AAAAAAAAAAAAAAA> <Cot.PP , FOO)) 

woul'd resu It in uu tp u t like . 

MMAAA.AAAA/H\AA IJF UNCT ON! ( ( X GGGGGG,GGGGGGGGGGG,GGGGG) 
<+ X D) 

E.PRtNT, EP , INl and COLPP arc alToctcd by the truth of .QUICKP:RI T •• LOOKAH AD, and 

. VERl ICA.L. 

3.1 Prcny·Prinling 
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3.1.3. Amp,ersand Printing 

· •\mpcrsand priming· consists of prinling :my 11bjcct un a -inglc line h~ u · ing, the characlcr & ampersand) 

to mean There· more mffhcre.' f11 is technique is borrowed from d c lmcrUsp cdilor.) 

·mere arc itwo ays in hich & is u d by this printer as all abbreviation: 

l. /\ri & nppearin,g, between some variety or brackets i11dica1c-. ~that there i a big ubjccl uf Ole 
indicated PIE there~ 

~. ·1 c ch.trn<:tcrs • • & or &· • • on the 1 c fl or rigl u u f o sln c lure mca n lhat there ll re m,irc objoc ts lo 
the lcrt nr right which h,1\/c not been printed. 

F.x:11:npl<:S; 

#FUNCTION ((ABC D) <&>) 

'Ila i,s is ;1 f'UN!C r O with ruur arg11mcnls in ils argunu.:11l LI ST. and he FUN CT I ON bo<ly cmuai11s oric FORM 

hic'h ·a-s too big lCI print i 11 the remainder uf thcli.ne. 

CPROG () <KRK <+ .A 5» <PRIN'C .Q> <SEli BAR <ORG» <&> & •• > 
·1111 i ,1 l.1rgc FORM. n. 111cly. u PROG. n nddition t1 the c?rments prhucd, 'dlcrc arc murc ckmcnts to the 

right mild there is one fORM which was. lOo b:ig to fil 

1\mpcrs.and priming is effected by two pure RSUDRs: &, analogo11 to PRUU. and !U. analogous to 

PRIN1. A reh1tcd RSUBR. &LIS. can be pplicd o, nn argm 1cnts cu pu yuu inm an ~ndkss READ-EVA - & 

luup. in Ee.id oflhc nom1al IREAO -EVAL-PRINT loop. 

3. 1 .4. Examining the Sta1ck 

<fRM JLK.> 
returns LI efrxt.11 FRAME down from th top application ofERROR' or l ISfEN. 

< FRAMES lio~m,my;fix Slarl:fix> 

prcuy-prinls lun,~mmzy FRAME , by printing the F RAMIE number {suitable as an argument o FRM). FUN CT, 

and ARGS of I.he f RAME ), starting ilh < F RM csmrl> • Both arguments arc opl ionat· star, defaults to 0, and 

how-many defaults to a large integer. F RAiME whu~ F UNC f is an ATOM whusc VALUE is an F SUBR Is not 

printed. if the s..1mc information is found in the next lower FRAME. 

<FR& how-many:fix s1ar1:fu> 

is like f RAMES bul uses an persmid printi g in tcad •llf prc1~ty priining. ll is handy for s.ummari/ ng FUNC Ts 

and ARGS hat arc large or unprintable ( ikc SUBR .• wi,th no nxups). 

J.l 
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<fRATM huw-mo11y:fix s1ar1:fix> 

\Ike FRAMES but. g.i cs mt abhrc-viatcd \licv,,1 of I.he stack. h pr:'nts FUNCTs <ml , and only for FRAME 

rnnncc cd with nantcd FUNCT ONs. RSUBRs, and RSUB!l-EtHRYs. 'l i handy when a FHfl.ME contains a 

nun· EGAL? object. 

<FRLVAL atom 
hoi,,'"mmiy;fix 
sran:jix> 

pri,ns om lhc stacked bindings of atom. going throt1gh lw1~ma11y f RAMEs. 1arting with < F 'RM s1od>. The 

l~ ,, numeric arguments are oplhmat lmR'"lmmJ• defouhs lO a larg,c ill'ltcgcr, and ~·um defaults ln O. · 11c 

lunnal of Lhc pritUi ig is two column : the fil!;L cnlurnn i 1hc number or tl,c F'RAMi in which awm has a 

hinding: Lhe scconiJ co!um:11 is lhc ;due bound. w a mcssngc procl.1iruing I.he lack of a a Jue. 

<FR&VAL atQ1!I 
llm~m,wy:fi'x 
srart:fix> 

1 prcci cly the same as FRLVAL. except th:rt the \'aJucs. re ampci5<md printed instc;,d of PRINled. 

Finally, the "FRMSP" PACKAGE contains .in;1loguc or man of the prcc:cdi11g functions.. but each takes as 

iL-. lirsL .argument a P ROCt SS, by defau l <ME>. These arc illl rrnmcd by addi 1g a ·p·· to the end of lhc lsual 

name. F,or ~;1;.ample. 

<f'R&P <MAU.>> 

docs a. <FR&) in the- PROCESS MA • 

·1:ncn~ is one ru1ditinnnl function of in crest in "f RMSP ". 

<FRTYPE lw many:fix start.fix> 

i • like FRAMES, bu give~ only the TYPES of tl11c ;1rgumcnts lo each. This is uscflll in thos-c. ituations when the 

~tack show iUc-gal fRAMEs oroUlcr unprintable objcc:L. 

3 .2. The M Ol Editor 

EDIT allows a MDI. user m make incrcmcnud changes in Mm. structured objcclS, without k,wing MDL 

and with lb ability to sa\'c th~ re. uhs ~n a file, nnd to set ur dear cmidiLiona brcakpoin of arious sor in 

ohjccls thilt wHl be C\lalm1tcd :mch ;1 tlNCT IONs. 

ED n ~s an cdilor/dcbuggcr wrincn in. riucn for, and run ing under Mot. ll comprises [he package 

"'EDIT" and several mailer pack,gcs which wrn be mentioned l.ucr in this section. EDIT is preloaded in 

mo~t initial MDU. 

To u:u cd1ling apply EDIT lo no ar umcn'ts or to the name of the object you •.ish ta edit: <EDIT> 

3.1 PrcurPrln ting 
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a 1scs cmry into ED T and opens the last ubjcct edited: <EDIT objec1> ~.iuscs e111ry into rn IT and opens 

r,bjrcl fur editing. Pcnnissib c objects include: 

- ATOMS. "lhc GVAL (preferably) or lh LVAL of the ATOM is opened, If it has DO ·aluc, rnn 
mms a fALSE. 

PR IMTY PE LIST. "l11c PR IM:TY PE LIST ts opened. 

FIX. The 1ack frame with that number is opened (i.e., <A'RGS < f RM fix>>). 

Pan of EDIT's efficiency comes from frtrhidt.ling it to de ve into objects thac arc nm of PR UHYPE LIST, 

th:H i . 1101 L Sh. FORiM . UNCTION~ c(c. ncmpts to cdil objects tif urhcr P'IUMT¥1PE.- wrn result in error 

mc~gcs. The. objccL~ can. ho C\•cr. be trr;atcd a: unics hen in, cning. searching. clC.: or they can be 

d ,mgcd in o L rs ·. cd"ccd. and . 'lcn chang :db.it: co lhe r migiual types. 

3.2. 1 . The Ed'it . US TEN loop' 

3.2 .1.1. The Reader 

When in ED I . you are typimg al a spcci.1l nnwstandmd. inpuc funclion : The ED IT Reader. 

The Reader n 'low you to type ED n commands and have 1hcm executed • .and also to cvnlualc Mo · 

e;,.prcssinns nonnally. Us chiirac[cristics arc as ollows: 

- s in Lhc nomt,11 MDL RC.1d~r. nmhing is done unt.U you type IE SC. DEL. t L. t D, tG. and S also 
work nunm1Hy. 

- I\ r ED I comm:inds arc lcrmjnaccd hen an ESC is cncouncered in the inpuc stream. rn 
addition, mosl cumman<ls ill lcrmirnatc whenever the maximum number of argumcnls required 
Im. h<:en i11put or whenever an .irgrnu:-nr of the wrung type bi cncounlcrcd.. In lllc former case the 
nc:\1t objc,ct is ta.ken as a new command: in the latter case the objocl of the wrong type is ,t.1kclil as a 
new command. rn n cummands ma be lyp<"d in either upper or lower case. 

- ,f ynu type S(1Tncd1ing mat ED IT docs mH recognize as a comm.1nd. normal rn. cv.ilmuiun and 
printing arc perfonncd on thi!!t s 11nc1hing. "T1lis evaluation i . ha\'C no effect on your p ·ition in 
the objoct you arc edili g. 

- While editing a ftmctirn11 which is part of ,1 PACKAG,E (dclcnninc<l rnim an examination of £he. 
OB IST conu1rni11g the ATOM whose ·aluc is the function). EDIT c.u.1:t.-s the OBLIST p.1th m be 
s.cl tip to what it 1.11S in the environment of lh,1L PACKAGE. "Ill is ha the auvmuagc or red 1ci111g the 
nut1 bcr ur trailers printed. , nd cau ·cs nc y entered A TOMs to foll on the correct OBL I ST ,(the 
internal OBL I ST of 1thc Pf\CKAGE ). h h;i the sligl t disad\l,mlagc that it di b cs the dylilamic 
loader ( · hi h cpcnds on imhou d variabl~ failing on tl e INITIAL OBLIST). lf the 1GVAL of 
E-PKG is a f A SE. this fc nurc is disabled, and the nonnal OBLI ST pa.lh is ifl, ctTcct durin 
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editing. 

F.xampks: 

R :5$ 

;1 1ses cxctulion of ED l l cmnmand R ith argument S. 

<R 5>S 
Cmses application of lhc function R to 5. 

3.2.1.2 The Ampersand Printer 

2. 

Your cumml po itimi is <li ·1 l.lyrd by '.impcrsand primiu • (sec section 3.1.J). · 'hi con-.is Llf printing any 

11hjcc1 min .i sin le line hy using thr d'lara ·tcr & tarnpc . ·md) lo mean 'There's more ·tu rf here. 

The ampc ·ind printer used in EDIT is mui.:h like chc ~mnd,1n:I one, wi lh lhc .11.klilion that your currcm 

pu:;ition (sec bclnw) is t.li played by the glyph I. 

When. nu iniiiaUy enter ED i . ymi arc in a mode called· no11-,crh11 r:!; in whirh ;1mpers:md prh,ting ;snot 

,11 tumatknlly dune following cxc u1ion off D IT comm<,1nd . . ·me V cmnmrind is us.ct! to toggle you in and out 

1 ... crbti.sc mode (sec below). 

F.1amples: 

#FUNCTION ( I (A 8 CD) <&)) 

lndkatcs that your position is just to the lcfi of ;1 F'UNCT JO ·s ar 1:1mcnt \ist. a 1d the f UNCT ON body 

cunwins one FORM which was too big to prinL 

< .. & <KRK <-+ . A 6» _ (SET BAR <ORG» (&) &. , > 
lndi tiles lhaL you arc in Lhc middle of a 1.irgc FORM tc.g., a RE PEA; T or a PROG) positioned just to the kfi of 

the < SET BAR <ORG> > .. I 11 additiun to the objcclS printed, there arc m.nrc object · to b nh ll,.e 1c a d lhe 

righL, and U1cre i one ORM which was too Jarge to fi on the line. 

3. 2 .2. Edit Commands 

3.2.2.1. General 

I\. cql1c11cc of ED IT commands is exec med as soon a you typ f SC. Ir one crnm mid foils, subsequent 

rnmmand up to the ESC :ire ignurcd. ,.ind EDIT 1ypcs mu a11 appn.i riatc error message. 

commnnd generally ha no effect whatsoever: but sec indi idua1 descriptions. 

failing' OH 

otc Uui all ar umcn Lu EDIT funcuon must be lcgill Mm. objc:cClS. ln pimi ular, you i!n'l ~arch ro 
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<SET .. inc. the O's aren't b·1fa11ced. or can yuu iilscrt iL (l'lut you cDin. fur imwn c. searcl for and inscn 

<SE . THING · ) ,) 

ff a ct mm.ind c.:t..p clS an argument and docsrft gc one. an error mcss.:igc ~ ill c printed. 

M .. ny E O 1 ommands lake FI Xcs as argumc:nts. Those lhal do i tcrprcL d~c ATOM • as an argumcnl to 

mc;;rn ·,;r mm~~· , possibie'. 

Whc11c er . uu i!TC in EIOIT. you have well-defined 'positfon'. A position ·s a 'place· inside a Mm . 

. lrncturc:~ this 'pl!aoc' i either /J('twel"n two 1c-mcm . .:. of the lrncturc, or bl'Jwun an c cmclH and cill,cr end of 

Lhc :-muct re, or imide an cinp1y lru:cturc. AU cdiling. mm·cmem. and printing ·ornm. nd. opcracc relative o 

your currm positiun. ·111c ccm · ur.:;nr· is u. cd in the folio ving descriptions h> r for h an cmho,.Umcnt of a 

position. 

The tlmnat used in .ich ufthc following ommand descriptions is: 

Crmmr,mli as TJ'Ped 

D.e.scriptiotJ 

3.2.2 .. 2 .. General Commands 

? 

f:'ugJfsh Name 

duh? 

Causes a £hort summary of all ED IT commands m be typed out The same summary appears later in this 

chap'ter. 

1? huh? 

Similar 11.0 I.he • bove. but the summary i even shorter, and should tit entirely on the scrcc111 of an Im lac 

tcnninal. 

Q Quit 

Leave ED and return to Ml>I~ (Causes EO 11 Lo return the ATOM T.) 

QR fi:x Quiit and Retry 

Quit from ED n a1nd then retry the fr me specified. or by dcfoult. the one originaHy given 'lo· ao open 

command or . . if none was gi en. he frame bcnc..itl lhc !ilSl ERROR or LIS TEN frame. 

tF Cont roll-if 

This is not really an D l commalild' ral.hcr, i[ is a character, t,bt incd from I.he input stream at ~ntcrrupl 

'111c MO F.ditor 12 
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lcrcl. which is u c<l lo reuim. nu to the rn I l Reader from some hi her lc,,.cl of applicauun. e.g., a £ RROR' 

l Sl EN. It i lhc EO IT t'Qlli aknl of ERR El' whh rm. rgumcncs. 

1 r (< r S) typed during ciocutinn of an 'ED IT command i similar w n.unna Mm. -t S but return lo the 

1 T Reader instead of th<: MD1 . L lSTEN h,op. 

Open 

F.quiv:iknt tn Q fo o cd b <ED T vbj{!{_·1>. Posi[ iuns the cursor just tn 1hc left of the firs[ ckmcm uflhc 

entire objc-<:l specified. 

Ol Open Th is 

if Lhc object tu 1..hc right nf the l:'u rsor is iln ATO . or ,t ronM y,·husc first clement i,. ,m AtOM. and t.hc 

fl 1 O fs ·aluc is np.cnahl •. then il 1s opened. · 11~ command i. u~ •ful when tr.id ng ;1 calling ·cql1cnct· tl1 rough 

-;c-,·cr.il function • 

3.2.2.3. Movem,ent Commands. 

Ul 

Pl.1c~ lhc cul'.:;t1: 1 lhc pnsilinn it had foUowi g an, 0. 

R fix 

Up to th,e fop 

Right 

1u cs tl1c cursor fi objects to the rigl t, y def a nil one. If fix is [o I large, i.e., lhcrc illiC mu that many 

pu-;ilions w the righL of the currcm position. EO l. T prinlS .tn crrm crnnincnL a 1d the cursllr l,WS where it is. 

B Back 

ovcs lhc cursor as far to lhe rigln as possible. 

L fix Left 

Mu cs 1.hc cursur Ji pt)SiLhms ~11 tile !cft b. dcfau lone. [rJ1.l is mu large EO l T prints an trmr message. 

f Front 

Move the cursor as far lo the kn as possible. 

DL Oowfl Left 

Position the u[Sor ju ·t to lhc right ur I.he n°htnmst cic11cm within the ol1jcct lu I.lie l~fL of Lhc cur.mr. iF 

tl1c1t obj t 1s of PO lMTYP E LIST. Vi u.i1ly. til e cursm moves ten over on ·cinsc brackcl'. 

3.2 The MDL F.tlir r 



24 ·me MDI . l'rogrnmming Fn iro11mcnt 

DR Oown Right 

Postlions the cursor just to chc lcfl. of.th · kftmost clcmcm · 1th in the object to the right of the cursor. if 

Lhal object is of PR IHTYPE l ST. v· ually. the cursor moves riglu ovrr one ·npcn bracket". lf lhc cursor is 

lo the ktl ofan ckmcnt th.a · is not of PRIMTYPE LIST. EDIT prints an error m.(!SSage:. 

0 

Hquivalcnt to DR. 

UR fix Up Right 

Pusicionii the C1l fSOr just t I the right ,r the object Lh ct1rsor is currc11lly wi 11h'tl. Oocs. so fi.'C Limes, b 

def.lull unce .. 

UL fix Up Lert 

Poshion~ chc Cl rsm jusl to Lhl! k , nfth~ ubjccL c.hc cursor is currently",. ,hilil . Docs . ofix lime · by dcfau L 

once 

Edc1nical 1w UL 

S obfett 

Up 

Search 

Oocs a dcpdl.·fkst. 1cn-tim lrcc·walk. (i.e., lcft·Lo·ri&ht) slartin wi h lhc ohj;oct Lo the right ,if the cursor, 

unL!I he cursor is just to Lhc right t fun object structurany equal (i.e., -? ) to ii:s argumcnL n occurrence uf 

Ute ubjoc:t wil not be found ifit is in idc anything nut uf PR IMJY:PE LIST. On failure .. the cursor docs not 

mo e. rn.hc argunu~m is omH..:-d. me lasl objc<t searched for is used. 

SR objecl Se re h R i g h t 

Sa Iiit:e ass. 

SL ,object Surch Lan 

Same as S but the trcc·w lk is depth-first ris1n~firsl (t.c., right·to·Tcn) and y,ou end up m 1[1hc left of lhe: 

object fbr which you wcr,c scaKhing. 

3.2.2.4. Printing Commands 

The Empty Conrnand 

The MDL Editor 3.2 
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,mses the nurrna ·ampc,rsand print" cu be clone. ·mis i principally lisdul when ;nu ;ire in ·sikmr mode: 

SC<" thi:.- V cummand. 

By the way, an 'empty' comm.ind i,s typed by typing E SC wlthou , ha\ling typed an Yisibk char.ictcr5 

1cfore wt 

p Print 

PPR I NT s ( not ·:rn1pcrs.1nd prin~·) chc object LO thc right of lhc eurso:r. 

PU P,ri nt Up 

rr:ru HTs the object lihc curso:r is in. ·mi l. •imilar to doing ;1 U nnd then a P. ,;1lthoug.h the cursor is not 

1110\lcd, 

Pl P,rint. lop 

PPR Uh Lhc \'.·hole objcc1 you hove open. 

V Ve rb,os i ty 

Toggks I.he vi:.-rbosity mudc brtwccn · c.rbuse' «mos1 C"ommands C'au~ a1npc:sand printing) and 'silcnr 

printi11g of any sort i. done only when some <''-Plicil prim command is used, or when .in cm.Jr occurs). Tin 

current state of \'erbosity is the G.VAL o:f E -VIE RBOSl. 

In silent mode, .Jib . .-.n uidy 1101hi11g is printed .1ft.er each crnnmund, 11ot even cw·line or promplS. 

1 lnw~vcr. oormal M OJ . cvntu:1tion &tiH cm.1scs nomitJI MDL printing. 

3.2.2 ... 5. Editing Command · 

l mi:f ... lnseli"l 

h1scns all its rgurncnts immediately 10 lhc right of the cursm. one ,of llS ar:gumcm arc cvahmtcd; you 

c:.i1 inscn uncv;iluated ORM wilhout lJising QUOT · . · l1c cury;or ends up lo the righit of th.c last object 

mscncd. 

Get 

• amc a l, but its arpumc11ts arc c\·ah1ated. · ,'hi i · uscrul in conjunclion with I.he X cumm:ind (sec below). 

Jnsert Type 

Grnbsfi..l bjccLs ll) !he rfght or Lhc cllrsor. rn. crt!> lhcm inrn a nc ly ctca1cd obJcct or TYPE type, deletes 

them rmm thC' original [nicmrc. mid in ,ms the ncwl_ i:rc:itcd ob1cct in th~ir pfacc. In 01hcr words, it inserts 
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the Hpprnp riatc op c n and dose brad cts for type ,(It lh c ursor and fix ob jcc lS to r.lle r" ght 

11y dcfaullfix i one., l)'.pe is LIS . n error message is printed if fix i , larger Lllan the n mbcr of objects 

tu 1hc right. of the cufSOr. 

There is 1111 wa)1 to dir,ocU~ insert or delete single pare theses. brackcls, etc., using ED IT. [nstcad. use K: 

(sec below) co remove pai~ of hr c ccs .• nd I : to insen lhc:m. 

Im,bed 

lmbcd Tooks fi>r all occurrences uf i11dimwr in ue,,.-s,ror11,re m1d replaces these oocurr-cnccs with objects 

taken ilnd dcktcd from the right orthc ursor, h Lhcn inserts Lil r~u'IL 

ff only 11eH,.Sln1'·wre is givcn. lhc indimrur is rhc A OM •. [f thC"rc. rcn·t cnu gh objects to lhc righl uf th~ 

Ul'S4.lr lo rcplare cru:h i11dirnlur. rc111ai11in indkaturs ar~ left llntmti:hcd and a w:1min mcss.1 c i , prhucd. Er 

no indicators are fl:urnd. the new stru lure is. inserted, but a Yl'am·ng message ·sprinted. 

1 • is gencrany used rn inscn one or more sm,cture~ inlo another cun1pl'ex sll'Utture in one upcnufon, 

instc,,1d ofsc er-at for C'x.amplc.: 

<SET X ■ (12 .Y>> 
I• <COND (<NOT <LENGTH? .Y 11)> •)>$ 
<SET I <COND (<NOT <L[NGTH? .Y 11>> (12 .Y>)> I> 

lac<:s a prot,cctive tonditional .iruu nd an NTH lu prcve., tan om-uf--bounds error. 

Insert into Group 

Inserts ·nto a group,. IG is similar to I. but assumes lhat the object you arc i11, is a group (as produc,cd by 

~ROUP-LOAD). ArgurncnlS to rn which arc no AJ0Ms are inscncd as in I. Objects whkh arc AT0Ms and 

hich ha'll'c a \"due insert a FORM which DH INE.s, SETGs or SEfs the ATOM as .pprop6ate. Thus. to add a 

new function f ,to a group G. one cou Id type 

0 Gs;IG FSQS 

K fix Kill 

l>clclc:sfix objoc~ to the right ofU1c cursor. Defaults to one. cgativcfi.x ~auscs ddcliun fo the left of the 

cursor. 

Cm 

Changes the on<: U:bjcct ro !he light o • the cursor to ·ts ing]c argument. Docs mot move the cursor. [)ocs. 

not evaluate its argumcnL C is more cfficicn1tt 1tban K plus I. 

1 ' e MDL Ed·tor 3.2 
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c: rrn,e:atmu Change Type 

Ch,mges the type of o:bjccl to the right ur•the cursor to iype. AucTnplS to dn something rca onablc ~or 

c,·cr Lype change. If you tell it lU change a STRI NG to (I. l IS l. ~•o 1 gel .i L l Sl uf CHAR AC E Rs. If. ou 

;1 t1cmp1 t:o change a structure whose elements arc otllcr than ClllflRACiE R and S RING to a STRI rn, you 

""'ill gel a Mm. error. 

Ki 11 yp,e 

I) lctcs fhe bratkc!S around Lhc object tu t!'lc right of the ursor. I.e .. kills U1c object and 'nscns hs 

~kmcn s inlo the strurw.rc nf which it w~ a pan. 

U m•w old Substitute 

·11,e S11h-;1iLutc command takes 1wo :1r.0 11mcms. All ucrurrcnccs (1foM frnm lhc currcn11 localiun ln the end 

11f I.he open < hjccl k lually .i • c11rch-right is dune) ;1rc rcrk ccd by 11('w. Once 1.hc sc:uoch fur oM fa'l's thC' 

rnmmand 1rn:nioatcs . .111d the nm:i1hcr of s1.1bstituLio11s pcrfomict.l t printed. The cursor is kft aficr ·the las 

,hjcc:l rcph1ced. 

X. HI.Wn Transfe 

SE ls the m,:m1 to Lhc object l:D 1.hc right of the cursor. X can be used wilh Kand 1G to mo,vc chings armmd 

w11bin Ille object being edited. 

SW Swap 

waps lhc two obj.ects to right uf the cursor, leaving lhc cursor pointing al the smnc object The effoct is to 

1nuv he cursor and the Gbjoc 1t points aL one object to the right. Rcpcaccd SW. mm·c cursor and object 

l11rthcr and rurmcr lo Lhc rigllL 

3.2.2.6. Macro Fac iUty 

M ~ Macro 

I', ·c: cilhcr a Sl RI NG ur slimclhmg which EVA Ls to a STRING and perform - al of the comm. nds ln ithc 

:, l l l NG. For complete u ·sunmrc that your command v.•ill be dune properly, pm an ESC between 

lommands_ 

I I .fu. !1J1!.f.!!) I te ,r a:te 

'l'lus command (also called DO) take afi. and macro as if an argumcm m M .. TMs comm.ind will loop 

lhrm1ph I he macro fix limes or until a error i gcnerntcd. When lhc itcratin111 ends. the user is told how man 

3.2 1 1c Mnt EdiLOr 
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omplctc pas.¾'s ave been ma.de of the macro. 

r n uth of the • bovc commands, if an ED IT rror is c r1cratcd, the macm w iU tcnnim1tcd, and the 

mac-m ii.Self will be printed, ith an arro • pointing. to lhr offending nmmand. The: cursor will remain at the 

place where the last legal command left iL 

' Ilic SU command is, imcmally: 

00 ... "'S o/J1i,LSC neWS"' 

3.2~2. 7. Cursors . 

Cursors urc locations in uhjcct being ED llcd. In addicion to tll main c11rsor. hich is where cdilin 

occurs. oLhcr loc tiimr also called cursors m.1;r be rcmcm crcd. ' 111c ma1 1t Cl1rs11r mfl he moved hl am thcr 

cursor m a :inglc operation, ptih:nt,i.111~ saving many motion commands. I 11 l,irgc fUNCT roNs cursors may 

,1lso reduce crn1fm,ion by distlngu.ishin amun . C\·crnl .'ihnilararcasufcode. 

UC Use Cursor 

·me PACKAGE for dealing with cursors is. not nnnn:dl;• load d in m1 initial ML>I so the UC command l'oads 

it ,md makes !he cursorcomm.inds availab c. The PACKAG E loaded~ "CURSOR". 

CU arum Curs.o-r 

CU Lakes an A TOH a'fgun cm and Sf Ts [.he A TOM to , n objcc of lypc CIJRSO,R, which uic to be clever in 

the cvenl you change tlu;: object. lso, if you use the X. command to name a ub:mucturt and then move copy 

it with G or I . the cursors in the s · bstru tu re · ll foUow lo the 11cw location. 

lhcre arc sm c restrictions. Cursors in cmpry ISTs arc okay but they wit not folJow the objecE to new 

loc tions. -lsu lhis 'following' fc·1turc i efrcc-tive un y at the tim G or I after the X. To mo\'C the substructure 

agn.in you ha\l'c to X again. 

P' is somewhat incompatible wiUi CURSORs. Cursors in fmbcddcd 'lructures will sumclimcs disappear. 

Go 

GO takes a cu~ar(nommlly the LVAL of ail ATOM previously gh•cn as an argument to C'U) and Goes to cha 

positfon . ff d1c cursor j.s 'Hcgal ( , ul in I.he current uw cvcl structure. an error message will be priijlCd and 

you m rema·n in yom previous position.. 

KC~ KiH Cursor 

The MDL Bdi.ror 3.2 



· 111r M D1. Programming J-:11\' i ronmcnl 29 

K ill the cursor assigned 10 mom. 

PC Print Cursors 

PrlnlS al cursors in the structure to the right of die rn.ain cursor. 

A Primt All Cursors 

Prints all cursors in the currently open structure .. 

3.2.2.8. Breakpoints 

B1 11redicale WW • • • Breakpoint 

I nserll a brcakpuinl '{1rnund' I.he ohjcct to i:hc right of Lhc cursor. Takes any number nf arg11mcnts . 

S11hscqurrHJ;·. whcnc,·cr tluu object would hnvc hem tn1lu,ucd. ~ou i11sLcad hil a bret1kp1i1n1 functfou whkh: 

L f:valualcsprediml!'. If the \•._iluc is FALSE, c alurninn cominues as irLhcre were nn breakpoint If 
Lile rnluc is no ·FALSE. or ii DK wa.i; gi\'ca no :irgumcnts: 

2. Types • •a RE AK• • . 

3. For each argument after 1lhc first lh at you gave B:K. types 

arg = EVAl. ofarg 

4. l:mcrs LI STEN. 

'fou continue by applying E RRE T to one .argument. just as from an ERROR: the argument's · aluc is. ignored 

lkcakpoints are "mplcmcnlcd by inserting ~ BREAKR a PR I MTYPE L l ST with APPL ¥TYPE FORM), 

w},ich c:onsisrs of lhc function BREA KR and argmnems, h1duding llle object breakpointed. A break1>oin.t 

p rin:i.s as a glyph similar LO the cursor: 

''objecl 

11 lhc A TOM SHORT- PR I NT is assigned and FALSE. the acc.rn:it BREAKR LI ST is primed. 

' l11c breakp-0int furicLinn returns E VAL of [l1c thing it is put ·arou11d.' am.I there are cases where U1is does 

111111 work. There arc alway cql1irJlcnl pl.ices lhat do work. 

1. 11rcakpuint 011 the fir.it clcmcrll of n f OR -1 docs not wnrk. Pul il on the "'lmle fORM. 

2. llrcakpuim on a LIST whic-h is an iirgumcm w a COND docs r1m wurk. Pm it trn the first FORM in 
the UST. 

Dfl pudicale OIIJ' Brea,k A ter 

.l2 The MI JL Editor 
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Simitar o BK. but pulS chc breakpoint afln lhc object at the cursor. hs action is like dlul of BK ccpt that 

he break oocurs aft r the objccl ic ls un is EVALcd. 

This sortof rc,,kpoim prims like the 'before' sort wl wilh lhc glyph ft rthc object bro en: 

ubjectf 

·me prci/icare for a BA brcakpnim m,iy check the ._,,due returned b1 F,VAL or the object lh hrcakpoim is on. 

This value is a,sign d by BREAKR to the ATOM VALUE, 

l<.T "ill This 

Rcmnvcs lhc hrcakpoin (ff ;in ) mm I.he ohjccl lo the right of Lhc cuoor. 

KB Kill Brea points 

RcmuvC':'.- all brcakpointJ in the currcmly open object. 

3. 2.2.9. Edit Monitors, 

"111crc trc several comm.in:ds in EDIT which provide a simple int rficc Lu the "MONITOR~ PACKAGE. 

111cs.c. llow placing of monitors on references to or moditkmluns ur LVALs h • imerpreu:d MDL code. 

For a more complete iscu: iun oflhc use ofmoni:wrs. sec seeuon 3,.7. 

Use Monitors: 

rll,c PACKAGES for dealing i[h m1micors arc nm normally Ioadc 'in .u in.ilia! Mm su the UM command 

oads Lhcm and mak.cs the three cnmmands for rcating monitors ,l\'ailable. ·nw P·ACXAGEs loaded arc 

"MONHR". which is the general. munitor PACKAGE. Bild EMON T", hich i~ the interface between EDIT 

,rnd "MONITR . 

RW atom p.mlitate any Read·•rite Monitor 

The most g~ncra , type of mouiwr tha can be set is ,l read- rile monitor. mt will catch any r,cfcrcrn:e to or 

, Uc npt to modify die lVA of the atom specified. The rcsuictions on placement of brca points .ilso apply lo 

monitors. wilh the additiun that a monitor on iln LVAL must be pbccd aft.er !hat LVAl has become 

ASSIGNED?. 

·me second. third (.and so un) nrgumc-1ts to RW arc the· same as th se for BK. 1'hc predicate may ~ 

.cpcndcn 011 either the new or I Id value of the ariablc: 'lllCSC arc ilYa'labfe as the LVAls of NEWVAL and 

OLOVAL, respectively. 
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When ~ mnnicor i,s c:riggcrcd. ic prinlS chc Lypc nf moniE.or, 1hc Wlriabk being rmmilorcd. and any other 

rnforrn11tion roqucstcd by the user. and then ca_lts LI STEN. 

A mon · lor prin'l:s as yet a:imthcr glyph: 

t[ a:tom]objecl 

"here mom i. Lhc ATOM bcjng, monimred. ,md object is the object U'll which the c~•tl to MON l TOR is placed. 

F .• cn monitors arc objects or type B RE AKR .• nd thus the}' arc li11cd by the same comm;mds Lhat kill normal 

breakpoints: kB. KT. and so on. 

RH afOJIJ. predicate a,1y • • • Read Moo1tor 

RM is analogous to RW, bul is un,; triggered by reading the \'ariabk. 

WM _atom pr:edimte lmy • • ·write Monitor 

WM 1 an.11og<im to RW. bm is only uiggcrcd by Y.Tiling the llarliibl 

3.2.2.1 10. Use r~defined Edit Commands 

his pos...,ible Lo add u CNicfined rnmmandsto EDU. Tllc value nf rnn-TABLE :shm1id be a VEC 'OR of 

ST RI NGs (commands) and APPL I CABLE objects. ED IT will S<:"arch EDI T-T AEt E before lts own command 

1ablc. Ira maleh is found. he APPL1CA8LE 1;1dl be applkd w 1hrcc a1·gumcms: the ~mnmand ldng, the 

OCAHVE conL11ning the item currently being edited the immcdialcl_ sulimtmding c)hjcct) illld U1c position 

rn that ilem. 

otc that uscr~dcfincd commarids should nm be riddoo c;i..ccpt b_y c,onstructing a nc value of 

UH T-TABLE rrom th~ otnnmamts 10 b<: added a11rl the oJd \'alue. Otherwise any C);islin user-defined 

rummands may be losl when ne ones are added., 

The Monitor command described in soction 3.2.2.9 arc cffl"C"t.ive~y ·1nstaUcd· uscr-dclincd cummands. 

I 11.·y add elcmctiL!ii to EDil-TADLE when loaded by the UM command. 

3 .2 .3. Examples 

3 .2 .3 .1 . Simple Editing 

St1pp-os.c you lrn c the FUNCTION 

3.2 ·me MDL EdllOl 



n r'hc MI )I. Prngrammrng ~1.rwirnnmcnt 

FUNCTION {('A) <EVAL . >) 

.lS Lll glu al ·;1Tuc (lf the TOM 5 MP. and 'OU wish to chan~c It to 

l'lfUNCTION ( ( "BIND" 3 ' (< EVAL .A .B> .A)) 

~•smg ED CT . The fo llowmg ,:;~rnnpl ~ ocs just that it inclu ~ dui11g the diting and ,1pplying ui .SI MP co an 

,r _ umcm. Con:o1c input and nutprn arc sho n bcluw ":\ml~ as they ould be in non·silt>1 t mudc. (Console 

input cmis's.b; uf tho. c haractcrs lo the left. of C\·cry n , otc that there is nothing in S IMP wh ich is big 

,.; nough to Wilrl"aru us<: ofan &. 

<EOH SJMP> 
vs 
#fUNCl JON ( II ( I A) < EVA ,A)) 
DS 
( I • ) 
l "BIND" BS 
( "!UNO~ B A ' ) 
S .AS 
<EVAL .A I > 
I • BS 
<E VAL .A .8 I > 
UR 
#FUNCTION ((tt~I o~ 
I .AS 
#fU~CTION ({~BIND~ 
L 2S 
#FUNCTION {(" BIND ~ 
l: LIST 2$ 
#FUNCTION ({tj IND" 
<S!MP < 1 2>>S 
(3 <+ l 2>) 

B 

B 

B 

B 

I ) <EVAL .A 

I A) <EVAL .A 

• I <EVAL 

' } I (<EVAL 

> ) 

.B> .A ) 

.A .B> , A) 

.A .B> }) 

#FUNCTION (("BID" B 'A) I ((EVAL .A .B> . )) 
QST 

3.2.3.2. X and G Commands 

ln this example we have the FUNCTION 

<DEFINE f ( X) 
<1G • tO> 
<H 23 <- .l t>>>S 

fl applying the X and G unimands lO the ppropr.ialc FOR s. we arc able to swap the FO RMs withrn the 

-uN1CT 01N. 

!"l\c MDL Edito.r 3.2 
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<DEHNE F (X) 
<G .X 10> 
<H 23 <- .X 1>1> 

F 
< on os 
~ 
IIFUNC ION { I {X) <G .x 10) <H 23 
R:$5 
#FUNC 10N ((X) II <G fl) <H 23 
X MOVERS 
#FU CTION {( X) I <G . 10) <.H 23 
K$~ 
#FUNC 1'0N (( ~), I <H 2~ ,( - .x 1>)) 
RS~ 
#FUNCTION (( X) <H 23 ( r 1)) 

[1 .MOVERS! 

<-

<-

<-

) 

II LI CTION (( X) < 23 ' - 1» <G . 
Q!l 
. MOVERS 
<G . x U> 

3 _.2,3 .3 . Uncond itional B 1reakpoint"' 

.x D> ) 

.x ].,) } 

. X 1 » ) 

Hl> ! 

Ii I lllSCrt uncondilional brcn pnm!~ Ulh) lh f'UNCT I ON in tile nc l C).ample. do Lhc fulhlwing: 

1. Define f 1B and tcsu c , UHCl JON a few l"mcs. 

:!. En tcr f D I l {Ind position ch~ cursor apprnp riatcl.y. 

:l. I nscn the breakpoint 

4. I <:,we ' O IT and run 1hc FUNCT! QIN .tB.ain for the '1:'aluc •. The breakpoint .is exercised 5 time~ 
d linog this mn. 

'I 1c ,iDL E<ittor 
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"DEF !NE FIB (X) 
< ONO (<L -'? > . ) 

18 
( f IB 5,)S 
5 
<:FIB 6>$ 
8 
<HB lO>S 
55 
CED T FIB>S 
RSS 

(ELSE<+ <fIB <-

FUNCTI ON ((X) I C&)) 
BK . OQSJ . 
<FtB :ns 
"'*BREAK•• 
. ,. = 3 
U STIEN IN6- T- LEVEL 2 PROCESS 
<ERREi T>S 
UBRE I(•• 
. . : l 

LISTE ING-A - EVtL 2 PROCESS 1 
CERRET T>S 
••BREAK•• 
.x = 2 
IS EN£NG-AT-LEVEl 2 PROCESS 1 

( ERRE T>$ 
••BREAK•• 
.x :a 0 
LISTE IHG-AT- L£VEL 2 P~OCE S 
CERRE - ns 
• •BREAK.•• 
.I. ,: 1 
LI STE ' NG - AT-lEVH. 2 PROCE S t 
( ERRH T>S 

111 r I )I . Prugramming I t11v1ro11ment 

2» <F IB <- .1. 1>! 

3.2.3.4. CondiUonat Breakpoint · 

We continue from tl1c previous c1tamplc and demonstrate condhional hrcatpuints "th the follo ·11 ; 

l. Enlcr ED IT :in:d kil] the breakpoint rom lhe prc,..iuu clample. 

2. Pn iti 1n I.he cursor.ind insert a condhional breakpoint with apredicote of(O,? . X>. 

l l.ca.\.·e EDil and nm the fUNC · ION again for the value m. 

4. Eru.cr rn 1 T .and remoYc me brcokpoinL 

nc MDL f.d.itor JJ 
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<EDIT)$ 
s 
HFUNCTIO.N { ( X) '<&>) 
KBSS 
#FUNCTION ((X) <&)) 
BK (0? .X) <JIME>SOSI 
<FIB 10>$ 
••DRE.AK•• 
<TIME> = 14.794538 
LISIENING-AT-L[VEL 2 PROCESS 1 
.XS 
D 
< RREl DS 
0 BREAK•• 
<lJME> = 15.252382 
LJSTENING-AT-L VEL 2 PROCESS 1 
.XS 
0 

<f:RRE.l DS 
••B,REA!K•• 
<TINE> = 15,716037 
LISTENIN6-AT-LEVEL 2 PROCESS 1 

and so un. facnmally we reach ilk 1,;icst breakpoint, and rc·cmcr rn:n 
<EOH)S 

H UNCTION ((X) I'<&>) 
KB,SQST 
<ERRH DS 
55 . 

3.2 

3S 

'fhc MDI. Editor 



Ille MDI. Prog,rnmmin~ Environment 

J.2.4. Edit Command Summary 

' l.AM.l:i ~ 

? none 
? none 

0 ~ 

0 l10'118 

Q none 
QR fix 
V mme 

1 1m·cm~ru onmma11ds 

L fix 

R fix 

u Ju 
D mme 
B none 
f r,one 
UR fix 
DL }ix 
UT norie 

F.diting cnmma,l)ds 

f any •.. 
I : o•pe,fu 
1• atum,objecl 

IG ooy •.. 

SU DtJf.w.d 
.( !U9llJ. 
G any ... 
SW none 

!l!I! 
c·: Im 
K fix 

K: none 

~Cgmma~ 

S/SR 
SL 

&IDCommanda 

lhc MDL Editor 

\1.P JNQ 

,ipc nut shon summary 
type ou this ummary 
1 pell object oi the value of :m atom 

pen (Jbjccu lhc ·cursor 
Quil ; ml rct 1m 10 MDL 

uil and Retry frame 
toggle Vcr,bosity 

mm l, .cftjix objects 
lo,· IUghtfi.r t bjccl'i, 

mo, c U I fix levels 
mo c I • n nc level 

H \"(' d Had:; or object 
m<, c to Fro1 t nf object 
1noH~ Up ft x objocrs .md to the Rig~1t 
Hl(WC )uwnfix objccis and to the Left 
Up Top -- go lo the place you were af\Jcr ~mu did 0 

n rt argmncm.s to the righL or cul'SOr 
ma c nc.lt 11 •objocts into a type 

lmbcd cmnmam:I: replace .ii ~urrcnccs of att.>m (default•) 
il11 vbject 1th objects fo right of cursor 
I nsc.lilt huo group 

, llbstilulc ,,e v for old 
;cc lhc au,m to the obj.eel to right of cursor 
Gel EVAl of argumcnis. inscn to right of cursor 
SW.ap the two nbjcclS m th~ rig.he of cursor 
Chm1gc me ncx.l objec • to atg 
Change the type of d1c next. object to fype 

ill (de ~le) the ncufi.x ohj,ccts 
Ht (remove) che 'brackets· around the ncx 11 object 

caroh (Right) until match (=? is found for aJty 

~c.an:h I.ell _ above 

12 



mcm 

M 

H/00 
rtrina 
&,string 

Prin~ing commands 

p IWH.f 

PU none 
PT none 

~Joommands; 

UC UOIU 

cu !lli!lli 
GO ~ 

PC u.cme 
PA m:mf 

KC filfill:l 

BK pred,auy ... 

DA pred,auy ••• 
KD uon.e 
KT nom 

M,opito,r commands 

UM 
RW 
RM 
WM 

nolle 

at,om.pred.,arip ••• 
ottl!Jl,pred.any, •• 
atom.pred,auy ... 

c:i.ccutc the st ring as i flypcd to ED IT 
lTcralC cJlc execute striugfix times 

PPRI NT lhc next objccl 
PPRJ Ni the next Upper level 
PPRI NT the whole obj eel open 

Use Cursors 
set awm m CUircnl cursor position 
GO Ill lhc Sf)C'CI fled Cll rsor ptlsilion 
Print Cli • r posh inns in the currcm object. 
P'rim /\II cursor p1 . it inns in lhc m,Hcvd object 
KHI the Cursor as£igncd 10 the atom 

SCL BrcaK pni nl al next object: if pred cval,u.itcs to FALSE, 
drnm't break: rest nf argumc n IS arc pri ntcd nut at break 
set Hrc:akpnint A fl.tr nc:i.t objoct 
KiH ~•II 11rea1,qminis in Op<!n object 
KiU This brc;1kpoinl in lhc tibjcct to 'the right of cursor 

Use Monjtors 
m Read-Wnte monitor on atom 
SCL Recldl Monitor on atom 
set Write M01!ito 011 atom 

"f and tS re:Lum you to EDIT fmm a higher levet 

31 

"ll1e A lOM • may be used as a fix argumenc whose value is the largest le-gal value for t~ilt rommaad. 

3.3. Debugging and the Interpreter 

llclhrc cominuing lhc discltSSim1 nf t,hc v, rious pm:kagcs thal arc used in the debugging of Mm . code. we 

"rm expand on the discussion uf ERROR, FRAME, (and so on) in Ctrnpu~r 16 of[]]. To sumrnarii.c that chapter. 

~1.-hcncvcr an AlOM is boumd or a FUNCl ION or RSUBR is MCAlled ln MllL infonmnion is added to Lhe 

c: nmul si.ac1. Thi information, normally 'im·isiblc', may be examined u ing the functions described in a 

prr\1IOUS cction (FRAME ' FR&, fRLVAl, etc.). An m OCinion or ERROR puts Mrn. into a LISHJHikc loop. 

l.2 The MDLEdiror 
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'Su ~~ss1,·c ERRORs swc. uo and Jr rrncctcd in the USTEN[NG -AT-L EVE L mt:'S.<;agc printed h ne er 

ERROR ur L S tE N lscaJ1ed. 

Irr .iddilion m hcing . amincd. the i:;.i:.ad may c mu ific as part 'Jf the de u ging proccdUP.. For 

·~ amprc, 1.hc SUBRs. SH nd LVAL wkc .i.n opuunal second argumcnl which .may oc iamung scnm:il possible 

TY P Esl a f RAHE. EVALing 

<SET i lO <FRM n>> 

NOl1ld change the LVAl of X in the 11c-arc c binding lower m I.he st ck than the FRAME n FRAMES lower than 

!J1c musl recent all cu ERROR ur Lr STEN. SI1nilarly 

<LVAL < FR 11» 
C)l.;\ffill\CS cho l VAL m a pnrm:u lar F ftAME. 

·n1c most cum mun use tlf' the I l>I imcrprctcr 1n chugging is to i nvn ' the SUOR t RREl' _ ith no 

Mgumc11~ . it dnips all the w..iy tn Lite bullmi1 or rhc sui k ;rnd then i:.1lls LI STE : h s.1 s 'I give up· (i11though 

,.;idc ffcm; arc nm undone). Mure commonly. ERRET is gi\•e11 a single argumcrit. which causes chc lasr 

in \'0Cati11n 11f ERROR or LI STE I to return that nrgumcnt. For cxn.rnpk. suprin~ a program contains • f 00 

hut FOO las 110 GVAL. \111ll would respond 

•ERROR• 
UNASSIGNED-VARIABLE 
FOO 
GVAL 
LISTENING- T-LEVEL 2 PROCESS l 

You ould give up. s.a~rng <ERRED. buL il is uft.c:n more rcilSOnabk cc say 'Oh. yes. FOO was supposed to be 

to 00 ', ond then 

<ERRfT 1000> 

Still bcuer is 

<E RRET <SETG FOO tOOO>> 

hkh wUI prcYcnt ilm1r E RRORs from the same cause. 

Fin.illy, ER RE f may be given a ,S,CCund 11 rgumcm uf ,.1 f RAME which means to r"tu rn the 1rst .irgumern as 

tlic \1aluc of the irivocauon nr that FRAME. h ll'lc previous c:\amplc, Lhc progrnmmcr mtghl look t the statk 

(with FR& or FRAME St and see 

Dcbtigging and the lnlerprorer .J 
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GVAL 
2 fVAL 
3 EVAL 
4 EVAL 
5 EVAL 
6 EVAL 
7 LISTEN 

[FOO] 
[, FOO] 
[<+ .X ,FOO>} 
[<LOSER . . B >] 
[<I GOOD-GVAL <LOSEA 
[<WINNER 1.0 2.0>] 
[] 

.B» J 

t\flcr rnnc t.1, mght he m;1y ju!'it sa1 'Wen. LOSER npparcn1I}· need. !.()nlC dcbugg·ng. hut or now J'rn 

1111c csted in WI~, NE R', in whkh case he c.m 'fake' a reason ah le return rrnm OS [ R by cyping-

< E RRf T 342.0 <FRM 4) ) 

11 likh rclurns 342. 0 c:i;.ictty ~~ though LOSER had returned iL 

Mnrc cur11plcx crmr; arc somttimcs n,urc <.Ii flkult 10 fix. rcqi1iri11g the use ,1f ED! T (at le,ast). 111 the abov 

·~;1111plc. th1.' prug .1inmcr might uccldc hi debug LOSER ancr c1II. l11er~ i1rc 1wn ways to go ::ibnut this: 1-:irst, 

11 the prnbkm i. locafocd. lhc FRAME ii.Self ma, be edited I hich is M -;;i~'. the c'tJlllr1m uJ' LhC' f RAME may be 

\'J11cJ). C ,angcs will shnw up in Ow FUNCTION fnnn which 1.hc flRAME"s c1mlcnl! were dcrh-cd. ·nw new!} 

wrrcctcd FRAME may then be R Ei RYcd. !·or example. 

<EDH J>S 
... varimis rdiliug commands 
QRS 

ccon<l. Lhc- functfon itSclf may be edited. In the procc ., ii may be Sll ch;mged Lhal LhC' FORM which 

,iuscd the ERROR no longer even c ists. Often the easiest solution is to retry lhc invoc.1lion or the EDITcd 

111·NCTION rrom scr-.uch: ht rhis case 

<RETRY <FRM >>S 

\s nlways, the m.ijor n::sukl!t1n to remember is d'lat sidc-cffcc-i:s ::ire nol undone by R'ETRY. 

3.4. loading and Dumping 

G ROUP-LOA!J and GROUP-DUMP arc used to load and dump flies of MDI. progrnil1is in such a way that I.he 

ontClll'i uf the file arc made .t\'ailablc in a Ml>L strncturc called a gruup. Man other PACKAGES in the MOL 

r,vironmem operate m or change groups: mang Lhcm arc "EDI . "GLUE "P UMP", and the MDL 

~, ,rnpiler, 

GrWUP-LOA and GROUP-DUMP arc almost a widely US!!d .1. FLOAO ti~. way uf dc,1ting with group of 

'11)1 FuncL11>ns. ConscqucnU), lhr\ arr already lt)odcd 1n most initial 1nu., as p,m of the pnc age 

"'frR LOA ' 

3,'l De ugglng nn lhC lntcrprcre. 
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GROUP-LO D liir:1m111t1·~1rmg 
~n1up-1111111e:a1om> 

'il('·llallll.':strt1, • is th~ rtlc w lot1d. 

!>ru1111· 11,1me:t1lom is 11 c name to ~1H~ th~ 5n, p. It is 11 tmn .11 1n y cfoult Ll,c ATOM ·mmcd lw PAR SE or 
t c 1im name of the fL!c to load. The gwup will be s.wre-0 J. the l /Al of gIv11p-uame; 

ROUP-OUMP l the t ppO. ILi..: of ROUP-LOAD re lJlltpuL, the gr uo from tl1i..: \1r I to l C fill! ?.i ,<:II a- Its 

·1rsl ,1 rgLimcnL Fun lion· unclrnng -incc he last GROUP- LOA□ · fiJ copied Frum he o ig in;1I rnpul file. 

l-\111 Huns. that ha\c been ·di Led tire uutpm using U1c rmum 1 Jen us th 1hi rd argrnnr1u m G riou P-DUMP. 

(GROUP-DUMP fllc--11a,1m•:stnn~ 
•r,111p-11t1me:aJom 

prml·rcmlwe 

'ill· bmtkpomu?> 

ilr-,imnr:.s1m1~ i'i the only rcqL11 rcd .1~un1c11c. rt 1s lhc file tu "'hi ·11 t11 ou tpu Lhc roup. 

•rou1•·n m1c:ill1m1 i. 11pli1111al. ,IIH.I cfoul~ as iL dt1rs for ~ROUP-LO ll. 1.H of course gin.'S an ER ROR if lhe 
~rnup dncsn'l nlrcady ~-"i 1st 

rtiH·rrm1ine 1 'uptto11al. ~u<l def.· ulLs lu , PPll I T unlcS5 h . group cont 1mctl ND IN fonn.il RSUBRs. io which 
;asc , PR INC is used. 

'·il/-br-rr,kpoi111s? is uptcunal. b~ <lcfoull 1. 1n which c,1sc GROUP-£JUMP kills · U EDIT bre,1~points and 
,non hors in ob jeers being dumped. Oh ing a fmlflh argument r ,1 FALSE 1u G flOUP - OtlM P prevent lhi~. 

n 1.hc surface. ll 11ppcars U1<1t little hnppcn in the proccs f loading a file and ma in r it rnlO group. 

r lowc,·c-r, il grc.n deal of infomm1on .-bout the group ha been stored away in ,\ssoci.11 ions fur lacer use . 

.'.lume of this informmion ls uf u to tl1c MDL prugrammer: 

I. On an a~uciaaion bet' ·ccn nmuJl·name nn the A TOM CllAN If L 1s. 5torcd il LIST giving chc ame 
if lhc ti le that w~ ROU P-LOADcd to form the grULLp. Remov ing this associaliori before 
RO UP -DUMPing has the ~ffcct uf ma kin lhc entire group be umpul from cure rather chaa 

::-11ptcd frtJm lhc origin I sou re~. 

~- On an a~ iatiun hctwccn ml4{J"m1mr and rl1r· ATOM MIIG C-RSUB R Lhc ATOM T is srnrcd if I.he 
smup rnnt..1incd any RSUBR: m JSl NBHO formaL. It ts this associalinn which is used to 
Jctcrmlnc tile default pm,1· mlinc in GROUP-DUMP. 

J. The OBU ST path i11 effect l any time during lhc luau ism ailablc. 'fl.le llrigin.:il potl1 i t.orcd on 
1n as.'iol:ic inciun hctwcc11 gr1111p--mmrr and the A TOM BLOCK. 1th in the gruup, the path diangcs aire 
ilorcd in an as."-OCi.i tion bet ween the grnu p RE ST cd to th~ pu inc. u r change and the A TOM B LOCK . 

. [f the second clcmc11t of i.1 fU NCHON dctinhiun 1s ooc an ATO . the actual FUNCTION name 

gotten b~ E'IAL of Lhot clement is stored as n ~oc1a.Lion between the orig'na clcmcnl and the 

· di ng and Dumping l 
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i~ 

ilc. 

I ic MI)}_ Pmgramming Envm.mmen 

ATOM VALUE . 

S. The koeminn of a fu nclitm wi thin lhe input file is ; torcd ~ ,'1. LI ST of the starting and cndini 
nffs~Ls (iu clrnrm:tcrs} or the Hncuon. under ;rn l ssocilltiun bCl\11 c-cn a locath·c Ln I.he GVAl ur the 
FUNCTI ON name and du: 1m.lk,uur CHINE. ' lll is assodrniuri L rcmn cd b_y EDH (a nd m:her 
editors) lo ill die, le lhal [he fUNCT I ON lms been changed. 

·mere arc ~dditiom lly several switches lhill ulfccL the opcrnllon orGROUP - LOAO: 

• 

1KEEP - F XUPS 

4i 

II tile LVAL of KE P- flXUPS is ln1c ,md GROUP-LOAIJ bind. ll that wa_ during lnading). lhe fo:.ups of 

U'.lUB 11s G R0UP - L0J\ Dcd will he kc l 

. XPFL OAO 

11 Lhc LVAL nf E l(PF LOAD is m1 FLOAO.~ will he cxp,1ndcd. "I 1;n 1~. lhc obJCCL~ in the file FL0ADcd win be 

,nlJcd lo Llt group in pliicc nr lllC FLOAD, l11C' initii1I :iC[lin. ufE X.P FL0AQ is .I f ALSE . 

• EXPS PLICE. 

H! II Ile LVAL uf EX.PS PUCE i~ true. any nbjcct rcu1mc-d wic!,in SPLICE..-; win he ln~rtcd <lirccl\y into th 

1·1111 1p ·1s dcscTihcd abo\·c. The inhi,11 scumg of EXPSPLlCE hi a FALSE. 

d 

3.5. The Om=•~step Debugge r 

Ille M rn On~stcp dcbliggcr alltl ' the user to cp througl1 Lhc cv~duariun of any MDI <'xprc:;siun on 

,1p(' r;1lion' uL a time. nctwccn slcp-s., \'arii1hlc~ may be C'Xnmincd or c:frnngcd. fm1c:lions edited, nm::I o on. 

H11s 1s possible hc-cauw 1hc debugger nins in a dirfcrcm Mm. PROCESS than he cxp•~~,;iun bc-ing stepped, 

,on.I a MDJ PROCESS ma:i tSTE P am:ithrr[J]. To ln;uJ t.he D~bnggcr <US£ ''DEBI..IGRM). 

I 1a· Mm Debugger can he in nn. or Lhrcc states. In the initial sl,Hc, 0 FF . 1 o one-sl pping occurs and the 

l 1dn1ggcr do-cs not listen ror any special i1ncrrnpl characters. The De lUgBcr ls. therefore. rntnplctdy maccive. 

U 1yping <DEBUG> lo MDI~ you ki:Jvc Lhc OFF srntce and enter the READY tat • Jn Ulc READY state no 

.. ,1l•-~tcppini occul'5. however chc Debugger docs listen fur intcrmpl cha racLcrs, By lyping the imerrupL 

11.u.~c1cr B, you emcr lhc ON Slate am.J onc-·stcpping begins. In .1dtliliorL if you were stopped at an EDI 

1 •,1Lprnm i ·hcn lh~ B w:-.s typed the brc-akp<linL will au onuilitall~ be ~~ilcd ilnd cm:1luatiun crnH1nucd in 

,~ hile in the ON state. the ))N,ug~rr will proceed lhrollgh th exc-cmi011 of am MDI. uhjcm me step at i 

In c.s.:ncc. the De u~cr sLllpS)LISt before .ind just artci ·er. c,111 h.1 VAL. , L cacli tlcp the Dehuue1 

11 111 .!lc.itc LIS current condiuon a~ ollo -~. 1f EVA L 1s rc-curSl\ cl! cmcrcd m level. t1. wilh lnpul. u~lttl trl( 

1 1,1\ IA HI e: 

3A Loadrng and Dum m 
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ii-: ) objer:t 

(wh re objr,:I is ,1mpcrsand primed). If EVAL is rcu.rming from I \'. I. n, wilh re uh, objrc:1. lhc isplay 1li be: 

'l( "' object 

here -,&Jeri is amp' · nd printed). 

'11,c Debugs r •ill stop at .ich u h step and ail for direction!. . l"hcrc arc fo1..1r imerrupl chi,rac crs Ehal 

may be t •pcd to proceed funhcr in the program: 1'N, t O. t R: and A. They Ci!Ch tnkc an oplion!il prefix 

;i.rgumi::nt Lh.1l serves a r,cpc, l cuunL 

N 

causes the I kbugger to perform t.hc nc:.:l Sl\!p uf lhc current cvahu lion. 

0 

.n1: s. U'l~ cum.:m uhjccl lo be cumple<cl ~v.ilLwt ~d without any <111 ·stcppmg amJ I.hen ~wp: with lhc rcsull 

oi 1hac ~\ahi.itiun. 0 i:. u.,;cfu I for · tcpp111 vcr COHO pn:<liC.!l · tlm ;ou now will nul succc ,d. or more· 

_encrnll ·, uninteresting parts uf.l program. 

A 

1s similar to 0. bul specific tu the c,·alu.1 ion of the argumctU list uf ii f'UNC l ON. PROG. or RE PE AT. Typin 

• duri"g uth evaluation allow the rcsl of the ilrgi.:nnrm list to he ernlua1cd without onc·su~pping and then 

stops heforc cv.1luatirig the bud of .i FUNC HON. PROG, ur Rf.PH. r or roauming of· r-e. 1t 

til 

1~ mo cfTcr th·cly t1,scd in a REPEAT or P ROG lllup. Typing · R ~use.~ c ;11 uuinn m prucc.cd unc'I comro] 

rctums tn the pninl in Lhc body nf th.c RE PEA /?ROG , t which t R Wil t pcd. It thus allow you m gu once 

around a loop. 

lr should be nociccd that,, hen sLuppcd at one of these tcp. you can examine ~md modify program 

:ariablc: do a f RAMES or FR&, El)lT FUNCTIONS ilnd set. brcakpomts.. and in gcucra.l perform ;m valid 

j I L opcraliOfl • Also. hen you ·top. the LVAL of lhc TOM L . s i-OUT wm be ct lO lhC object lhe 

l cbuggcr last typed om. ·n1is i· uscM if the performed by the Debugger did nut sho a p;m.icular detail 

(h1n ou :ire imcrc led in. 

Use c nlcrmpl charnctcr E to lea c the ON state und return m Lhc READY tacc, Use the interrupt 

har:-i LCr 1' Q to leave cillter he ON tat nr lhc READY s1 .. uc ,rnd return to the OH' . tc. Whc,1 lea ing the ON 

· rate ,1 dcscrit>cd. the cxcrutio11 currcrul hcing cmc-stcppcJ iH be finished in lhc usuat manner. 

111c function REPAIR attempts to fi~ any crrurs in lhc llcbu er lhaL yo1 l might lrnppcn lo invoke. These 

~rrors an: cas"I d isci ogui hcd slnc:e Lhcy ncvt'.!r ur in M DI ' MA IN P ROC E S S. Therefore, you will see: 

The One-seep Debugger 15 
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LISTENI ING-AT-LEVEL 111· PROCESS ri 

(where rJ ·s not l l. REPAIR turns nff ·I.he f)cbuggcr and returns you to n111ning ill lilc KA l N PROCESS (no 

longer m C·Sl<:pping).. Becall~ C REPAIR turns off tl]C Debugger., you mu ·t du < DEBUG) again if j'Oll ish LO 

try any funner onc-stcppjng. 

3 .5.1. MDL De bugger Command Summary 

<USE ''DEBUGR"> loads lhc Debugger. 

<DEBUG> makes the. Debugger ready. 

tlB begins onc-stc,pp.1ng. 

N ·pcrfonn the m•xt Sl<'P of t.hc crnn,puiation. 

tO steps crnnplclc!y a l"rlhc next computution. then siops and continues unc·slcpping. 

1 A C\'illuntes Lhc 11rgumems of d1c current nbjccl then ,;t p. and cominucs one-stepping through the hod .. 

, R crnllinucs C\•ah.1ation until you rewm to thi poin 

t E ends onc·slcpping. 

, Q quil.s o 11.e·-Slcp ping and makes I.he l)cbugg,c r unready { urned oft). 

<HE LP> prints .a command summary. 

<REPAIR> aucmpt.s to repair any Debugger crrnrs you misht invoke. 

3.5.2. MDL Debu,gger Special Features 

l11c foHnwiag flags h::i.ve s.ped:ll importance lo the Debugger: 

, I NDIE Nl - I NC 

is ithc amount b. whkh lo lndcnL for each level (b dcfau t 2 spaces). 

1 I NOE.NT - ,MOO 

The indentation-le cl ts the real lc\•CI l.:ll:.cn modulo chis 1mmbcr. · nc dcf.:11ul1 is 10. hldc1uation 'restarts 

when le d gets l1crc. tf )''OU dnn't ikc lhi Feature make the number lall,e • 

. INDEN -O H 

l-S l.h minimum .immmc of free · pace- tu rcs.c con c.ich line hat indcniation must nm ll.lllch (by dcfa 1lt 20). 

Therefore ail level L lhc i ndcn Lall.on is exactly: 

l The Ont-step lx:bugger 
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' MIN <· I lNDE T- NC < OD . L 'I DENT-MOD» 
<- <13 OUTCHAN> , OENl -OIF» 

,OUT-Fl'I.ST 

if true the ncbuggrr wiill nor scup \li·hc11 !caving a level with a rcsul !bed fault is T. 

I OUT-UN QUIE 

if hoC:h lli; , nd pre iou tlag arc true sue s ivc 'outs' of the s.;mc- hem wil! not be displayed (dcfaL1hs cu T). 

,SElf-fAST 

if Lnic lhc 1cl:mggcr will not Stt p •hen c11tcring a level iLh n nhjcc hich EVALs lO itself {e.g. ATOMs, 

FI Xe:;, S TR I NGs). The llcfnult is T. ' l11c display wm be: 

11, abjed 

, fORM-fAST 

iFcrnc the Dcbugge, will not stur> when cmcring :i tcvcl whh rn1, • f thc · ... nort' FORMS (e.g. <> • . FOO. ,BA1R, 

' r\~IY r Ill I NG). ·111c Jcf..1t1h i • T. "ll i di ·ph.1;1 will be: 

11: • FOO O Iva/ 

,\n y of these n.,gs i:.;an be S1ETGcd by )'LIU to wnor I.he Dchuggct co :mur u ri t.lstcs . 

. 6.. Ex.ecuUon Tracing 

!"he "fRACE '1 PP.ell.JG E. pm,·id.cs a facility for ob erving, the argum ms and remrucd nlucs uf s-clcctod 

FUN CT WNs and RSUB Rs. It 1:, possible U1 prim Ehc argurnentc:. lln ntry ~n '!he function . print the value 

rerumcd. and to break 011 cntr~ lO . nd c i from the function. ,•\II .-cciun ma hr performed on itionally. 

Tu load TRACE. type 

<USE "TRACE"> 

3. 6. 1 . Uslng1 TR ACE 

r RACE is. invoked by 

'TRACE whm opliou.s> 

whai i either an ATOM or a LIST uf A TOMs. llilming the lhin~s LO be uac,cd. These ma 111c1L1dc SUB Rs 

F'UNC YOtfs, and RSUB Rs: however, ilI\)'lhing wh ic bi tr.iced must EVAL LIH or i1ts • rgumcno;, opUo,u 

5pcc1 fies the bcha ior nf TRACE ith respect co the sp,ccilicd funclmn. There arc five switches. as follows: 

IN-BREAK 

me.ms rc,ik (cause~ Mm . ERROR) ~fore caning Lhc function. on ally off. 

J.5 
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IN-PRINT 

1n cans & rune ion .1rgumcntsun cnc11·. Nonnally on. 

OU' -PRINT 

means & function ,·aluc on C:(iL onnally on. 

OUT-BREAK 

hrc:ik uftcr executing the function call. Non::nally off. 

VIE.RBOS'E 

iucans & Lhc argumen ts w the: function one per line. Thi~ is u crui if 1hc: arguments .ire: luma. mm.illy ofT. 

To cause a gircn up;tinn w be unrnndiliom1lly on. include its n.n,e fan ATOM) in the r~JUions TUPLE. To 

t·;1L1 c an option 111 he 1111eondidurn1lly otT, include a lWl>-C'lcmcm L 1 ST, t:ump11,scd uf the option n,mic and a 

f ALSE. If the s~mltl clc mm of lhc UST i ncilhcr F /ILSE. 11ur ;1n A TOM, it will be EVA Led each time 

TRACE c-x.11ninc · lhc sc:uinp. ,r the- given up{inn for the function. ·11,is ·1lh•ws Clindilinrn1I bf'.1 points. for 

c:xamp1c • 

• lllUS: 

<TRACE f0O (OUI-PRIN1 <>)> 
will cause F0O's ;1rgumcnts w be printed on cmry, but the ,·:iluc v.ill nn t be printed. 

<TRACE 00 (OUT-PRINT '<G? <TI ME > 4.0>)> 

will cause printing of Lhc v;1luc after four sccund of cpu tin,c ha"c been use , Prin1i11g of 1hc .irgumc11ts will 

L ·cu each (imc FOO is called. 

UN RAC turn · ofhracing of Lhc ·pccilicd runctitms: 

<UN TR ACE wht.u: a10m•,or-Us1> 

What default~ lo a LI ST f ;111 functlons which have been traced. 

3.6.2 Understanding TRACE 

TRACE work by OITYPEing the specified function ln 11cw !yp . which have an APPL TYP associated 

11,•i h them. ' l1is mean thill unc can nm trace cnUs lo R SUD R · or RSUBn- ENTRYs whkh arc nlrc.-id. Unked. 

In addition. iL means lhal UNTRACE mu l be oscd 110 gel the old \·.11lrn: bac . To dctcm1inc- lhc st:Hus of a 

hmctl1 n with respect u, tracing, :say 

< G fl app/u:able RIIC E , 

llu. return: FALSE if npplirablc is not. tmccd: otherwise. 11 rcmrns an 1ibjccl which de ribcs chc cuing of 

1hc v:irious oplio11~ . 'he ohjocc has a P l NTTY f'E which .i~oc1,11c· U'\C' nami:- of c.ich opliull ,,.,,i[h ns scn.i □! 

3. faccuuon Tracmg 



<GE , FOO TRA.CE>S, 

FOO 
N-BREAK: f lSE () 

IN-PR INT: T 
OUT-PRINT: {G? <TIMO : • 0> 
OUT-BREAK: FALSE() 
VERBOSE: #FALSE () 

Ille 11>1. Pmgr;11nmmg 1-:n ironmcilt 

Individual settings for a p,micular unci:io1t may be changed b. PUffing in to this tructure: 

( PUT <GET ,F OO TRACE> ,IN-B R[ KT> 

aus.cs a break whcnc\'Cr FOO is caUcd 

3. 7. Monitors 

cc mmon prnhlcm ·n dchuggi11g is 1hc m~•stcritH1~ ·c1ohbering· or some ,aluc or ' lcnw·nl ur a clnta 

;miciturc. MDI has imbcddcu in it .1 mechanism fo r triggcnng intcrmpLc; on rcfcri?nccs. either fnr reading or 

ming, ui values of an,,l,lcs :mJ clcmcms nfstruc ures. 

The "MON llOR" PACKAGE i. d sigiied ln be a readily ncc:cssible U5er inlcrf.cc to Lhc c ' READ'' and 

"WR TE" intcrruplS in lhc Mm. interpreter. 

Tl obtain "MONI OR", 

<USE HMONITOR" > 

There arc lhrec basic imis of "things' hich can be 1nonnorcd: values of A TOMs. clements of 

SfRUCTURED · (the TYPE of th clement 1 nul importantl. m.l ASSOCIATIONs... 

For ATOM . . 1hc LVAL or tlic GVAL may be monnorcd. If the lVAL is lO be munitorcd. lnc ATOM must be 

ASS rm ED?. 1:or th GVAl .. the ATOM must be BOUND?. If thcs<' condittuns canuot be met. a monitor 

annot be generated. 

For SI RUC TUR E Ds, 1hc monitor is on the nth clement.. here II i ~pccificd whcti lhc monitor is created. 

Remember. he munitor is Ol'I a sh [ of the STRUCTURED, ruH on thccorttenrs oflhat 1ot! 

For ASSOC IATIONs. l.hc mi.mitor is on the association icself. 

3. 7 .. 1 . Monitor I nte rnal ,s 

Thi section cx:pands on the discu ion of moniwrs in L11c M Dl. ucumcnt itself[)}, 

MDI d fines two types of monitors: Read and Wri c. lltcsc arc implemented in the lan~uagc by two 

f):.ccu tioo Tracing .6 
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intcrnipLS, READ! - I NHRRUPTS and WR 1 E ! - l N TEA RUPTS. respective! . I , ddition, the "MONITOR" 

PACKAGE can allow rcad·writc monitors. The "MONITOR" PACKAGE is at b.i iC a scr of functions to create 

and handle these intcm1p1S. A monitor is Lriggcrod in the foHowjng case : 

Rc.:id monitor: 
For LVALs •• ia LV.AL 
Foli GVALs •• via GVAL 
For ST RUC U!RE D •• via NJH 
Fn, ASSOClATlONs·· ia GET and GETPROP 

Write monitor: 
For LVAls -- via SE 1 or '' Al!JX ~ b"ndings 
Fnr GVA s •• via SE TG 
For STRUCTUREOs -- vi.1 PUT, SUBSTRUC 
For ASSOCIATION. •• vi,1 PUT and PUT PROP 

otc ll:rnt PUT REST. of t J ST which ma. allc tllc nc.h clement or a LI ST. do mn :icrcss the o!d 11th 

clcmcm of the LI ST and therefore do not cause a write monitor to trigger. 

l:mcrnaHy. Mn1. perform · monitorit1g on LOCAT1VL tu STRUCTURED . In focl. LVAl and GVAL are 

rcully pointers to an imcrn;:il struccure. ·n1is ncc-d not concern tho user cx«-pl in the case or VA Ls uf A IOM:s. 

In Lhis ,cJsc. Y,,, DI. will monicor a LOCATIVE to that tcxactly lh:n unique hi11d1ng of the AlOH. Whc11 tha 

binding becomes invalid. or more precisely, 

<NO <LEGA ? locative>> 

a funcLi.011 in d1c ;;MONITOR'' PACKAGE win make lhc monitor :rnish. Illegal rnoniwrs prim as 

I/MON TO'R ILLE GAL J (if yuu cvrr get a pointer lo une). Remember that if yl)ll want t monitor the VAL 

of an A TOM bound in a FUN CT I ON or P ROG, Cle.), • ou mlisl create a new monitor (':arh time. as a ne 

binding is created each time. One wa tu du 1.his i LO <:diL 1mo Uflc UtlC T ION a call Lo M0N1 J TOR f sc-c below) 

after the ATOM become· ASSIGNED?. romrnatcly. EDrT ( cc section 3.2.2.9} has commnnds m do exactly 

thaL 

3 .. 7 .2. Crear ng MONITORS 

Creation or.t11 inol'lilnrs i dune lhniugh a call w MONITOR ( hich r,clurn an object of TYPE MONITOR), 

as follow: : 

Monitors 



here: 

<MON1I OR n•ne:sfring 
ukifil 
whe!J 
predieaJe 
loda:luple· > 

IJ'pe is one of" READ". "WR.HP. or RW". 

r1bjeHis either an A TOM or a SfRUC'iURED, or an ASSOC IA TIO item. 

l he M ll. Progrmnm111 En 1ronmcnt 

whcrr is either LVA ' nr GVAL (if objev.·t i~ ;.rn ATOM') or a FIX. (if vbjert is · S RUCfUREO, or an 
ASSOC 1A IO INDICATOR. 

t•redimrr i~ ;Lnrn.:Ehin° ,. hich i EVAlcd U1 ctcrminc •hclhcr lhc monltor is 10 he uiggcrc : tl1i d fouhs m 
L llH: ''MONITOR" PACKI\Gf Llcli11 s lhrcc ,arinb!c· v.hkl11:··111 be referenced in the test 

OLDVAL is the ol "Jlt1c of the obji:-cl lllOi1ilOrcd. 

NEllVAl is the new ~·aluc ufthc ohjcc{ monilorcd. 

MON OBJ i: the ohjcct muniturcd (ATOM ur Sl RUCTURED). 

' krc w1luc means LVAL, GVAL, ur lcmcnt Ob iousl • E VAL is nuL Cl fur "RE:AD" moniters.. 

todo is an nmnbcruf things to be EVA led and Pn INTc when the moniLOr i,s. tri.ggercd. 

ulc thnt prcdfrate, nd ludo arc identical to the anatog,m1s arguments o the ED IT 81( command. 

3. 7 .3. Monitor Even s 

When a monitor 1s triggered. lhc folio ing is printed (remember rhc predicate is cvatu.ucd before 'this), 

nd then LIS iEN iscallcd. To continue, <ERRET >. 

Read: 

· rite: 

• "'READ of when of object.,.. 
Va 't.ie : oldval 
IOcJ(J,/ = reSJJII I 
wdo2 - res11ll2 

onilors 17 
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uwRITE of' where of object• 
01 d va ue: ,oldvaf 
New va 'ue : ~lewval 
lodol = result I 
tiJdo2 - result2 

/\ slightly diffcrcot first line fonnat is used for associations. 

3 .. 7 .. 4. Killing Monitors 

or 

Kilti 1g a MONITOR is ac,compli hcd b:, cal ing KI LL-MO.NI TOR .IS follows: 

<KI LL-MON i TOR. 1mmi1qr) 

<KI Ll -MON TOR filU.: ohjccl wllere> 

I 11 !.he l::mcr c. s.c, IJ'P"· ubj«t. and wherr-- arc .is given i11 the origimll ,call tu MONITOR. 

T-11 kill ;,111 MON I l OR:s, use 
<Kilt-ALL -MONITORS). 

3. 7. 5 Othe ,r Monitor Routines 

<M0NOBJ numitof> 

rctum the obj~cl monitored. 

(MONSPEC monito.r> 

returns Ole whe,cofthc MON OR. 

<CLE AN-HON I TORS> 

49 

f1ushcs invalid MON ITO Rs fmm the MON HOR I ST. This 1s done internally arid need not be colted 

routine1y. 

,MONITORS 

is a LIST ofaH curre11t MONITORS. 

3. 7 .6. What You Can t Do with Moni1tor 

You can't monitor me LVAL of omcthing BOUND? bul not ASSIGNED?. f..g., 

J. Momlol'!i 
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CDEflNE ROG (~ UX" BAR) 
<MONITOR READ" BAR LVAL> 
.. & .• > 

'uu an't cxpc..:t cnmpilcd code lu cause mon'wrs to be triggerc. , arnrully, you can' place mon1rnrs 11'1 

ompilcd code: lliJ ever, a compiled reference w a monitored ATOM will nm usmilly :ms.c the monitor to 

trigger either. 

3.8. FINDATO,M 

The "FI N'DATOM ~ PACKAGE i. intcn cd w r~ducc the prnbfoins caused by muhlph:: OB LIS Ts nn 

lcnglhy A TOM names h, Mm .. ll alh v.is tine tu find all A OMs whll\C PNI\MEs match ~omc sp ificatiu11, which 

need no[ be xr1<:t: in addition. unc may plate onstrnims on lhc \'.tlu . of ll,~ ATOMs found.. 

F :i: NOA TOH i. in okcd as: 

< ,F £NOA TOM sprrslCJt.r(i1i 
sro,,:lilist 
ccmslraiJUs 
ourobNts1> 

spccslr ls a STRUm dcscrihing tltc PN1A.MEs of 1hc UOMs unc wishes lo find. ·111 cc special characlcrs aN 
rccngm1.cd in lhis S rn I. NG: 

,. · 1trntd1es ;rnylhi g. induding an cm ty string 

matches any single cha.mc,ter 

Q: quotes the following cba racter 

carch strings may be an arbitrary conc.ilcnation of nonnal and spcchd churactcrs. For ex.ample: 

~ • SDM• ": matches any ATOM co tai11i11g "'SOM" t1nywl1crc in hs P NA E. 

•-= SO • ~: matches an~· A- OM conwini1ng "SDM ~ in its PNAME, ro idcd that at lcrui one charnctcr 
recedes Lht "SlllM". 

" Q* ': ma chcsany ATOM with P JUt4E "• 11 

~ • ": matches any ATOM. 

l1 f Q is lhc only spcdal char;1ctcr 111 the tring, il need 1ml be qurncd: "'T' Q!I searches rm ATOMs wilh 
PN/\ME ,Q~'. 

seor(h!i!il p«i 1cs l.he OBLI Sl s to search. Possib1e values are: 

II · ALSE (): srarch U OB LIS Ts in . OBL ST 
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#FALSIE ( ob.lists-ur-fimns}: search all bul lhc OBL IS s specific 

ob/ist: ~arch only this OBt 1ST. 

fis.t·ufoblisls: search only lhc OBLIST hi tlilis list. 

else; search all O Bt IS Ts. This is the default 

co11slmi111:s is a TUPLE describing lhc alue of cad, ATOM found. It may consist or .my number ofvalid TYPE 
names. along wi.th ;irbitrnry strumir~ am] th{' fnllow11 g special objects: 

T: if pre c Lu crridcs :my t1thcr cunmainLS~ if no other constr.iims arc s~ificd, this is assumed. An}' 

Ai OM match~ ng spec.w- will b c aoccp lC 

ANY : O\'Crridc~ any conslrnim n1hcr Lhan 1. Any A TOM matching JiJJPf!iU' which has a ,•aluc (ciLhcr GVAL 
or L VAL) iH be accepted. 

0: an} ATOM hich ha-s no v,1.luc 1,1,ilJ be ncccptcd. Note thill gh•ing bulh ANY a d. <> is cquh•a ent to 
gi ing . 

UNK: .any U 1 K will be accepted. 

If I ithc· com,I ra i rus a r-c prov idcd. lh c y wo r as foUuws: a U ·,di d T Y ,PE. nu mes g i\•c n ( :mes for whom 
VAL ID - n PE ? rc1u ms T) arc sturcd in ,a sl'ruc turc-: w lcn a \·a luc is cncoun tcred. its T V Pf is M f HQ cd 
on thi su:ucturc. f lhc ATOM docs nol succeed here it is nr t checked agaw111st. the ·arbitral") 
slrnccures..' 

A11y hing in cou.s1rai111s which i'S nchhcr 011 c of the aho e • pecial objects' nor a valid t}pc is treated as a 
DEC L spccificac.ion. Al such objects are put in a FORM st ·11,ting with OR. hi h has the cffocc of 
gencr.iting a single DECL . pedflc.i un. When a value- i found. Of.CL? i. c.iUcd w·t:11 the value as its 
first .irgum nl :md the gcncr.itcd FORM as: it.s second. If o:ECl? return T. rncanin th.it I.he fORM i 
valid ns a DECL for cite VALUE, the ATOM is aoocJ1tcd. 

lr:Xamples: 

ATOM fALSE '<LIST [REST FIX]> 

spcci fies that. an A TOM at"ct'ptcd must have dchcr a G VA or an L V.A l which is of type AT OM o 
FALSE. or which isa LIST of FUcs. 

'<OR ATOM FALSl> 1 <LlST (REST OBL!ST]> 

pcctl'ic!l that .1ny ATOM acccplcd ITIU- l match I.he D'EC 

<OR <OR ATOM FAlS£) <LIST [REST OB ISI]>> 

vuwbl. ir prcscnL 1s a I T of OB LIS . w ic:h 1s the LVAl of OBLJ T when FrnDAlOM prinLc; things. Thus 
one ma} rom:i aU ATOM. w he priinc "ith fl1II Lrailc-rs hy pro\'iding ;m cmply LIST here. The last 
u lImen1 1vcn m FINIJATOM, prcn'illcd IL Is ~• LIST. L as .. mm cd to be outob!. 

F INDA TOM prints the n,1mc of each A TOM n accepts, iollowcd b} U1i: ST R' ING "Gass i g ne d" and th 

lypc of GV/1.l i he AT OM ha one· I.hi. will ' c followed by lhc STR 1 G "Ass 1 g ned '" and lhe typ of lhtt 

3.8 rlNDl,TOM 
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UJAL if the ATOM has one. t prints the number 01 A TOMs foun when it tinishcs. 

3.9. 11 PINFO" 

"P F0 11 is .m informational PACKAGE. ]t is used to cl;aminc the OBLlSfs uf tllc PACKAGES loaded into 

an Mo1 . There are cwo major entries in Pi NFO. 

<PC K - INFO padwge: siring 
imemal?: boolean> 

nuth argumcnr.s o PCK- INFO arc opcional. f neither argument is giv-en. the n,uncs of lhe PACKAGE loaded 

into the 1m. arc Ii.sled. 1:r pack.aget given, the contents uf I.he pild:asc·s ENTRY Of:l LI sr arc listed, as wen 
.is ~nfum1atiun buut lhc VALUE of cac:h EN RY. If in,emal? is prn\' dcd imd non·f ALSE U1c c:ontcn[s of 1lhc 

in I •mal OB L J ST ;1 re · 1 l~o I istcd. PC K - I N F O p ri n IS an error mc~gc • f p.1ckngc i · l'lUl loaded. 

< PC K -USES padrnge:slring> 

lisl:S t.hc na1msof PACKAGEs USEd h package or rcLUrns a ,FALSE irpackagc is not loaded. 

3.10. Debugging in a Run .. ume Environment 

i\ fairly ,cummon occurrence whe:n running "dc'!rnggcd· code is lo find that if was not after all completely 

deb 1ggcd. r[ is useful m be able cu load inlcrprcn:d re .. ions of some FUNCTI0Nii in ii PACKAGE into (he 

rnnpilcd Cn\'iironmcnt. for debugging. "Ofl ". ~ ROFL , and .. UHL l NI<'' arc PACK AG Es. wrim:·n to siinp]ify 

this. procedure. 

3. 10 .. 1.. DFL 

The ~ D fl~ ('Debugging Ffoad') f'IAC KAG E · a st't of .routines for loading ,md dumping of sma11 numbers 

uf fUNCT ION:s. from a larger file. ,fl i useful in debugging already running system. or ones which have not 

bcc-n GR0UP-L0A0cd. To get "DF L" 

<USE DH·> 

'rlie ma.ill, ,entry of the ,. DFL" PACKAGE is Dfl: 

<Dfl fum: .. nnmes file--name:striug unlink?:boolean> 

hcr-e all arguments are optional and 

four-uames is the namc(s of t.llc DEF INEd FUNCl IO (s) m be obtained from th.is lilc. It may bean ATOM. a: 
ST R ING. or a Lructu re uf I\ TOrt-i or ST R ING s: if AT OMs arc gi vcn, lhc:ir SP NAM Es re used. ·n,.c dcfaull ;is 
the argumcn't. last gi en lo DfL or RDFL 

file-name is lhc file w obwin tile f UNCT ION(s) from. The dcfaull is the last file Df L,cd or RDf Led. An ATOM 
may be gh,en. i111 wh'ch case iLS SP NAME is used for lhc first file Jlaffle. 

u11/ink? ff this is true. and if one or m.orc o the alues replaced by the Df Lod f UNCTIONS, wen: RSUB-Rs r 

Fr DATOM J.8 
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RSUBR-E.NTRY , the reference VEC1 ORs of all RSUB:Rs, including pure ones. wiU be searched for 
occurrences or the old value: such occmrcnccs ill be rcpl.k:cd by the A TOM. ·n1.is is the inverse of 
RSUBR-LINKing. Ptuc structures win be tmpuriflcd: this docs not change their address in core .. but 
simply m kcs the page tl1cy live in read/writ • 

[n the norma.1 case, ifan RSUBR or RSUBR-ENJIRY is being rcplarod. l.:ln!inking will occur amom,. ticailly in 

arbagc·coUcctor space only if RSUiBR-LI NK is T. A]so remember I.hat unlin)1ng i not the same as 

su~sliluting: onl)' RSUBRs stored al u:ip le ·cl in rc-fcrei:icc VEC OHs :ire rumnd: if !he old\ ;1li 1c it.sclf was in a 

, cructurc (such a a dispatch t11blc) it will not be replaced. 

3.10.2. RDFL 

RDF L i~ simil.ir to IDfL bt t i for re-Im ding RSUB Rs rnthcr Limn UNC . Imt. RDF L i con1taincd in the 

PACKA1Gf RDF L ". 

<RDF L J1mc-,mrnl's J}lr-11ame u11/iuk? glue?> 

·me flm thrC'c argumcl'lls arc a. for DFL. The only tliffcrcn c I ctwccn RDFL nnd DF (barring the cffccc of 

tl1C:" ruunh agum,cl'lt) is tha ROH scan:hc in Lile tile fur '<SETG · ral 1cr 1.ha1t "< DEfl NE •. 

glue? rf iu n·FALSE, RDF L wm RE AD ;md VAL the 11cXL ohjiccl ·n the file following each RSUBR rc.td. This 
will in 1hc nonnal case obtain th~ ·glue hit~· for the RSUBR (sec section 6.1 ). ·111~ dcfaul,t for glue? is 

<AND <ASSIG NED? GLUE!- > .GLUE!- > 
Th is is lhc FORM u sc<l in Nil I N fiJcs to dctcnn inc whCLhcr gl UC bits shou Id be l:Cp[, 

olc llwt RDfL will work lo reload any SHGcd object, otjust. RSUBRs. 

RDFLing .in RSUBR-ENTIRY d!ocs nol work and may wdl be fatal: you must ROFL the RSUBR in which 

th.c ,RSUBR -ENTR is an entry, as welt 

UN-DF l is for Wliil"ng out Of Led FUNC T IOHs after EDITing. 

<UN-IDFL au:mrs /ilJUun force?> 

moms is an ATOM or , U t of ATOM • whic · will be l:JN-0 F Led. The FUNC T IONs dcli1acd must .ii be from the 
541mc Hk. or UN-Df L will noc work. UN-DF L Cdn o ly UN-Df l things w 1kh were prc\•kmsly loaded b 
ll)f L 

filnnm The dcfoult is the me Lhc A OM. uriginany came from. 

jiJrc,e? ormatly. UN-DH wil1I nb1ccl if 1herc is a crsitm between lf c file l 1e UNCTION~ c:unc fr-om and th 
file whid UN-O L wi!'i create; it thinks il ill "kcly dcstmy useful informatron. Prm-iding mi A TOM here 
Cc1uscs this scrupl.c o be ·gnorcd. ll is almost a~ways unwiS<: to do so. For 11.amp·le: 

llO Jlcbugging in a Run-Lime En ironment 



l'h<: DI . Prugramming Enwomnen 

<DFL ( FOO BAR)> <UN-DFL 00> <U ,-DFL BA > 
ill. cause· UN-DF L LO fait Moral: Dfl and UN-Of L your fUNC T IONS together. 

3 10.4. UNLIN,K 

The "UNLINK" PACKAGE cuntain· three entries: UNLINK. PURE?, and UNPUR!FY. HUNK is 

;;ometimcs called b DFL; PURE ,md UNPORHY arc good ways to h"'11rati cly defeat the sufccy "int rlock· of 

MO[ 

UNLINK is used to tmlin RSUBR after they ha'l't been tin ed. (Sec lhc discu, ion uf RSUBR-LINK in 

[Jl). 

CUNUNK 0/rJIWi pure?> 

atoms i: ,1 list or tic ATOM. lube unlin ed. nr ;1 FALSE, meaning inlink \'Cl"}' RSUBR in t:hc DI, or a 

g,ruup·n me. meaning unlink c· lls w all F UNC T ONs ,md RSUB,R rn the group. 

prm•.~ is lpli nnal an<l de f.iu[t tu F J\ LS E. but ff 'tme, c,• c n p me R SUB, Rs w m be scare hc<I. UN LI Nk 

:(amines 11II tile OBL lSTs in lhc Mm .. looking for RSUBR ·: if an RSUBR xisLS only in a strncture, a11.d not at 

top lc\'d in ,rny RSUBR's rcfcrcnc~ VECTOR. it ill not be found. 

( UNPUR If y pure-o~t:n1,w> 

URE? takes alil object and d~t rmililCS if chc right alf uf the value word 1-s greater than the: number 

concal11cd 1, the DL locmion l"UR'BOl. whi his [he lowest pure location in Mat. Ergo. 'Is the object J gave 

you pure?' It· only meaningful for tmctures. 

<UNPURI fY pure-obiec__c;a,1v> 

UNPUR I Y takes a si,nglc urgumcnt which tnust be of PR CMTYP E VECTOR or UVECTOR (i.e .. it must have 

n AOBJN pointer for il5 value ·ord). h causes the p.igcs in which hat objccl Hvcs I.O become impure. and 

returns r. 

Because there is no way on JTS Eu nmkc .:ire.id-only page an impur page dircccly, the lbllu ing algoritl'lm 

used by UNPURifY: 

L 1ls lhc uhjec:t pure. cording to PURE? 'If n l. ~a:ve. 

-· Is UNPURIFY-PAGE 1-IUN INK GASSIGNED? [fnot. cl a page fmm 1hc interpreter. and SETG 
the aforcmcn 1tioncd ATOM to its m1mlx:r. Le., the page ·s mor<:: or less pcnnancndy taken for use 
ofUN URIFY. 

J, Fur each pa . o upic<l by tl1c obje4;t· ) 1 1thc page is illrcady impure, do nothing: -) um rwise, 

lcbug.ging in a Ru Iii-time F.nvir-onmenl 
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m~1p the- p~c on Lop uf UNPUR l n- PAGE: c create a new, impure page · here the old page was. 
d) copy the comcnis of UN PURI FY~ PAGE baci: to Lhc old. now trnpure page. 

5 

'llm . no pnimcrs arc changed: as far as Mrn is cnnccmcd, in faCl, nothing has changed. The mipuritie:<l 

p.:igc. arc still pure. according to iis page map. However. you ma freely change lhc unpuiriticd objccL 

If your change to the newly nnp1.nificd object consists of PU Ting a pnitncr into garbagc-coUcclcd spare 

inlo the object. you may I JSC compklcl unless chc pointer poims to a frozen object 'lnc Mm_ garbag~ 

co11octor docs 1M cx;imiliQC llllJmrificd objocl'i. UNLINK can unl} use UNPURIFY because all ATOMS 

referenced by pure R_SUBRs .,re indeed fro1..cF1 . 

For lhc ;1b vc reason. us of UNPUR 1 FY is nm recommended for the genera] user. 

3.11. CRIT.iC 

''CRH IC" is a PACKAGE designed l laid lhc user in debugging (and perhaps incrc~ising the clTicicnq, ~ t) 

his pmgr~nns.. It accum tll a tcs t nd prims in a readable fonn at tn fnrma( inn alrnut the imcracti ons. of l he various 

FUNCTION: (and LVAls und GVAL ) in a group. il also w.1rns the user abom 'llarinlLS condiliuns it considerf 

lO be- either 11an-uptimal or crroncmts.. sud1 as incorrect use of SP C IAL. forgctti g tu QUOTE some structure. 

and o 011. Like mosl. cr1tks., h i:s somclimcs wrong, but h tries to pcrrorm a useful service. T,,i lo.-id 

"CR I 'f l.c"' say 

<USE "CRITIC ~> 

ll1crc are 1wo major entries, nne of which prints more infonnatim1 Lhan the other. 

<CRITIC WW?::Mme 
uu tprd'"file> 

where group-name is Lhc A TOM rct1Jmcd by a GROUP- LOAD and the optional oWpUl·file is a STRING gi log 

lhc narn e uf lhc tile w tm lplH to (b} dcfau lt ,.i,,ri Lh second me mune ~ c R I n c " ). This can alst be a CH ANNE l 

if you arc planning lo do sc"1cml CR HI Cs buo on~ me. CR ITH prints information about i,mcracltons 

among the f UNCT IONs in a group (as described bctow). 

<CRI T rc- ,N01 ES gr<mtJ-name 
outpur-JUe> 

is simi a but oniy prints 'errors• and 'wamin~. · ~- (hi,ngs lll,n mighl be problems wllh the FUNCT10Ns in !he 

group. 

'l11e OUlJlUt fomrnt (for each F UN'CT IO nnd for the group .:is a whole) is as follows: 

fmrtlion ( objer t ,mmber of fwu:J irm in group) 

Ca11 ed-by: a list of aH the functions v.hich call,Junctioo 

.uo Deb 1gging in a Rmi-Lime Envjronment 
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Ca 1 s: u list of~.d he functions caned by fzmction 
SETG: ~ucrn,11 globals SETGcd by f1mclio11 
GVAL: external g,lohat:.; referenced by fimction 
SET: c:ucrnal \'ariabT SET by f1mclion 
l VAL : :nc mal v a.riablcs ref crcnccd by fanclion 
SP f C I AL: ,·ariabks. dcc:la.rcd· SPEC IA l by funclion 
USE. - DATUM: DA UMs used b~• ftmction 

l nc M IJI . Programming Environment 

' rllc a ovc ~bk i , printed by CRITIC bul nm by CRITIC-NOTES. ·i:-:xtcma' as u d above means 

·F. tcrmd lo fimelio11'. 

CR n IC-NOTE 5 and CIR IT IC both print infonnation abuut possi Ir r.lefoc!S ur ci:mrs in each F NC ION. 

·mcs.c can be any or an oHhc fhlluwing (t:(ptnnatiuns folto where needed). 

3.11.1. Global problems with the Group, 

fLOAD in rile. 

'Ellis is pretty mi,mr: FLOA0s m top lc"'cl arc discouraged if you c,1111 a oid them. 

BLOCK or ENDBLOCK at top level in PACKAGE. 

PACRA!GEs should not have o resnrl to this. 

n1om·rwmt: MAN l FEST ed s true tu re . 

The ATOM given is a struct re but was. MANI FESTcd. s·11cc a MANIFEST is copied within the reference 

VECTOR uf n,· RSUB R ~ at u~ il, it l~ usually nm a good idea .. 

E TRYs not bound assumed loca 1 s :. arom·lisl 

ll c ATOMs given were made ENTRYs in the PACKAGE. but were: not bound, so CRITIC has assumed the 

are locats, for lack of so mcdl° ng b ett¢r ro do. 

Packages SE d, but . ever re er . need: padage,-,rames 

These PA.CKAGEs were in US£ srnrtcm nt.s bm no A. OM was ever found which fc l on their OB LI STs. 

' lllcrc •ill sometimes be incom~cr cmrics m this Ust if you USE , PACKAGE which sets up a funny ENTRY 

OOLIST (RPACKAGEs iinch1dcdlor no'0Bl 1STsata t 

Inte rna 1 unct · ons unused: tom-list 

·tncs.c ma FUNCT IONs OE f IN Ed bm apparently never re ere need and not ,cnLrics. There wil somcEirnes 

c incorrccE cmrics in this ·st ·r you ha c FUNCTIONS invoked only by funny dispatching methods, such as 

CRITIC 1.11 
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APP LY ing ur EV A Ung an dcn1cnt or a structure. 

Internal globals unus.,ed: atam-Jis1 . 

A TOMs SET Gcd at top tevcl but never r,cfcre need. 

ln te r na 1 man if es ts uriu sed: ,010m-lis-1 

ATOMs SETGcd and iMANifESlcd at. lop level btn never referenced .. 

3. 11 . 2. P'a ramet:e r list problem 

II.TOM mom-;wme used tw · ce ·n parameter l ht. 

s 

The A OM named ·15 brnmd lw·cc in the sam pnrnmctcr USl within 01c FUNCTION. Mrn dflcs11'L 

worr about (hi,. but ym m ighL 

U"'tastehl r,e- use of ATOM awm-naml' in ROO 

An ATOM was bound hid happcflcd 10 be in I.he ROOT OB LIST mid happened ui ha,:c n G,VAL that is a 

SU!BR or F SU8R ·1nis ls r<:portcd because I.he A TOM will hal'e w br unpurifl d, which is. expensive. 

~B,IHD" i 1 egal ly . ocatedl. 

A " 'BIND" wa.-. found ol'.hcr than at t:Jhc beginning of a p.iiameu::r l I S1. 

~cALLh/~ARGS" illegally locate~ . 

A "CALL " or "ARGS" was OLllld afitcr lhe "AUX in a paramccer LIST, 

qOPTIONAL~ tllegal ly located. 

11 OPT ION AL was found .iR:er "AUX" in a parameter LIS l. 

"TUPLE" illega ly located. 

"lUPIL E was found after" AUX " in a parameter LI ST. 

at!Jm 'AUX" i leg a lY QUOTEd. 

111c ATOM riamcd was g,ivcn as.a quoted argument in the " AUX M p:ntof thc parameter UST. 

External ·. o cal s set but unbound and unDH e d: otom·flsl 

fx tern a 1 1 oca s set but unbound : atom•lisJ 

Two different classes of hacking an external local. ln both cases, it means thal the ATOMS did not appear~ 

J.U CRJTIC 
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c impropcd SPEC ~ Aled, since no one bouud them higher in lhc call tree {or at top lcv a. These are mosl 

uficn indications of rnisspcHing or forgct~ng to put a ccmporary tn he parameter UST. 

E.x te rna l 1 oca.15 used but unbou 1u11 and unDECle d: atom·tisl 

Ex.terna loca ls used but unbound: to,n-list 

reference to ati cxtcmal local which was noc bound any 1cre is probahly ri mi spelling of a SPECIAL 

bound elsewhere or the r,csult offorgcning top t the ATOMs in Lhc FUNU IOrfs pa.r.imctcr ISI. 

Exte,rnal local s set bu.t unOECLe,d: atom-list 

External loica s used but. unD[C ed: at0111"'1ist 

An cncmnl u cd but nol OEClcd usu,tlly means ith.n lhc ,cumpikr ill produce puorcr code. 

3.11.3.. Unused ATOM.s 

· rgum~mt. unused: mom-li!i 

nc arguments li tcd were never referenced. 

Unus,ed: oJOm ... Jist 

The ATOMS listed were bound at top cvcl of ,thc FUNCT !ON and never referenced. 

Unused i n P ROG,: a1om-lis1 

Sjmilar tp, !Ilic buvc, b1.1t the Al0Ms w-<:re bound withio ai PROG. 

Unused in REPEAT: 01om-lis1 

Shni ar to lhc abo c, but the ATOMs were bound within a RE PEAT. 

Unused ·n FUNCTION; atm~litl 

Similar to the abm•c. but chc ATOMs were bound wilhin a n- mdcss FUNCTION, SL ch as lhc SOCoiil.d 

argumc.nl ru a MAPF /MAPR, 

U111us e d SPEC lAls : alom-list 

·tne sime, as above (including '' ·in FUNC J ON • ctc.J,, c~ccpt that the A. TOM WM SPECIAL 'Olis 

m.cssagc results from really rooking down die call tree. so it is mor,c accurate aboul this problem than the 

>mpilcr which onty .looks at the FUNCTION in which lhc AJOM is bound 

CRrnc J.H 
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3.11.4. Function caHi.ng errors 

Ca 1 s uo def i ne,d fun c tion atom. 

The FUNCTION c.aJls an 1.nndcfincd FUNCT JON (undefined al lhc lime CRH IC ran). 

Ca 1:1 s fimt1io11 with too f.ew argume.n ts .. 

·Calls/untlionwith too many arguments . 

E~ tern a 1 ,FUNCJ IO funcaon 
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"Ille- FUHCT ION named isc.;:1Ucd bul docsn·t seem o fol] un an uf l.hc OBUST assoc·m·d ilh Lhc group. 

3.11 .5. SP.ECIAL/UNSIPECIAL problems 

SPEC AL s never used as SPEC I Als : 11tom-lis1 

The Al OM were made SPEC I Al buL nc er used outside lhc fUNCHON in which Lhc were bound. 

mom-,,ame is unused or should be SPEC IA . 

A very ~pccifk err-or which means tlila( the ATOM given lalway one of INC AN. OUTCHAN. or OB LIST)• 

Willi bound bi. t <"'iC:r rercrenccd ilhin lhe FUNC I ON, and was not SPEC I Al: :.i1hcr you bound il fo 

c llcct and furgoc to SPEC IA i l. or ;iuu d it! n · t need lO bind it 

mum unbound '" n paths: p1.11h-lisl 

Uthe fUtKTION is called b. one ofd1c path given. the mum will be unbound. A path is jusl a list ofc:alts 

CRITIC has found arc po sibl,c. such a ( fOO BAR BL Et ). me.ming FOO is called by BAR which i called 

by BUCH'. 

Tll,e AIOM atom used in Jc,rJ shout d be spec al in fen . 

This nme wi1 appear with both FUN CT IO N's mentioned. ll mc-aas th.al awm is referenced in /cul and lhc 

11caresc fUNCT fON thm binds it and cans <.!own lo fc,il isftn2. 

3 .11 6~ DEC Ling problems 

RSUBR has no DfCL . 

FUNCTION has no DEC 

Parameters not OECLed: awm-list 

1 c ATOM!s given were bound but not DIECLcd in the parameter list of a fUNCT ION. PROG, m REPEAT. 

3.11 CRJflC 
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No DHL i Iii □HL for: alam·liJl 

The lOMs in the atom-list gh·cn had no associ11ccd dcdara.tions. 

NEWTYPE not DECLe,d: lype-1Jame 

A NEW Y PE of a sm.1ctturcd t pc v.•as rn.idc but no DEC L argument w us iri eluded. 1 n i1 s{ructu red 

NEWT YP E. , i:iclud ing DECL of lhc interior can greatly incr~::.c the t!fficiency nf compiled code. 

I 11 eg a DECL: awm·list derl reason 

The DE CL pair given had illegal syncax ror the rcasm1 given. These can indude: 

~ Not a leg a 1 type~ : An nbjcct nppcarcd in ;1 D ECL thnl was LH>l an ATOM, f ORM, or SEGMENT. 

Typ e-n a1Tie not a type: hmr '' : n111clhi11 g other lllan a type-name e11· -;pccitil s mhnl (such • ' AN V) 

llppc.tred Y..hcrc a ljipc was expected. ·rhis ts rnm:limc.s caused b nut h,1\ ing your cnvirnnmenL 

cu1nplc[cJ - .c up hen CR Ir IC is run. 

''FORM/SEGMENT too short": i\ FORM/ SEGMENT consLruclioo of nn 011c clement was found. 

"SP EC IAL /UNSPEC lAL with three or mo re elements" 

Bad PRIMf '1Pf type": ·me typ gh·cn in a PR IMTYPE was ,:ot a t.ypc:·nrunc. 

"PRIMTYPE with three or more elemePts" 

"Bad type of st rue tu red type : Tnc ty pe-name given as I.he type of a scructurcd type: was not a 
type. Fo.r C).amplc. <: fOO FIX> where f 00 1s not .:i type. 

"Bad BYTES spec if icat:ion ": 

byte sb·.c as greater lhan l6. 
BYTES spccmcation was not of [he form <BYTES fix Ju> or the 

BYTES DE CL too short~: IBYT ES consuuctiun of only one- clcrncnt was enoounterod. 

"BY · ES DHL too 1 ong": I\ BYTES cunstruclion uf more Lhan three elements as encountered. 

"VECTOR in OR specif icat ioa : 11 NTH/REST /OPT cunstru tion was found a[ top le cl of an OR. 

·~Nth/REST /OPi too sholi't": i\onc-clcmcnt NTH/REST/OPT. 

"On 1 y RE ST or OPT may f o 11 ow OP r ~: Something other than a REST or OPl as f<mnd .ai\<:r an 
OPl. 

~REST must terminate DECL umcthing was fnu.nd i1flcr a RE S'f in me DECL. 

CRITIC J.11 
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3 .. 11. 7. Misc en an eous 

Possibly shoul ,d be QUOT Ed: Slruc,ure. 

·n c j', rucurrc gi cu m be ""? to 'itsdf if EVA led. CR I IC Hsts these under ,the a nmplil'll that you 

might hn e forgoucn to QUOTE a structure that should ha\'C been. h says "possibly .. bccat c you ob ioust 

want rn build n.t' suucwre ornclimes. On" way to do this without offcndin CRITH 1s to build nc 

Slmcturc with cxpUdtca ts. to L 1ST, VH OR, etc. 

3.12. Progra~ Envi rnnment:s 

Thi.' E.NV PACKAGE mak il easier lU lmtd programs illln diITcrcn cnvirunincm . l allow ccn.lin accions 

~n he taken during loading nnl~, if ;i i,.·cri ·rc.imrc· is prc~enL . N1V ha. 1hrcc flHRYs, and 1s preloaded. 

< £A URE$ fem11m,:111p.le> 

If given nu argument-;. FEATURES rcrnrns the cu1Tc111. fo.lu1rrc UST. ff it · fl t argument i not a FALSE, U1e 

arguments arc mhkd U> the fo, lmc LIST . lf the first .ir urm:m is f A SE, lhc rcma"ni ng, argument-; are 

n•n10vcd fnnn the rcaturc LIST. Thu , 

<FEATURE S "COMPi ERff> 

say .. that we arc currently in :i compiler. A t1 or the ·· emu re· .:irimmcms mil. he ci her Si R INGs tff ATOM ~ 

iriccrnan. features arc .1.ored as s TR l N'Gs Io avoid ODL I ST problems. 

<HAT u R ? (raru.rps: tuple> 

rcmm T if any or iLS arguments is on [he feature LI ST. 

<EVA -WH£N featUtfJ 
mmc 111l'11c.es:.r11,ple> 

uses the first argumcm to dct:idc whether to evaluate the rc:maining arguments. 

jco1UrtJ specifics which fem m~s) to loo far. ll m:a;· be .i inglc feature or a L - ST of fc.iturcs. In chi! laucr 
case, if ll~e Arst clement i a FALSE. what is checked or isthc absence of the fca1urc Ii tcd. otc lhatthis 
argumcnL is often a LIS cr-cnlcd out of argument to f ,EATURE?. 

consequences-arc thing.-. 1,0 be evaluated uni}• if Lhc features arc present o.r absent.. 111 the FALSE castJ 

or cxampie. 

<_VAL-WH N GLUE <SETG FOO 1>> 

would pcrft,rm lhc SflG rn1ly if il"s c,,alualcd in a GLUE or omc other environment denning that feature). 

<'EVAL-WIIE:N ( 0 COMP lER) <SfiG BAR ,2>) 

would lllll perform the SE l 1G in the compiler cn\•ironment 

Unfom11 ,ucly. 'the ENV PACKAGE is a rdati cl rcccm inn.ovation and so many prnirnms do not set u 

appropriate en i.ronmcnts. 

3.11 CRff!C 



62 The MDI. llrngrnmming l~nvironment 

4.0 



'I.he MUI . Progrnmmh1g En imrnncnt 6 

4. The Library System 
A coherent. unified library system cn·cs to·faci'ln.uc lhc s'ilaring ur algorilhm. nnd d.na by imposing. a 

di5eiplinc approprinlc fur the panicular en ironmcm. The MDI r Jbrary Systcrn pro ides: 

- A uniform access mc1hnd for referring w funclions and data ou~ idc nf the current! lgical group; 

- I .c1dca1 blocking. climinati~g dimcultics arising rrom o·,:\.:'rlap of names. ct,...·ccn dil'fcrcn1 fog,ical 
groups; 

- AutomaLic loading of fu11cl.iuns for the u~cr who knnws, only the name of lhc function which is 
wanted; 

- A fi.icirl whcrch~· functions 11.hich ma. be nccrs:sar only in unusual situations ::ire loaded onl in 
II.he , ,•,en l lh .it they .1 ·c noodcd. 

The Mm I .,bmry Sy. lcm may be di,•idcd ·mn di.stincL parts,. Th.csc afc: 

- n,c Pi,ckiig(' ysu:m. 1hc colknio11 or lioutme. used t ) provide lcdcal blocking for :1 logical group 
(sec section 2}: 

- ·111e ·explicit' loading facilh . the ruulincs used lo explicitly indicate ti ~ t refcrcnccl'. are ooing 
m. de 10 a particular logica'I gn,up,; 

- Th-c 'imprcit' {,ur 'dynamic') loading facility, the 1mchi.1ra,cry for autonwtica11y loading 'functions 
when Lhey arc needed during cansok interaction. 

4 .. 1. Program libraries 

In the prcv1ous discussion of the Pa kagc S. stem and USE (S<.:c section 2J.2}. we gloss.cd o er me 

mechanism b. which a PACKAGE is loaded whc:n anulhcr PACKAGE (or the user at his tcnninnl) refers to i,L 

We wiH now give th•e details. 

11\crc ore 1two types of uading common in Mm. programming: ',cxp)idt' loadit1g, such as USE m,ay 

inili tc. and ·1mp]icit' or 'dynaml:c' loading, initialed by rmcmpth1g lo cal or examine a runction tha.t is. not 

currcnl1y 1oadcd. 

Jn cbc case or ·cr.plicit loading, ll is neces-.s.1ry somehow lo mi1p the name of a PACKAG,E into a file name 

which crnu.ains the body or that PACKAG,L '111c mcdrnn1 m ror doing u must be ncxiblc enough to allow 

bolh ·1 ns1.a11cd" prngrnms (those lliH1l have bcci1 debugged rrnd ;·ubmiucd lo the Ii rar )1 a d Jcvclopmcnuil 

programs to bl? loaded. Jt must ulso be taiJorabJc for special. needs, such as libraries for spcdli systems arnd 

personal libraric ror individual users. 
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In the case of 'impUdt' loading, 1thc further mapping from the sped fie. ENTRY of a PACKAGE rcfcrcnccd to 

lhc: PACKAGE i If must be pcrFonncd. lt mu t deal with the case o t o or more PACKAG'Es c.,ach com,11i.ning 

an ENT RY with the. · me PNAME. 

For programs that re 'public· or •in tallcd1
, bmh uf lhcsc mappings ar~ pcrfonncd by a librncy A library 

is, file which contains pointers between Lhc names of ENTRYs of PACl<AGiEs and the PACKAGES containing 

them. ~nd from PACKAGE and DATUM names lo th files containing lhe,m. 

lllc standard lib ary is named L 'BMUD and lives on a directory named LIBMUD (on r ·s) or MOLLI B ,(on 

Tcncx/fops-20). hut other 1i rarics. pcr.,onal or pedal purpose. may also exist; Lhc mcchan·s:m or crcat,ing 

and m,1intainin them arc the mnc in both c-ases. 

4.1.1.. Library Searching 

When a PACKAGE is USIEd., MDI first check to cc ff the PACKAGE is already h>m.hxl by loul(ng up me 

PACKAGE name o 1 the PAC KA.GE OBLIST. f the PACkl\:G'E i,s nor yet. loaded. DI must search for the file 

cunui i niug the body or the PAC ICA.G E. 

When MDL scard1cs, 1 :docs so under the dircc:thr of a carch path stored as the LVAL of the ATO)I 

-SEAR,C H-PATH. This LVAL is a UST. each crcmcnt of which specifics •a place tu rook' for the PACKAGE. 

·me:sc ctcmc nts ma . be: 

'file-11ame• 

A STRING refers w a library me: .. IBMUD: IL I BHUO" for ~amp,le. 

u 
An cwpty VE Cl OR refers to the <SNAME> dircccory. 'Jbe directory will be searched for mes whose names are 

the n me of tile PACKAGE being loaded (trunc.,ncd to i,; ,c;hara«crs on ITS) and s.cconJ names friom the 

LVAL of the ATOM L-SECOND-NAMES. hkh is VECTOR of STRIN·Gs which arc possible second names for 

Che Hle. 

[ tlir:stri:r1g-or-fa.lse] 

non-<:mpty VE·C OR specifics a dircc[OI)'. The first c cmcnl of'ihe VECTOR gives the dhttmry as a STRING 

or a FALSE. tic Jaucrcasc meaning <SNAMD. Jfthat is the onty clcrncm. L-SECOND- NAMES specifics the 

me names m look fo . If thcr•c arc 0!11er lcm1:nts., tllcy ould be STR ING.s o use in place of 

L-SECOND-NA S. 

search path may consist of any number of such ekm.cnts. The ?oader wm examine them sequc.ntiall)'. 

attempting to find lhc PACKAGE being toaded. 
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The initia1 'L VAL or l -S[ ARCH-PATH (on ITS) is 

( "UBHUD" "UBMUD ;, UBMUD" [] [ "MBPROG"] ["MPROG" '>" ]) 
and an Tenex/ ·OPS~20. it is 

("LIBM□D~ "<MOLLIB>LIBMUD" [] ["MOLLlB"]) 

65 

This insu-ucis ~U1c loader 1.0 first scarc:h 1'.hc user's pcrsonnl library rr h c i ts), then the ·public' Hbrary. c::i:t, 

s.c:irch U1c user's directory for a file whose first name is the PACKAGE name, and htJSC ccond name :s 

sp1.-cifi.cd by L-S:ECOND-NA'Mf.S. 1fthat fail pcrfonn lhc S.lmc earch on 1hc 1ibrary dirccrnry, and finally 

(on tTS). !nok. for a so 1rcc crskm or the PACKAGE on the source directory. 

"'llte i11i1ia] LVAL orL-SECOND-NAMES (on TS) i~ 

[~FBIN" ~GB 1 N" "NB N~ >~] 

and nn . ·enc)! /i'OPS~ 20. il is 

["fBIN' GBlNH ~NBl " 'MUD"] 

· ,·o give a simple e ample of how t111·is mcch:mism may be tailored for inJhidual needs. consider a 

pmgrarnmcr debugging a subsystem. If he wants his dchugging vcrs.ions of \'llrlllll.· PACKAG • m be loaded 

before he l1nswllcd versiuns, he CON Sc a new clerocm t no L-SE ARCH - PA , 1-1 ·o Lhill it contains 

( [] "LI BMUD' " , rnMUD ~ Ll lBIMUD ~ [] [ "MOP ROG"] [ ~MP ROG~ ">"]) 

(;rssumh\g the files ith his debugging versions arc on the ·<SNAMD dirccmry). 

4.1.2. Dyn.am·,c Loading 

To cas,e the use of 'lop lcvd' routines from lhc console-. o feature iS pm\/idcd whereby the I .ibrary Sy-stem 

c.1n load a PACkAG of f1.mc1io11s autotna,tic.illy wh n one of the funcli III hicll i an ENTRY in that 

PACKA 1G'E is invoked by name. ·11,i facllit. is nol ;wailabk for use by other PACKAGE or ' unctions, hich 

mu t rcFcrclplicitly, via USE. ·to PACKAGE· which they require: while a human can resolve the diffic:ult of 

p~iblc multiple PACIKAGEs with IENJRYsof lhC'satnc namt. a pmgramcannoL 

When an crrnr is ,generate-cl because a fORM is cvahrntcd. and the first ck111cnl of I.ha FORM i an AlOM 

wh ic:h has. no .ituc, and the p;1 nic u lar AT OM ~ s in the l N n l AL o B r ST. an crmr h.1nd I er cs tab Ii hcd by 1m.e 
Li )mry System determines if there me. ny PACKAGE. i11 the ciurrctH libraries hich conL.1in an ENTRY with 

the $.lmC name as the PNAME nr th;1t A OM. If there is one such PAC'KAGC. ll i. loaded. and Lhc evaluation 

which got 1he error i cont!m cd ith Lhc correct aluc. Ir lllcrc is more than ui'IC? such PACKAGE, lhc possible 

choice ar-c displayed, the user is asked whi h i: thC' desired PACKAGE. and it i loaded. If tl1crc ar, o 

1P' A(: K AGE w i lh E NT Ry Cl r I he correct name. the Cl'il'Or i not h illld led. and StJ i l wm fo n i noo th C ta nd;ud 

error mechanism. lllis s;imc procedure is also invoked when GVAL is applied ~o an A JO. on the f IT AL 
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OB IS i and the A I OM has no value. 

4. 1 .3. USE DEFER 

lt is sometime dcsir. b c to ha.vc ,waTlablc l\m cions that arc rarc]y in okcd but a non lhd ss av ilablc. 

One c:irnrnplc would be certain rrror handling routines.) 

The USE-DE f ER funccion sets up lhc OB l I ST pa.th so that, when .a reference is made tu an EN JRY in llle 

s ccificd fitc. the orrccL ATOM is found, bm the PACKAGE is not ac1ually Im dcd l lhat time .. Wl\en a 

Fl.me lion at a later time tries EO cal the fi.1 n Lion which is 1hc \'aluc or one uf 1Lhc cmrics in lllis PACKAGE, me 
'II, huk PACKAGE ·ill be autonnl ical y lnad LI. USE -0 Ef ER ha t o coil:-lraims wllkh US€ doc not. Fir.it, the 

PACKA·GE nun be in one of the c-m·n.:mly at.:Ei c lihrnrics: it ma,;· not si111ply be · file s !11 the use of US L 

·und, 110 rcfcrct1cc ma}' be mJi.lc to A fOMs which arc Cimks but du m,c ha c ~·~tlucs \·hich are ·ipplicabic. In 

mh er wu rds.. AT 0~ h ich arc cmrie'!l bci:; au sc lli cy .ire l.i ;ua ( r.a lhc r th 11 Fu net lu n~) ma. nOL be rcfcir,cru::cd 

when USE-DH ER is ~mploycd i11stcad of USIE. 

3ccausc USE - DE FER utilii;ccs tl1c dynamic loader. which utili :r.cs the ER!lOR in1err11pl-., US -DE FER will 

nm work in a demon or ~111 ULhcr Mm progrnm lich sets up, its c,wn error handlers.. AH such MllL 

pmgrn1n$ should SHG chc ATOM L-NO-Dfff R Lu a nun-FALSE. which (as c plained pm tou-sly) win cause 

USE-DH ER Lo bcliavc c1,1ctly like US 'E. Then. fll\Cl<AG Es containing a US:E -DEFER can be used withouc 

modification in demon and the rkc 

4 .. 1 4. USE-TOTAL 

USE-TOTAL is n logou tn USE, but in tcad ufsplidngin only the ENTRY OB LIST oft.he PAC.KAG,E. it 

dditionillly splices in lhc iutcmal 0BtIST. This is useful in some dcb1 gging situations, as it reduces he 

number of trailers printed and also makes the intcm I idcn ificrs of the PACKAGE more cccssibfo. 

4.1 .. 5. Translations 

lt is ooca iunatly useful to have more Ulan one copy of a p rticuli!r PACKAi(i,E loaded at. once. One 

example that cumc:s lo mind is the case uf debugging a debugging PACKAGE. '11c l.ibrary System cont.tins a 

mechanism for ·crnnsl, Ung' a PACKAGE name incu ,mother one. Mure p«ificalty. il is pussiblc to re,. USE: •u 
you c er lo, d the PACK.A.GE 11amcdfiw. p~lcnd il was namctJ barh1 !cad. otc lha ·this docs Jmtchange: the 

SCJrching and ?uading proccdu.re described above. uni the names. of the OB LI STs and so on used to store the 

ATOMs in the PACKAGE. 
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< TRAN StA T E old: s1ri11 g new.• striug-orfalse) 

mus.rs, the PACKAGE old. when il 1s US1Ed, to b:ehavc as, if it were named m•w. If 11e1v i FA.LS L it means that 

Qfd shcmh.l be loaded as !hough it were nOL r:t PACKAGE at an: its ATOM will appear orn the DEF AU I T OBLI ST 

or< 1 . OBI. I ST> (noi;mal y I Nl. JAL) 

<UNTRANSLAT E. ,old".11.ring> 

causes .:my Lransfa:uion of o/dto be removed. 

<TRANSLATIONS> 

fo;1:5 aU Lr.mskl ions cun-cn ly in existence. 

I l - TRANSLA.T ION 

is a LISl containing an the uanslations. 

4.1.6 .. The :Library Data .File 

In nddjlinn to its .ibitlcy to map bccwccn PACKAG'- NTRY . nnd the files which cunrnin lhcm. the library 

scrn:s, nolhcr purpose. ff.i user is compiling ii unctitm which USEs ;i gi en PACKAGE. Chai PACK.AGE is·nor 

us,mlly going to be run. All that is necessary .is to c:i..aminc the ca[l:iing s.cqucnccs >fll.S function and arnkc 

sure lha all • iM·c ects' ,(such as Lhc definition or new iYPEs) occur. lf unly ;1csc necessary pans of lhe 

PACKAGE .:,re Joadcd. a gmH saving oflimc and space is cffccied. 

The library d~la me provides a way of achicvlns this end. When a PACKAGE is '1ddcd lo the library, more 

it1 formation than the list of ENT RYs and (he file com:aining the PACKAGE is c:oHc-c:tcd. Jn particular, 

MANI FEST GVALs. NEWJYPE definitions, so c MACROs., 111d RSUBR DECls arc Stor~d. Since lhis is Lhe 

information used by the co tpil,cr, one can save a great deal of spare and time by u ing infonnation from !he 

library where possibl • 

IT, L-USE-DATF IL is lntc, USE ofa PACKAGE wHI tuad from the dat.a fitc if po iblc. It is impossib!e if 

Lhc PACKAGE h changed since the data file entry was creritcd. n lhosc cases. the PACKAGE itself ts loaded 

instead. If, l-A WAYS-DATF ILE is true, an ERROR will res.uh if the data me entry i outdated; one can 

IE RRET T to cause lhc rca] PACKAGE to be: loaded. 

USE-OATfILE i ju l l'ikc USE, cx;ccpt that il temporarily SETGs L- S•, - DATF 1LE. and 

L - Al WAYS-DA FI L:E lO 1 . 

The data file conwins. for each PACK.AGE, infonnatkm for each inlc~sting ENTRY: MANI ES GVALs 

NEWTY PE definitions.. RSUB R DE Cls. and MACROS. It alw has, of course, the . isLS of EN RY:s and RENT RY 

nccdcd by the d n~m ic loader. h docs noc comain other strucL1Jrcs, nor docs il co11taln funcions. When a 
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PACKAGE ~ loaded frnm the data rile, it is ~ffccli cli' USE-DE FE Red: if ;iou end up needing to run pan of 

the PACKAGE. it . •m be loaded dynamica!ly. 

time PACKAGE can not haH' daui file cmric . If a PACKAGE defines MAC ROS chal us data not srn rcd in 

the daw n le ( if I.he MAC RO call - ii FUN C Tl ON. for ex.ample}. Lhc PACKAGE will not get a di! l..'.I iii c en Ul; it 

;n1uld nonnally end up bring lo,'.J,dcu From th<." file anyway. 

It i:. possible for a data file c1 my ~o bcco m c obsolete (if a nc vcrsi un of a PACKAGE is created w i tlwu c the 

'library entry being updalc<l). i-:ur thi!I ~ason, the Hbrary is cx. iimincd periodically for uch entries and an 

· a.empt is m;ldc w update the cappropriatc Clillli.cs. 

4.1. 7. Run-Ume S,witches 

There .:ire a number ufv.iriablcs · hich may be ~ct dynumit:ally to wi l11r the I .ihr.ary Sysccm's pcrfrnmancc . 

. L-SEARCH-PATH 

as described abo c (sec section 4.1. l) is L [ST specifying the libraries and dirc-clurlcs lo look in •• md the files 

to le )k for when u-ying to load a PACKAGE. This 'iariablc is used by USE. USE-DE FIE: R, USE - DATUM, ~nd the 

dyn, mic ~oadcr . 

. L-SECONO-NA~1ES 

as described above (sec section 4J .1) is VECTOR of the second names oF files lo look for wl1cn ancmpEing to 

loa<l a PACKAGE from a diroctury. 

, 1l-NOlSY 

If the GVAL ofL- OlSY is non-FALSIE, the names of PA,CKA.GEs ;rnd DATUM ilrc printed hencvcr they ar,e 

loaded, dynamically or mhcrwise. This feature may ba turned off by SETGing L-NOlSV to #FALSE (). 

l -NO ISV has an initial GVAL ofT . 

. L- NO-MAG IC 

[)rnDimic load"ng may be disabled by SE iGing L-NO-MAGIC to a nowFALSE. l-NO-MAGIC has a:n in~tial 

GVAL uf a F.ALSE • 

• L-A WAYS-INQUIRE 

I f the GVA of L-AlWAYS-INQUIRE is non-FALSE. the d}'namic luadcr wi11,dwnysask lhc user before it 

load· ,m thing. ·rne GVll:L of -ALWAY s- INQUIRE Is inj.tiaDy a f ALSE. 

, L-N'O-Df f ER 

Ir the GVAL uf L-NO-DEFER is non·FALSE, USE-DUER will work ~:i:.acdy lik.c USE. L- 0-DEHR is 

initially SE flied m IIF A'LSE ( ). 
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4.1.8. Library Utility Functions 

A number of funccions cxi l which alto lhc user to c~ami:nc libr..irics, list their com.e11tc.. and retrieve 1.heir 

entries. n or t:he function below except L-PATH and -0:Bl ac«-pt an optional SlR J NG , rgumenL a 

lihrary pccificati.on. Sf il is dcfa1.dted, they operate: on lhc public library. spccincd by Lh string "L IHMUD :: 

Ll 'BiMUD" or "<MDL I B >UIBIMUD • 

<L -LO.AD pafk,w.e;:>1ri11f libmry•;s1ring> 

L - LOAD re u ires ~ ST R I NG (the name of a PACK A1G £ or DAT UM) and au.empts to load it from library (if 

given) or chc cmr•cnt Ubraric. as per 1 -SEARCH- PATH. 

<l - F 1 ND (iwcliow"amr:strtug library:striug> 

L-FIND m4uires. a STRING Ube name 1f .1111 ENTRY), f(?lmning a UV CTO ·' of I, o·elcmcill VECTOHS uf the 

fonn: 

[ par/.:agr-in• H'hic/1-fimclilm-exi:JIS:strfng 
librwrill·whidr--packagc--existJ:slri1J,g] 

· 11i fimls al of the cntrics whic have the s.: me PNAME but ar in diff'crcm PACKAGEs. 

The remaining functions arc in Lile PACKAGE '"L ". rather drnn in the PACKAGE. "PKG". Por each of 

thtse, the opt" onal librar,- 11 'l! llmcnt i.s b de fau ][ il1r Ubrnr. ~ th a.t i , " LI BMU D : U BHU D or 

"<MDLLIB>LIBMUD". 

< L-F i: LE pqekQgc~·1dug librory.:s1ring> 

l -FILE rcqL1ircs a STRING Clhe name of a PACKAGE or DATUM) a-11d rccurns a STRING which is the file 

spcdficm.ioo of the file, polmcd to by the librar:,1 which cm tains Lhc bod ofthat PACKAGE ur DATU , 

<,L - 'WHIE RE p_gckqge:strim: library:string> 

L-WHE.R is simi ar to L-F 1 LE b1. t returns a VECTOR of ST l NGs which i~ chc actrn11l complete file 

spcdlica1ion of lhe file containing the PAC KAG (i.e., the ·rear luts in a CHA,NNEl open to the me). 

<L - L Sl E libmry:s1ri1Jg) 

L-LI STE. prin1s the names of all of Ille •en ricsof all of the PACKAGE~ in chc library. 

< -LI STIP library;.s1ring> 

L -L J STP prinlS the names O an of the PACKAGE U d DATUMS in the Ubrary. 

<L -COUNT E library:string) 

l-COUNTE r"C ums a FIX., Lhc numbcrof en cries derined by an or Lhc PACKAGES in the Hbra - . 

<L-COUNTP .library:string, . 
L-COUNi P returns a Fl X. I.he number of PACK AG Es and DA TUMS in the library. 
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<L - t IST Pf nackage:s1ri11g libra1)':stri11g> 

- l IST'PE requires a ST Rl NG (the name_ nf a PACK AG El and prints chc names of all ofits cmries. 

< -PATH> 

-PATH prints a Ii tof tllc names of all ufthe OBUSTs in the user's current OBl [ST path. 

<L-0Bl aram> 

l-O8 L :rcquirr-s n A TOM nd rctums ;rn ATOM, the name of Lhc first Al OM' OB LIS . L-OB L is in fact 

<G1ET <OBLI ST? atom> OBUSD 

4. 1 . 9. lnte rnal Library Fu net ions 

There me SC\'eral imcmal liunction~ used for arching lihra.rics I which is. after all. all tile Library ystem 

c er does). 

< PAC KAGE-f I NO rugkqgr:.,1ring librao•:su;ing> 

searches J.ibr«1ry· for 1><1c ·age. If there i nu ·uch PACKAGE or DA TUM i 1 library•. it returns FAlS E. 

Otherwise. it rcu,rns, · s r RI NG. which is the name of the ilc containing package. 

<E NJ RY-f IND r.~•l□':stri,ig·ur-m1Jll! lib[OTV,'Slring> 

searches librar)' for PACKAGES cunt.•ining mm·. h recurns .1 FALSE if there re nonc. l lhcrwisc a LIS ii some 

multiple of four ekmcnrn l,ong. where each set of four clcmcms describes a package et1nta,i.11i11g an ENTRY 

wi,th llHll P NA HIE. These clements are: 

vackagr:s1ri11g is me PACKAGE being d~rlbed. 

ji(e-namc·s1ri11g is the fifo·:narnc comaining the pac age. 

'l'llCkage?:a,tmwor-falseindicatcs. if non-FALSE, lhat the p~ckagc is in fa tao RPACKAGE. 

remry?;otom:-or-false indi.ca~es if,non·FAILSE, that th cncry is an RE TRY. 

<DE FER-FI D pqrkage:.urlng Jibran,•:11rmg> 

rcwms a F · LSE. if the PACKA:GE ur DATUM i not round. or a VECTOR of five elements describing the 

PACKAGE. 

,package. ;awm·or-false indicates as above, whcth~r the package is an RPACKAGE. 

file-11ame;.s1ring is the 1filc coora·ning the poc'kage. 

eutries.:lisl is a LIST of Lhe PNAME:s uflhc ENTRY of I.he package. 

rentries:list is al lST ,of the PNAMEs of the RENT Ys of lhc package. 
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·n1is i al lhe information about the package that che library contains. 

4.1 .10.. Library Maintenance 

The PACKAGE caned "LOP c,r;intains func ions u ed to modify libraries. and to add, update and dclcce 

PACKAGEs and DATUMS. Jt should be noted that libraries do not contain lhe bodies of PACKAGES and 

DM UMs. Rnthcr. they pnjnt lo fHc which comaln these. 

< L UP~ Af. ,library.: sf ring> 

requires one argumcnL a library spocificatinn S R l NG., and activat . the library so specified Ef the Sibrary 

dncsri·tc,:,isl il i created. In nrdcnn prorcct the library from Joss due to sy lcm or Mm crashes. aclivating a 

1ihrary fnr modification copies lhc lihrary daui files a11d lock. chc 'Ii r.ary o that no one eke may modify it 

Mudifications arc made to the copic • which arc renamed bad: over the 01iginals onl when the library i 

ctplicitl~· dcacitiV:i'lcd. Obviously, PACKAGE .1ddc,d IO a ibmry .rc1ft :11v, ilabk, C\Cn to the person adding 

I.hem. u nti1I the I ibrary is deactivated. 

<L'UP-DCT> 

dcacci .itcs the current1y ac1Livc library. 

< l u P-ADD PACK f'(1dw:efile::strtne 
updaie?:boolean 
daljile-e111ry?:boolea11> 

package- file· is a me spccificirtiun of lhc file comain~ng the body of the PACKAGE ,.o be added. 

LUP-ADD-PACk wn frnd the PACKAGE statement within the fllc ·(orcomp ain ifhcan•t). 

upJa1e? i optional, and ·r non·FALSE. il aHows the PACKAGE to update an older version of i1self 

something which is not otherwise altowcd. Nute that since Lhc library poinlS tu lhc me whicfl conta-ns the 

bt'Kly ofthe PA1C A·Gf .. that me should nm be dclet•cxl lacer, else the Hbrary won"r ~ able to find iL 

da1Jil~e11try?is by dcfou]t T, but if il is FALSE, 1110 entry will be created in the datfllc for this. PACKAGE. 

Since diltfile entries arc gencr.iMy useful Olil1Y ilil the compiler {and similar cnvimnmcnts). i docsn t do much 

good to have them for PACKAGES tha[ are ont cail1cd fmm op k: cl ,(e.g., F , OATOM) .. 

When addin a PACKAGE to lhc public library. it.he PACKAGE '~ objccl file shou d be copied to th.:: 

appropriate l"brnry directory {" I B RMn'' on rJ , or ~ <MOLL IB>" on 'fops:·20) .ind he library puintcd at 

th.it copy of the file. If nn Ubrary is acti aicd, wh~n LUP-ADD-PACK runs. it ill aci:.ivatc 1
' LlBMUD: 

l]BMUD' or <MOllIB)llBMUD • 

4.1 Program UbrarieE 



n 

<LUP- DD-DAIUM ,,mne:slring 
file;string 
11pdatc?: oooltan > 

Inc MDI. Pmgramming En ironmenL 

is analuguus w LUP- ADD-PACK . .iddin a OAil.lM lo the acti e library. _UP-A.DO-OAHIM r quires t o 

STRING rgumcTil5. the name- lf the DA iUM and lhc spccificadon of I c fil hich cuntains the body of the 

DATUM. LUP-ADO-DATUH will accept the same ptiona argument ahal L1JP-AOD-PAC.K cocpts, with lhe 

same meaning and efau lt. 'llle same rc1.itrktio1 s co~ rn ing !he fHc hich t m 11 n,,; he DATUM also apply. 

<LUP-DEL pockage:stri11g> 

LUP-D', l re-quires one STR'_ NG argumcnl. lhc name uf a PI\CKAG'E ordaca ~t ,md deletes lhat PACKAGE or 

DATUM from the cur-re Oy active !ibrar. LUP-DH. does; nut luuch the file containing the body o.f the 

PACKAGE ur DA11'UM. 

< UP-MOVE .pqckttgr:-s,riug filp:striug> 

rauscs lhc rile poimcr uf package to he ch.mg d lo point tu ji/r_ TM~ is a fas1cr operation than rc·.idding the 

PACKAGE. and it is inlcndcd fur ~iLuation • m which an existing \ihrnry lilc ha been mo cd Rl some reason. 

< IB-GC libran•:string> 

g rbagc-collccts the libr,iry in questiun. if lhis is required. G. rbagc-colk'Clron is <Jcca ium1lly useful ince: it 

au all lhc clcmcncs of each hash buc ct to Ii c near each other io the library file, I.flus improving 

pcrfommncc during searches. l also allocates some free smrag,e iL: each pi1gc of the me. 

4.2. The Pure-map,ping, Library 

The basic idea bchi11d Mm pure mapping is to separate um I.he code pan of RSUBRs in cnmpited 

programs. The RSUBRs lhcmsclves arc kept in a file known as an fB [N (sec 6.3). 1 lcsc- RSUBRs do not 

conwm lhc code but h1Stcad point to a flk · hich cont ins the code. This scheme has ·cvc:ral adv~ntages. 

1-lrsl lhc code can be dynamicaUy mapped in 'hc11 needed. This allo MDI. to use: more code tha'~ will fit. 

in chc virtual address space of the machine it js runni,ng 01111. ccondly since the code rs pure it can be shared 

bctwc,cn vcral Mols using iL Fim1Uy, the fB N file itself is mailer than a corrcsp nding NBIN tile and 

Lhcrcfore F tOAOs more rapidly. 

ln the mosr basic implementation of FBI s. there arc three 1lcs: the f BIN. the SAV fifo (which contains 

the code). ancl the f IXUIP me. hi.ch contains the infonnation nccc:&1,ry w up-date the SAV f 1 E For nc 

rcl('as r MDL sis obviuus,. this cnlAils a lot of files. and. poccmially a lot of me diroctorics. The MDL 

~ 1rc~m ppmg, Library reduces thi toragc overhead by collecting all of !he AV and F IXUP files mgcther. 

The scheme uses l\/i10 large data ha ach contai ncd 1in one me. 111c data bastS arc a11cd ·sAV' and 

' FIXUP'. ·111c~ files mre aH currcml c,d tent SAVsan F XUPs fo an 1:J1.isl!ing crsions of MDL F..nch data 

Program Libraries 4.1 
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base is stnirturcd like a FIie ·y cm. Thcri! is a main 'directory· that points to a number of other 'dircctolic-s.", 

each of which points to a number of 'files' insip:c the daia base. In this section the word 'file· or 'directory· in 

quotes refer.; to an object in idc a data base·. The files cont. in'ng the dam bases arc n.1mcd (on ITS) 

"M 1 DSAV:SAV FHP and ~MUDSAV:FIXUP FILP . On Tencx/TOPS·20. they are 

'
1 <MO .>SAV. f ILE" and " ·<MDL>f IXUP. F'1 LE". 

4.2 .1. Th,e Demon 

While, II MD?.s can read rrnm 1.hc Pure-mapping l..ibrnr . 1:hcrc is only 011c program wh ich can write into 

it. ·111is i, a maintain<!r demon whkh runs once .i tfa_ 10 keep t11c Lihrary updated. 'lllis demon can add ·mes·, 
dclc;1c ·rues·. 1"HI add ·subdircctoricJ>· w boll daca bases. 

To fad rune upd;1ti11g of·thc r .ibr.1ry 1.hcrc i . .i directory on whkh to put flies tu he aJdcd ·ts eU .is mes to 

indicaLc whilt •s to be deleted. This is chc 'MUDTMP " di cc or;· on ITS am.J the "<MDlUB>" direc ory on 

Tcn.cx/m'OPS·20. Any file on it with the C'C< nd name of SAVmm or FIX mm (where mm i a 2 or 3 digit Mm. 

~lease number), will be ad lied 1to 1hc appropriate data base. Ir I.hr mes "DE E E SAVS " or "DELETE 

F lXUP'S" exist. then they wrn be used to dclcw ·mes· from the data b.iscs.1llcsc fl cs m11~t be ASCII files of 

Lhc form 

ji/e11ame l [SPACE] filename 2 (CRlf] 

n c:wmpk of a alid dclct,c file is as follows 

N1CODGE SAV53 
lNCODGE SAV63 

·111e demon w.ill ignore any deletion req,u sts for 'files' not ·n the data base. 

'll1c demon docs its wor in several passes. The bask passes arc I.he delete pa the plannin pass. th 

upda1c pass, and che sahagc pass_ 'Ilic delete pass de etcs 'fiks" j,f either a ''D'HETf. SAVS" or "DELEIE 

IXUPS" file exists on ils working directory. 111c planning pass builds .a. plan file by examining the working 

directory and calculaling where new "files· will be pl.teed in the dat.a. bases.· 'he pfanning pa builds two riles 

using a special inter ol format These: mes will be used by the: update p.iss to ado ·mes· 10 lhc d.~t.a bases. The 

p1anning pa' also enlarges tl1c daLa base files as much as ncccssar lo accomodmc I.he new ·rnc-s·. The update 

plrnsc rcad.s lhc plan files and adds neY11 SAV and JXUP 'files· to the data bases. Ira 'directory' overflow a 

new 'directory' i added during lhi · p.l . and all the 'dir1:"Cturic-s' arc recreated (Le .• all the ·mes· have to be 

rcliru hcd. since they were original!: placed in a 'dirccmr_y' according to a hnshing algurithm based on the 

number of'dircccorics·}. The sal age pass js u ~d to pie up an~• r-ce storage that has been lost through system 

crashes or lost through holes c:rcat d urin the updating of the datai bases 
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1lmmgiwm the cmkc p.roccssi,ng of the data bases attempts arc made lo kocp tin: data base in a consi,Slenl 

rnte. ·rnrccmrlcs' arc updated only atlcrJilcs• arc guaranwed to c in the data bases. The plan files de ribcd 

arc cd to keep the data bases consisn:n.t io case I.he system crashes hilc lhc demon is ln the update pass. 

,\ major goal in lhc design o lhc data us-cs is Lo allo rcco cry in ns _ of demon nors ur YS!tcm disk 

crashc-s. To t:1,is end the data bases .iirc- backed up on tape ev:cry olhcr ~k. (It w~iuM be dumped more often 

but the file is ciurrcndy o er [wn milli(}n ords long). This ofcour:;c lca"·c the prublcrn that ·mes· added ~o 

the data base: hct cen durnps could be losL in a di k crash. To aid in recovery from :uch a crash, all ·mes· 
, ddccl between dumps arc copied to lhc "MUDRST ~ directory ,(on I' ·s} ur the ~<MDL . SV>" directory (on 

Tcncx/TOP~M0). forco er a. file is kept listing an thr mes· add d during the prc\•ious wed. lnis me is 

·; led ''A.DOEil Fl LES" . All lltis l11 f<m-n tinn Js dclc1cd once the d;1t, ba:c is dumped hl tape. 

4 .. 2.2. User Programs 

Ocu;.ionally il 1s useful for :i user w lii:it tllc dat..1 base 'd1rcctoric. •. to sec if ccm,in 'file · arc i11 iL and copy 

· t]cs• ouc or the daw base. DBM1A Ni prugram \ hkh a1tow the user to dtl these Lhings.. 

The follu ing arc functions a ai able co the user. 

4.2.2 ... 1. Us.Ung Functio,ns. 

(CLIST,F dau1·base:s1rillg> 

is uS(ld to list all the ·mes· in a dam base. h takes one optinn:.i1 argumcnl hich ils the name or I.he data base 

(either "SAV'' or "fIXUP"). If' 110 i1rguncnt is .!lpplicd. "SAvh• is u:scd by default Cfhis is always the 

default whcnc .. cr a function takes a11 optional argument specifying the ,aca base.) CLIS f pri11.rs cac 'file', 

length, and where it is localed. The fonnat of inc oflisting is as folio s: 

nl fi12 size block 

here firf is lhc firsl 'fl e name. fi(l is the second •me• no.me. sh• is the length o the fl e· in bocks. ,(1024. 

ord~ for SA.Vs. 256. words for F .I XUPs), nd block. is lhc b?ock ,H which 1thc 'file' starts. This ls 1chc format 

used whenever listing ·mes·. 
~LIST F dafa-ba.fe:.slrlug directories> 

is used 10 list all the 'directories· of ,m cmirc data base. lt rakes two optional argumc.rus. lhc data-base tu be 

Iisccd. and a · pcdfkatio11 of hich •directories' lO l"sL The directories' may be: 

a FIX: r st 1.hc 'dircccory' specified by chc FtX; 

LIST off Us: list the 'directories' spcc,ftt:cd in me LIST;. 

the A TOM AU: list al ' :me "dirccHnics· (this i che default.). 

The Pure-mapping library 4.2 
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{fl 1ST dala-bo_se:srrillg) 

Hsts frc,c: areas of SH>r.igc i11 the data base. 1t lists the free lorngc i11 the fonn: 

Jeugrh block 

where le11g1h is th.e length of !he area of fr~e storag" and blork i the block number of the slariling block. This 

ftinction 1akcs one optional ilrgumcnt hiclt is, the nornc of the- data base to be c am1m~d. At the end or th:e 

I isling it wiH l<:U the torni. amount of free storage. 

4.2.2.2. Find Functions, 

<FI ND-'Ft Lf [t}c-- ll'i11g tfato·base-:slri11g) 

is used tu find ,;i specific '(itc' . h t,tkcs a: its argument a ·mcf , f)ctincntio and prin~· U1c ·me· name along with 

1.hc infonn· lion print.ct! hy the \i,sting runclion if the Ilk' exists.. mhe · is.c il return, an object nf lype 

FAL.SE. The ·m:c· . p{'Cilkalio11 mu l be orthc form: 

" lir·jhl ji1r 

where (fir is either SAV or Fl XUP ;md fill and fit2 arc Lhc flrsl and scrmu1. ·me· names re pccti 1cl;i. 

<SPEC- 1F IND lid:s1rhig ,'411a·base:s1ri11g> 

is used lo fmd all "files· whh the same hasic name. disrc0 ·~rding 1.he lc.i<lmg d·gi1l(s) which arc added o make 

·me· names unique. It t kc one required argument. which i • thc Jul 'lo tuok for. h tak nn optional second 

iill,t mcr1t which is the dam·IM1se to look in. For ell.ample the c;d 

(SP(C-fIND 6 MAILn) 

might print: 

MAIL SAV53 8 UO 
MAIL SAV53 8 360 

4 .. 2.2.3. Other Functi,ons 

<DE LE.Tl Otc;string dnta·base:slrin.g> 

allows the u er to dcklc a 'fi c from a data ba.,c;e. h takes lhc same t~rpc or·n1c• pccHicaticm thal F IND-fILE 

takes. 111c •me· you specify w·u be dcktcd lhc next 'time the demon l:hat maintains Lhc dat. base runs. 

<GET-FI LE filc,•strim: m11pw:s1,:h1g dnra-base·string> 

allow the u.cr ro rctriC\IC a 'lik" from the data ba~. It Lakes l o arg11m.cms. The fir ( i5 the ·me• specification 

ord1cji/t' hJ retrieve t1uc oflhc dat.1 ba c and the second i 1thc ,,u1p111 me y,m wish loopy ·uo. 

<STATUS> 

gives l lc information ahout lhc state of the data base . H um the n mbcr of •mes· and the amot1nt of free 

slorHgc in each data base. ST Al US la kcs no arguments . 
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4.2 .. 3. Using DBMAIN 

llicrc arc several waysto use DBMA IN .• It can be used by typing 

: DBMA rn frmc1ion argl ... argn 

The MIJl_fmgramming t:n ironmcnt 

to DDT. 'l'hcjd-liue is of the formfimction argl ... argn, whcrcjimction is the name ofd'\c fu ctioai to be used. 

Porc:i.ample 

:OBMAlN fLIST "fIXUP" 

wm list lhc · rec smrag.c block fur the "f IXUP,. d;1ta base. OBMAIN wrn kill inlf after linishing and can be 

killed earlier by typing ,s. 

The jc-l~Ji11r mentioned abU\1'C c.in be modified ro nlfow uu1p,ut co be routed 10 n file. ·mis cnn be done by 

prccctHng the nnrmal jr:Hfue witl1. a string s-pcdfying the fik name of'thc 01. tp t file,. 

: DBMI\ IN ISTOF SAVS" Cl 1ST F 

ill prmlrn:c, listing uf t.hc files in the SAV dala base and will prinl chis infom1atitin tu the 1fHe "US,TOF 

SAVS". 

4.2.4. Garbage Collection 

One probkm of the Mm. Pure-mapping Libniry is tlrnl maiiy usckss SAV and FI XUP •files' remain as new 

rcvi ions of us.er programs arc ere.a led. ·1 o .al eviatc this problem Ulerc is a garbage collection sysrem for the 

data bases. 

The major goal of chis scheme is o dclcrrninc which ·mes· in the data bases are no longer useful. To do 

thi all files in !he sy tcm are scanned [o soc what SAV lUcs are s(II pointed to (1101 including t!hclSC poinocd to 

only from within ITS rchivc fHcti). A SAV 'tile' can be po· 1tcd tu from FBIN1 files anJ SAVE files, A SAVE 

me ccmUlins pointers in iis PUIRVEC (Pure VECTOR). All f B Hil fllc:s shou d begin with somcLhing uf the fonn 

'< PCODE /ile:stri11.g> 

where file is the name of the SAV ·01c• associated with 1th is FBI N. lf an FB IN tas more d1an one SAV 'file' 

assodalcd with it then lhcrc can be several PCODE FORMs at lhc beginning .of [l1e file. For purposes of 

g. rbage 1:: J11oction, fhis FORM (ur FORMs) musl be rcr incd whenever .in FB IN lilc is edited. if lhcst: PCOl!JE 

fORMs dis.appear. 'lln:i"r pointers to Lhe SAV 'files' wi11 go with U1em. and t ,c SAV •mes· might .,c garbage 

col ectcd 

Garbage collections proceed hy looking 3 , cvccy file un t11c disk. building a isl ofall ·mes pointed to. ·n.e 

program hen c .rmi,n 'lhc data bas-cs .:ind amy •mes· wh·ch an~ not pointed to are deleted. 

lt is pussib1c hat dclcuons can frngmcnt the free area in the data bases. If compaction becomes necessary, 
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there exists a routine to do in·pl'acc compilCtion of the data bases. 

'4.2.5. fnternal Structure 

·n1e "SAV" and "FIXUP" data _bascs have ~imi1ar formats. 1lle 'files" iQ the data b.lSC a c pointed tu by 

entries in what is ~cntia!ly a hash table. srociatcd with each dara. base i a main 'd"rec-tory' the has table). 

Thi 'directory' is lncatcd in chc fir·t 024 words of Ute file. This main 'directory' points to mhcr 'directories' 

in the data base (lhc hashing buckets). r.ach of Lhesc 'directories" is 1024 words long. 111c first 'file' name .is 

used to dclcnninc hkh 'directory' the ·me• is un. Titc s111. cturc of tflc main 'directory' is 11 foJlows. 

word 0/ n rmber n of entries in the tnain 'directory• 
y, ords l ·n/ block number of each 'dir«lory• 

There can be l!lp m 1023 'directories· m11.J each uf these can oomain apprn~imatcly 500 ·mes·. This pro\ltdcs a 
ir ual y un)imiwd 'dircclory'. 

Word O l1f e. h 'directory' gi,vc hs kngth iri words. Fruin WOid 1 on are 'directory' cmrics. All entries 

have the same two word form.ic. The first word conuiins the the f1rst ·me· n;unc in S rxa IT. ·m~ second wo:rd 
cmuains the foHo ing fields: 

lmg1h uf the ·me· iu blocks ,(a block for a SAV 'tile' is W24 wurds long while a block for .l FI XUP ·me• ,is 256 
word Iong) (bits 1-6) 

1•ersio11 revision of M iDL th is ·me· bcln gs co (bics 8-17) 

hloek in the data base wh •re this ·me· starts (Mes 18-JS) 

The 'directories' arc sorted by strict numerical order (e.g •. AAA SAV53 comes bcfhr-c::· tAAA SAV53). 

F.ach data base cont.1ins a free storage tab'lc. ·n1is table occupies the socond 1024 words of lhc data base. 

The first word of ti c table is the number of entries in lhe free storage tabfe. The remaining e tries denne 

areas offrcc torngc. These arc of the form 

Ieugth • • block 

1,1,•hcrc ltmgth is the number uf bh.>eks for ti is free arc.,, and block is the block number at which it starts. 

There are t o major differences bctwcc rhc "SAV"' daca b,1sc and the "F XUP" da1.1 base. 'rhc first.deals 

ith bfoc:k sizes, I I t ~e ., SAV data base lhc bluc:l: i;r.c is l!024 words. In lhc "F IXUP O d, ta base Che b ock 

size is 256 word ·mis smaller i;,.c allo _ s for more compaction of these srnaH 'fifes•. 

The second m,\jor difference is ti at while lhcr-c ca be many versions or I.he same ·me· in lhc SAV" data 

base (e.g. NCODGE SAV53 and NCODGE SAV54). there can only be one version in lhe "FlXUP" data base. 
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This ' I be ll c f I XUP "lillc' mt $l roccntly ddcd. 111c con"C$punding SAV 'Hlc· for this FI XUP 'lilc" shuuld 

ex.isl to allow lhc SAV file to b~ updated f?r futuTC Mlll. «!Visiops. 

4.2 
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5 The Com1piler 
·n,c 1rnrposc of the Mm. rompilc.r is to transl'brm im.crp~u:d MDL code into assembly language. The 

compiler cumcs b1 scv,crnl incarn,alions for variou,s ·pu1]JOSes. 

PC OM P is a p rngra m which n..ms the •j nsc. lled" comp iTer - · th at is. the one w h ic:h Is mo!>t debugged. sup ported, 
~ind t1Lherwi.sc offichi.1. "l 1c ·p• stands fur 'pt t"Hlcd; incidcntnHy. 

r.,PCOMP 1s :i pr )gr-am which nms a newer. toss wclJ·dehugged compUc1r. ir there is one. NP COMP is often 
where dcvchipm.cm work ofm1c sun oram.uhc is bcin debugged. 

The •H;nch Ctlmpilcr: ofhm c.iHcd CO:.\t!M'I. 1tluush stdcU)" s;pcakb'lg the name .rc!'crs U) a different prngram 
( soc soction 5.2) i& u prog,rmn lhaL c:nin piles. at 1.1 ight. tlrns.c com i lations th al h, ,,c hcc n q ucucd fur i L 

·me rem lndcir of this. chapter dcscn"b'L"s the s1l=ilics of ·utcnl~tion with the cmrtpilc:r. m;lm.lhig .a section on 

its il~tc rnats. 

5.1. lnterfa1cing to the Compiler 

·11,c operation of U1e M l)l c-nmpiler is cuntroHcd by a t'bw vc y higlHcvd runctfarns and a wmctime; 

b-ewirdcring, ilf111y or ATOM:. w'hn~c values arc swh.cl cs .and data. ' 17ils cc1ion will describe c t.'h su~h ATON 

and its uS<:. The reader shou1d bear n mhad that in ,he nonm1 ca.<ic he will he using Co:-.m:1:r 'lo set 111> his 

i::ompilnLtons and ti u~ wn nol have deal dirccUy with these ATOM's :ind calls, 

5. 1 . 1 ~ Compiler Functions 

<: 1C OM p I LE sm,rce,· ftm[I km~ar:Jlfl oUlpW :chw1m:P 
is lhe IUW¢Sl level t:'.all to lhc compHcr. lt c::ompHcs Cl!;J!;Lly one FUNCT ON (ur a LI ST uf I.hem) and prints lhe 

gclilcralcd code cm thQ CHANNEL gi¥cn as the scc:-ond argument. COMP I LE is used prima Uy fat oompilcr­

dcbngging. 

<FI LE-COMP ILE i1u,ut:,m'ing ql/lnut:string> 

FI LE -COMP l LE am~mpts rn pro i.dt: a convcl'liCnl inre.rface bc·twccn U1c user and Ole compiler. ·nie user 

s~nlply gives FILE - COMPIL lttc name afnn input lilc. and iitean ch: an i:ihc resL "Ille user may spccir:)• ether 

inrormaclun aboul uucput fiTcs. compiler modes, etc .. but ifhe doesn"t. rca,;;onabf~ assumptiuru arc made. 

I LE - COMP I LE w.,ork:; In the following way. t,:'irst il re.id~ in the inpul file hd culli:cts inkl a L S the 

names tif ~•11 of 1hc:- defined FUNC IONs t.hal i finds. It sons this L 1ST ba-&cd on w·hich FUN CT l 0-Ns call 

which uthcr UNCT IONs. The FUNCT IONs whlch call no olhc-r F NCT lONs are at I.he cg.inning of the 

LIST, folluwod by those that. only c:111 FUNCTllONs th.:n c H ~u udl.cr FUNCTIONS. and so n. Groups. of 

FUNCT IONs ·w.it arc mutually rocurshtc are coJlectcd in LIS Ts subordinate tu the maiin L 1ST. 

5.0 
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F .. uch FUN CT I ON will prtlo(Ju~ a separate Fl SUBR. COMP I LE i c ·1Uc-d -:;uoccssivc1:y o ca.ch rncrnbc, f the 

LIST ufFUNCT lONs. L lSTsofmuluruly rc-euf"Si\'C fUNC IONS arc ;,\ISO p~,: od to COMPlLiE . . 
fl.fl.er em:::h fUNCl I ON 01 L 1S1i of FUN CT IONs is compiled the ~sult:h1g RSUBR is rim:n inlO a 

Lemporary me to c11(1.blc more eom•cnient crash rocm·cry. Thi file is - ritu:m in !.uch a way thaL no matter 

when the s stem c~ •shes., the cont.ems. uf the ~mpun1ry file arc g:m~ramecd to be in a consistcnl slate. 

w he J1 • II is. compiled. 'F I E - COMP 'ILE w ite:s: 011 l ni, OU LpU l nic which is id¢n1ica 1 to the ill pUl file CllOCpt 

!.h.-•t ;i\l F UNCT I ONs h .. wc been ~plm::c-d !,l,•ith their compiled cuuntcrp::11tts. If any uf lhc FUNCT ON:S di.d nut 

c<l mp1h:: d1.u.: 10 pmgr: mmc.r emirs or cmnpilc bugs. Lhose FUN CT JONS re ten. unr:hangcd h, the outpul me. 

During its op ration. F lLE - C,0,dPILE 1nn,nt.a1"1'1$ a "R CORD" Fil<: wlrlich crnnahu ~n of the tncs.<:agcs. 

,;,.•urning.,; unJ c·r1·or mc-.'i ··1gcs pr 1duced by t1,c compiler. iL m,,y UDliuo:aU}' pn>ducc u lh.&ing ufthc objci;t oodc 

prn<1.:hccd . in M111 assembler fomH1l. Thi is p ·imafly usclil1 for cumpikr dchugging. (Note that a somewha.1 

less et mpklc lLting may be nmdc :-it a later time. Sc,c soc1ion 1 .3.) 

On fTS. f I E-COMPI E usually runll as a dC'umn called COMBAT ZONE. h1 thi-s case amuhcr interface 

!;ii.lied F COMP resides: above F' lLE-COMPIL • ' lllis \nlc.-face rcllds tile th. l Df compn. tion spccification-s 

and pas.c:cs Lbi;:m to F ILf-COMPILE. 

< f' COM p % l NC •IAN &ww·Ok ggupu,Nif,> 
As musL compiler usafi(: is based tm cm.m,'\T p1a11 fi1 FCOt"IP is the 1noI.t· scon dri er of lhe coinpilcr. (Note 

Lh.a L the X hl front o . I NC HAN -au.ws the CHAN"'! El the LAN file is being h?':id fl'om lo be passed as o c 

al'.gl. mcnt lO F COM p .), 

<STATUS> 
iis an inft1m1atlnna1 furn.·tio-1,: irt tells how Far- lhe ccmpih:uion of a given group has progressed, which 

UNCT ON i:s b-cing worked on. ancl how many fUNCT I 0Ns remain cu be cumpilcd. t also pri:nm the 

a<;cu nutated real time and cpu time ·inoc the ~ginning of the .::ompUaUon. Obviously, you mus tG the 

,compibi.Uo11 to use it. but si:e SCCll.ion 8.3. 

5. '1.2. Comipile·r Switches 
"Ille calls to lhc v;:irio1.1s cmnpikr drl\lCf'S me roJthcr sl ore. rar Uic siirnplc ma.wn that 1hc cumrolling 

informaLion is pusscd to the compiler as the VALs ufa set or ATOMs. 

I ntcrfaci ng to the Cmnpllcr S.l 
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<SET DEBUG-COMPILEJ- boolean> 

(by default ALSE) c.,11..rncs lhc compi1c:r to generate- extra. i111fannatiQ11 about whal i(s doing. ·n1is information 

Is i the fom1 nf 'w min,g,s· prndurod when the cornpUpi" was forced lo gcncrmc lt?Ss than optimal Clidc. For 

ell.a1n,ptc, invocations or tltc ;:wltl mcli'c SUB Rs <:an he opcn-compikd if the vari:ahles used can be detc:nnincd 

l11 c c,u :fo ivcl~• FI Xe The debugging con pilcr will warn )•nu if il -s nm:::-aed lU rcsar1 Eo lc:.5 cfficicn 

mi.chm ctk cal l's. 

<SET PRECOMP I LED! - file;suiug> 

Often. a Ille of FUN CT 1·0Ns has b~n compikd trnfm:1e. and f\pw only a few F'UNCT l ·ONs h,0"c been updated 

tcf'ul tu recompile 

the en1i1·c 1hi11g.. Ira PRECOMPILED is gi\'Cn. lhc file is h~1dcd before cumpifation: ;111y f1111clio11~ which hnve 

orrc~lll1Hli11 RSUBR in Lb~ pre('Oltl('lih1don, :md hich .ire n ~• un the HEllO lie t ;ire 1t11l rcr.umrilcd. It is 

appmpri,1tc to . pccify tl,c temporary file ;1s all prccrn11pilaucm i r }'m,r prc~·im.1s cmnr,ila.thm was imcrn1J)tcd b)' 

a sy&tcm cra.c:h. 

<:SiE REDO I - {ist·o.fatvmi> 

REDO ls a LI ST ur fU~CT ION n.-i.mcs lO be recompiled. rc~1rd]css of whether o:r nm. they :ue cmnpiTcd in tJ c 

prccompifation. Jn conjum:tion wil.h PRECOMPI D and PACKAG -MO,llE, REDO anuws c111npilati1Jn of 

prcciscl,y those UNCT ON uhich ha\lc been changed since the last compilaLion. Note I.hat COMI-JA r wm set 

up 1,hcsc '"~dues mm-c•'1f•lcs nuumaLicatly in mllst silualions. 

<SET PACKAGE-MOOE I - siring> 

'hi!i sihu 1d be the name of.i PACKAG,E., whicli "s llS!>umcd lo b-c the PACKAG bciog, cmnpilcd. FUNCTION 

names in t!hc REDO IST will be loukcd up 111 the appmpriau::: PACKAGE OD LIS s ]f thi nae; i sc lhc,rcby 

saving SOP'IIC 1yp1ng or Erai1ers. 

( s 'II' T E MP NAME J - fife: srri~> 

The cump,iler wrilCS inlcrmedi,nc n:sulc; to lhc lcmpo.rary file. which is normally I.he fHc ~s11Qm ;fj_Jm >" on 

rrs. whcrefnm i~tllc first name ofUlc inpuE file. It isra:rcly (H"cvcr) ncccss..1,ry to c:hangc lha~ dentult. 

<SET SOURCE I - ./ift!:~tr-b11:> 

Se:Lting this swhch c."1uscs the compil'er tu wE"i~c out the asscmbkr rtpin it ccncrnles. This 1$ sometimes useful 

fuli cnmpUcr debugging. On rrs, Sl11:h mupul nnrmally ,gucs u, "suame;fimt SO'!JRC'E ~. where film is the 

lirst name nfthc input fite. 

<SET SPEC I AL I - bool~n> 

· lie campirc normally assumes thfl l v1ufab cs which al'cn"l db::hm:d SPECIAL aren't SPEC Ii\ . "llli:s means 

IJUll they wiH be a\lailabte only tu Lhc RSUBR i11 which they arc docJared: SPEC lAIL "'• riablcs are bnynd on 

the conLro! s:tac , just a aiH ·w,riablcs arc in imcrprctcd code. lf !.hicS fl.tg is T (by dclhuft AlS ), .11 vmifables 

wU] be asstimcd to be SPECIAL unless dcchrcd ol'.hcrwise. ' l11is ls an.irogous td SP£CIAL-MO!JE being 

5.1 tmcrfacing tu the Compiler 
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SPEC lAL. and il is 1u t n:.-ccmmcndcd that ny code be written using this convention. 

<SET 'EXPFLOAD ! - b;;Jatean) 

If true, F 10Al!ls in the file b,c~ng 001npUcd will be cx.pand-cd at load time~ what was FLOADed bc-fure wm be 

treated asp rt of cl,~ file. E XPFLOAD is c~amincd by GIROUP-LOAil, - nd not the compi'ler ttself. Tlle default 

FALSE. 

<SET EXPSPL ! 1CE t - boolean> 
ff true. objects of t:,,p~ SPLICE (pl"iimtypc L , ST) which :ne cnc:ouortcrcd in the course of EVALing (he forms 

processed b)' cm,OUP-LOAD wi b~ spfo:cd directly into me g , u.p: it. iS lhcn:ifore a 1<.n lih EXP FL01AO. 

[XPSPLIC i c:u1mhicd.by GROUP-LOAD, and 11ot the compiler iL...clr. "lbe dc1"1uh I 1.hcrcfon: FALSE. 1~ 

only known u. c hr1s he •n lo m :ikc runccions ti Jo;~d time ;1nd hm,.c ch~m eaompilcd. 

(SET CAREFUL!- borJl,Mn> 

llcfaults lO T. 1 f" FALSE. tlle 1.:ompilcr wUI 11mit mma uf thc buunJtN;:hec-king code iL r1unnaUy gcnCr.llCS for 

NT Ms. PUTS, ;:ind su un. •11,is ubviousl wHI ma',;c \ie comp1kd code un f; stcr. but also nwkcs dcbusging ti'ie 

compiled code ,icnrl impossible. 

<SE , R A.SONABLE t - bool.ea"> 

Dcfauhs lO T. :If FALSE. lhc compiler will generate rcaso able ode 1mly if e1rf'rythiug 11~r called from che 

functions bcblg cnmpil.cd i.s !cmd~-d into the Ct}rnpifor. Ac II tu a function not lo~,dcd prochu;cs. an EVAL of:i 

1fOlilM, tl:lc11Cby ensuring ihm sucl1 con. tructs as ''CA L" ~n lhc caned functim1 will work eo.rrcc:lly. ·n,is is 

ndmhtcdly pretty un.rcastin blc (if ntit pimmoid), whence the itamc of the switch. 

< SET GLUE! - bO"olam'} 

Llc r:auhs to T. Ir FA SE. the cnmp ifor w m not generate GL u E b ilS. As you al.ways ilnt GLUE bi is, me re is 110 

reason to .t"'llerchangc Ellis. 

<SET MACRO-COMPILE I - boo/Mn> 

Defaulls to FALSE. If , on·F A SE. the coinpllcr will compi:lc Ml'ICR.Os into RSUBRs. This docsn·t change 

,rn)'lhing produced by macro c:tp::msions. but d~ c:a e lhc ~xpaajl!0n ,to speed up. Since rhc contpHer 

c:,:,p rule;; the ma£ ro and Lhcn comp lies lhc c:ii pans.ion chis I rarely useful 

< S E"l MAC R.0- FLU SH! - bo<Jle-a11> 

Dcfm1hs t.o FALSE. Ir rnoaTr ALSE. Hl\CROs which ap~ar in the file be' ng compiled will not appear n dle 

r('SullillS NB IN. 1'his saves space. ot the c;i;.p1mse urmati11g deb 1ggill'lg harder. 

<SET MAX - SPACE I- bQolean> 

Def; ulls to FALSE. If aon-f'A SE, Lhc compiler (lushes from ~ore most of each RSUBR once it has been 

comp led: only the DECL is needed n, 1· clp compile olhcr funcc.ion."i. Since the entire RSUBR is wFittcn oul in 

the temporary me. no infomiation is losl. lllis can. for co.mpilations which are 100 ,arge,, result m 
considc,r.iblc· improvements in speed, primarily bccn:u_sc more space is a'i'ailabk: In the MDL and less rjme is 

S.l 
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spc.nL in the garbage cullcc-tor. 

<S, T HA I RY-AN1ALYSIS I- boolean> 

Defaults«> T. If tMs is not $Cl. lhc t.'.'Ompilcr will nut perform the compfex. type checking it us;ually docs. If 

HA IRV-AN/I.LY SIS J;s FALSE. the code w·n be generated faster. as typ~nnnlysl:s Is c;,;,pcnsivc, but ill not 

el\CCUl.C as fast. 

5.2. COMBAT 

The usual method ur dc-c1-llng wich the tt1mpiler isl rough [he pmgrnm COMBAT. whose spccia.hy is tl'liC 

prcparntimi or·ptan file • to be loaded by t:hc et1mpi1cr. COMO I is pmgrnm hich knows aboul c.ich oflhc 

prc,•iously dcSl.:rihed cnm1)ikr witches am! the intcmc1fons among them. IL has. :m c :y-tu-1..1sc imcrfhcc, n 

nbility tu .scurc co,n, mdy 11scd "pion l'i!cs' as compila1im1 typm·. and in gcmcral is designed lO 1t11l:c usiog the 

Mul 0111pi er a lCS::!~c-umhccsomc task, 

.5 .. 2. 1 . User interface 

COMB!,l'"s u~ imc r.~c Ii. p~ucrned a!'t.cr. ~hough not idc1uic-·1I tu. a CAL lCO intc1·n.1~ U ]. In pa "tic:ufor. it 

expects in respon~ o 1iny gh·cn pWmpt. part:icular tyrie or input from lbC lH,ci:-. which nay he. file n;:imc, a 

'symbol\ or ~cxL ,.lrdina ily, t.he l~pc- uf 1npUl expected is indic,1,tc~ b:y ll~c ·syntm:tic prompt' which fuHows 

SPEC)", ' ( SY M}'. and ' ( T E X T )". ' llu:~ , ·11gglc vc rbn ; ty• c:nm pi lation 

type u.1rns the printing of Lhe synun:dc prumpt on and off, and causes a t.:.itkir file t be wriucn out when us.eel!. 

A nu mbc F nf" spixi 1:1 ch r.icccrs arc dcfi ncd for any of lh~ • ypcs of in p ul 

-r D: Rcdl:spfoys th~ inp1.1t b ffcr. as in MDL 

-tL: Clears me sc.rccn :md rcdisp1ayS I.he input bufTcr, a~ in Mm ... 

1"G: When given as the tir..1. characl.Cr of mi answer, aHows om~ co gel the answer from a uscr-dcfJ:ncd type. 
See the SC"cliun on tailoring. 

-tQ: H.:l!i sp-ccinl dlb::£:S whClil a i:::umpit.ithm pl n is being rnn.dc (sec below). Sec also the sc:ctiun un file nnme 
input. 

1'-R: C.iuscs Col\.mhT m 'h11ck up'. Typica ly chis means go to the previou-s question asked. IHI[ in certain 
1nndcs ~l may ha c. sligl1t1ly d- ITcrcnt cfToct. When a MUl)COM is running, lf fa ill it and b cks up to the 
last question aS:kcd. 

1'S: Abn11rm,,ny c11ds whatcvc·r i being done, and return to the 'Type or compilalion· 1.11.-stion. If a 
MUOCOM is running, 1 · wiU be iHcd When a long compib.1linn p)an ('How ,lo run' is Many') is being 

5.l hnierfaci11g to tlrn Compiler 
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rrwdc. the portions alrcad;, m.idc will be saved. Sec the •Flush many' rntnpi1ati.on cype. 

7~ When gh•cn as dic tir..t ch. rnctc uf an L1nswcr. lhlrs c-auscs. ii rnore dct.1i1cd description of what is expected 
lo be priHed. along with [he current defaull. nd how lo obtain IL 

'\: 'n1i:i quolcs whatever charac1.cr n1nows it. including DfL, ESC. ClC. It docs rJol h,1vc lhc effect or quoling 
st·nmgc c:h1lr.t<::lers. in me nomc·~ sec the scc1 11n on nlc m1m1: ir1pu~ \, used a . a quo[c d·m.ructcr .. never 

cchOC"S. and cannul be rubbed out. 

In ,tcldithm. when the syntactic: prompt is ( SYM), 1" Fis useful (sec below). 

5.2. 1 . 1 • Symbolic input 
Ir ycm urc l~nniliar witll CJ\ CO. his. scctim, c,.u probably be skirir,cd_ · hc111 cnte,-ing symb lk: input. 

o,lc ncod only irpc ihc character., ;-equircd hl uniquely . rieeify the desired d'loic-e: the lnie race wm complete 

Uui rc-spi ns.c. 11nd iii ,iddition c.i•• di,;.rlili llw ;ivail',d,'lc choi cs :u my po~nL 

SPACE cornplctm; the rcsp11nsc as. f3'f as i c n , Ir Lhc r sp·onsc i,;; 1..miquc y f.pcc1ricd. it~ m be displayed in 

its cutircly. fallowed by •t'; ifmui:-c 1.har, m1e choice is Slill pns.sib!c. then the ptirtit'm 0F1.hn$ choices which is 

unmrlbigu<)usl)• ·p1.·dficd wm be displayc~. fi.')llowcd by ·g.·_ roE" ins1arn:c. ff "E:\iip;md fliu ids" and "F.xp"nd 

spikes· arc .;imung I.he dmiccs.. and "Ex SPAcf· has been t)'pcd. "Expand &" will be di:.ploycd if the Ex" 

reduces rhc choices to t.ho&e 1wo. 

In me c:is.cs. if SPAC is the fir:.L cham1::lcll' typoo, it will select the dcfin1h. ,(l'irsl.) choice m1d tcnn·nate. 

When -,: F lYP1!d. a11 remaining i:huiccs ill be diSplayed .. 

To mrminaw respon~c-s in Lhis mode. cith~r ESC or CA F may be used. In e·thc~ case, the current 

tc;!:pun!'.C is com ple[Cd 3.'i far as il can b lf only one chofacc I.hen remains. [he answer· is ttmnhrnled and the 

single dmice wm be used. lfmnre tJrnn un choice is possible, it i justm: if SPACE lmd been lypcd. 

Typing ESC or CRLf before any OLhc chnrac:ror-s have be:cn entered c;1us.es 1he default answer to be used. 

5.2. 1 .2 File names 
Ah: names .ire c pc-.ctcd in lhc tandard de:\': 5mrme:fl1.amel fiumu.'2 fonmu on l"I : on TcncJ1./"l"OPS-20. 

standard file n ,ne reeognit.icm !:S used. 'l'ypicaHy, r.ypinll, simply E SC ur CRLF answers 'nn• tu the question. 

while SPACE ESC say~ 'use tile deraull'. In certain Special c;iscs rln·1ml file" nnd 'Output file'). when smne 

answer LO the question is. imper tive. the dc:Fault will be used in either case. File nmncs shuuld r1ol be 

Sittr-rcuridcd by QUOlC'S in U1.is rnod.c; diey are nol Mm. STRINGsl 

COMHAT S.2 
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It is nnhcr painful to gel fonny charac-~crs {such as SPACE) inlt> t1tc names. When the filc·n.1mc parser 

secs a 'l'Q. H uses I.he following ch.amctcr in then me being gcncr::ucd rcgu dless. Unforrnn.itcJy, Lhe Q must 

be quuEcd w get h pa,s1u me reader, sin~ h _has Special effect.~ in the mmnal case 11rns. the me name given to 

MDUtS "TAA: FOO >~ has rn he typed to COi\ HAT as TAA: Q FOO }. 

5.2.1.3. Ted 

Tc-Mis just that.: refali~•dJ• arbitrary characters. tcr:mi1mrcd b}' ESC. Since CRLF sallowed in tcx !... j 1t docs 

not u::rminau:~ input. 'oxc type inpm is u.sed inn numbm."ufcascs whcr"i:" it isn"t quite: ap,pr-oprfat~. s.u~h ~s !he 

'R~do list• and 'P,u.J:.;;igc mode" q1.11:stio11s. IFit is known th.it the c:i1poctcd ~-ponsc >s a LIST or Si RING, as 

in chu~c eas<$, U1c npprnp1·ia1.c hrm;lcts ur quou::s shuurd nm he ty~d. 

5.2.2. Com bat Questions 

· 1,ls sc1:ciun di:::cusscs uhc quc 'lions lhat can be asked (lr[hC uS<:'rduring u, prep 1rntio11 nfa Cn:o,,rn T plan 

me. whtch i FLOADcd by tlic Co"'rnl\.T dcmion or hll PCO.MP tu effect :i cnm1iil,uio n. ·nm perceptive wc.idcr 

wm IU>ticc ::i :slm11g rc.scmbl, nee rn sec-Lion 5. !.2. In which u,c witches r-cle\'" nt n, the campll~r arc Lstcd. 

Oucstio,,s ' kcd b}' u,c prc·c:idsting c mpilalion t)l,Pcs ("Verbose· 011d "Short") are u indh:mcd. AH qucs1ions. 

m-c available in 1scr·dcflncd eompil,1tin1r1 type (sec s~flon 5.2 . .S). 

'Smunc : s.ecs lhc dcfauh lircccory 11 r qlicstions Urnt w,m,L a file name as an answc;;; ar u causes the FORM 
<SNAME :mtrme>. where moml!' is 1hc • lilswcl!' given. rn be iucl dcd in the plan. ·11frs Sc5 the dcfutdt 
directory for fifos rnfer!l:lnccd by lhc Ctunpilci::, it also cm.is= the LC111.1pumry fUc (sec below} to gu tn the 
sname dirccEOI)'. 

·use new c-nrnpilcr?' (VcrbuS<: and Shun ; spcc.ifics whelhcr the •new' compiler or lhe •old' compiler should 
be t;1scd. Often. when lhcl'c i only one compHcr. lhis q 1cstlon wirl nor be asked ] f i nswered 
.iffirmaci cly. it causes. the FORM 

<OR CGASSIGNEO? EXPER MENTALt-> <NEWCOMPr->> 

to be included 1n tltc plan. ·n1is FORM win lo.ad a .11ew crnnp1!er (.In tup of lhc old If necessary. 

• cb11gging crnnpilcr1 (Vcrbi1 ): causes DEBUG-COMP I' I - robe set co T, which causes the new compiler 
tn gcncr..uc C~lrn infunntilinn about what IL•s d,1ing. This curn:mlly is asked only iF 11.hc ncw··compiler 
question is a u,swc rod am nn,odvcly. 

"lnJnn from· (Vcrh11sc and ShnrL): the life 10 be compiled. llds appears .in two plm::e-s in the plan: as 

< SE' T G COMBAT ! - iJ1pul-jile> 

aud in th c c:aU tu F COMP dcsclibcd below. 

•outpu l lo' {Verbose): the me name lu b-c used f1tr lhc NB I • 11,c default ~s Ole input file name, w·ch NH IN as 
Ute SCC'iJnd file nnmc iustc.id orwhatc..,cr it was for the lnpu1.. "fhis completes lhc c II lO F COMP th tends 
every ptan: 

S.2 
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< FC OM P ¾. INC MAN inpu t-fl11!' output-file> 

"Jllis. call i. what aolm1lly i1:wo\:cs I.he c?mpiler. 

"Ille MUI . Progrnmm,ng 1--:nvironment 

"Prcc:rnnpil.ation rrum' (Vcrbu-~e): specifics a fifo cum inin,g a prn\•iousl cumpikd version of the inpm file. 
uy UNCT IONs which have c:orrcsp-onding RSUBRs ·n the pirccompilntion. nod whkh Me not 1m lhe 

·ttcdo" Hsl. arc not recompiled. his approp • tc rn spcciry Llrlc temporary file a a prccompifation if y,Oi.111" 

pre\·ious compilation wa i1Ucrruptcd b a sy tern as.h. Scis PRE COMP l L D L -. 

·cnmpa :c with' ( erbt s.e): This question is .iskcd onl;• if pr«:umpiluthn, flh:: i specified. 1r answered 
nmm .. ui\'(:1 (user lypcs either SPACE ESC nr Iii~ 1mmc M UC."OM ,(:;;~ =fun 8.1} will be nm with jc/ 
or ~he inrnt file n<11nc. ;md lhL:" tile nmnc pr,o,•idcd here (lhc dcfi1 h is us for pH;:c-01np1la1iun). plus some 
c;,;,1r:i s.tuITspccincd bc!uw. 1r· 00 N.BIN" i5 given here. cl,cn urxuM wiU loo fiw lhc newest rm·i:sim:i 
o FOO which .,,., 1:rc, t~] bcfi,~ the NEHN. MUIXOM dctc nines whii;:h UNCT [ONs in lhC file have 
!:'11:11'!.g d ,md 1hc~forc flccd u1 I~ rocmnr,ilcd. h 11:.o dctcnnincs whc1hcr the me i~ n PACKAGE. and 
am,wcrs. lhC' "Pm;k·1se 1111odc" u~slion ;1ppro1wi Lcly. I io: 1.hcrcl'hrc mu ustrn11t nci;;cssary fur he us.er 
m1~wer U1c ·Rcuo· ul'ld "Pjickaig mode" quc. th11:1s dir,ccEiy. 

"Check mat;" mT (Verbose): "'"kcd 1ml)' 1f•Comparc will'I. is answered .imrrmnh·cly . ·111is adds" /M. tc Lhc }cl 
P•i"i cd l wnco I , hich CilallSC . it M chC'Ck for r.!ACROs mu.I MAN I FIE STS .... Nch hm,·c i::h:mgcd: ff a 
FUNCTION tdses l'o'IACRO or MA,N FEST which ha ch:mgc<.I , 1hc UNCT l.ON v,1ill be fom:-d :ls changed . 

. M UIX"(H,1 tines not nunn 1Uy chcc k ror th is. 

"Ex tr-.1 JCL : ( crbnse): a1;kcd only ff Compu with• is mu.wt-red ammwti,·cly . Whmcver b: suppllcd hQTC wm 
be passed to MU 1 >O ·M as jd, before th~ m cs ln compare. "111i!i. can be 1.J scd lo 1oad mucru f'i'lcs: sec scc:ci I\ 

u. 
-Redo" (Verbose): ,skcd uuly ir a pr<:eumpi1atiun fil WllS gh•cn. Takes a buncl, nf fUNCT ON ·lllarnC'S. wh.ich 

wUI be rocompilcd . Nole th. t ll\ic names supplied here will be appended lO the list returned by M OCOM, 

ir any, wtt! lh, l dupHcat'oris in lh<: list arc ignored. Scl:S REDO 1-. 

' Package mudc" ( crnosc): .is.1':cid ffa prcc:urupil:ition file was given ;rnd MUI ' (YM Wi'l!i not nm (MUDCOM win 
set this if run). ' Ibis shu dd be the n.imc or ::i PACKAGE. hich is :1s;SJL11n~d to he lhc PACl(AGE. being 
compiled . UNCT I OU names ill Uu: "Redo" list win be looked up 1n the ar,prnprl tc PACKAGE OBL I STS f 
this f'I i .'>Cl. lhc ,cb ll S<I i ng SOIDC t;,•ping or lrn Ile " S-c IS PACKAGE - MODE I - . 

'Tcmpam;y rile w': The compiler wriu~s intcra:ncdi;Uc ~suhs to thi.: L~mpur.:i y file. which i, normaily 

":s,ranw ~Jlramrd ) " on ITS} 
" ( s11ame> ; Jj_UVUt!. TE MP" (on Tc nC>i./" 1 '0l-1Sa:ID) 

Yuu m_ay c-himgc that by 1mswcring this question; there is rarely 

T EMPNAME l -. 

good rca.St')i'I to do so. Scats 

·source me to': ·n1c coin pi IN can be ca 1scd to write mn the asscmb1crr inpul it generates by :1r1swcfing lhis 

qucstkm. .i\sscmb1cr oUlpUl nomrnHy goes LO 
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"s,1ume";ji1amel SOURCE" fon 11'S) 
"<sna111t>> ;fiwmc. SOURCE" (on TencxfE"OPS-20} 

which is Lhc dcfltuh for t111is qucslinn; ~mother name may be pmvidcd if dc~ired . Sets SOURCE I -. 

"Special?': 'Jbe Ct npiler nomrnlly assum~ that v rij1blc:s hiclil r~u•l 0 C cl.I SPEC AL arc1{l SPEC r AL lf 
Uiis nag is T (def.ml( ru FALSE), aH · ri1.1blcs will be assum'X'! m be SPEC iAL ucnlcss declared tHhcrwisc. 
Sets SP.EC lAL J -. 

"F. p;md n .id ?": (Verbose) [f tn1e, F 0ADs 111 rhc file being i.:0111pilcd will be c:ii:.panded :H load time. Sc-lS 
E XPF LOAD! - . 

'F'.xpand splic-cs?": rFtrUt';, objCA:.:tli urt;1pe SPL CE (P IUMTYPE LIS ) w 111.>c- cxp::::mdc<l and inscrtoo into the 
gruup. CL<.: EX PSPL 'CE! - . 

'C:.ir~l'ul'f ; ( Vcrbuse) B1• dcfoult T. but I FA SE. the ct,mpilcr ,..,UI omit nu1:;1 i,f the: buunds~ch1:cld11g ctxk iL 
nm·mally gcn<:rntcs for NfHs:, PU Ts. ;1r1d -o urL ·111is ol1H ' itH1. I) wiU make the 1:11mpilcd cmk run fnsLcr: it 
r1L'-t1 m .kcs debugging th 1,;oiupilcd c 1dc nearly impnssihlc. Sc-ts C/IREFUL! - . 

"Rca~mablc1" : Hy dcflwlL T, bul ir FALSE. the ci,mpilc ill genel".il~ reasonable code on y if c~·crything yo1..1 
call from th functions being compiled i h.wdcd imo the cumpi?cr. CL<; l?f.ASONI\BLE I-. 

'Gluc?·~ ly dcrauh T., but if ALSE, Lhc compiler"" ill nm gc11c nc GLUE bits. 1u~re l<, 110 guud reason to 
l.'wr , 11 wcr this. Scis GLUE f - _ 

'Macro compile'!": Hy dcfaull FALSE, buc ·r Erno, lhc compiler iU cumpih: MACR0s. Sets 
~ACR0-C0MPILIE !-. 

"Ma rn m.1sh1": lly dcfoulL FALS'E. bul if tntc. MACROs hich appe:'lr ii Llic: file being cnmpHcd will not 
appear- in lhc NO N. SccsHAcno,-Ft.USH!-. 

Malt 5pacc?'; Hy def a uU FALSE . but ff lruc. th c compHcr 11 ush~ from core mosr of each RSU6 R once i L has 
ccn compiled: an Y the DECL is ut"Cdcd h> he'lp cotnpUc uthci.- funclfons. ·nliS can, for cumpilafLons 

which an: very large. rcst11E jn 1:(mScderabh~ improvcl'!'lcn in speed. Sets NAX-SFACE r-. 

"First 1.Mngs l do", •·n1iRgs co do" (Verbose~. nd ·1 _mu d1in_gs. to do· ~ lt frequent;· is ucccssary U::i pcr-fnrm 
some >Cli ns bcfhrc a compilation c.1111 be 11.m; dctinitions mes must be lu;1dcd. special cnviro1rn'1cnt SClUP 

might h ~c tu be perfum,cd. :ind so un. Ail three or ili~s:c qm~stiuns arc designed to ~no 1h.at: wh 1ever 
you ppty is puL out allcr C\·Crything else in Lim pl,m buL before the c,111 to COMP . "here arc three 
q UC'li ~i 11 n,~. in s:tcad of mw. tn lluw St ,me thin gs: u be s1u:ci tkd in il tHi In red ~.i mpila ~ion 1yp c, w hi e olhcrs 
arre prnvidcd .rt compitc lime, or pUS:.ib y rmm anrn,hcr uiilurc!.I ry p{". ' 11n• thr~e quc~t urn, dn nut dcpC'nd 
on coclrt utlmr; hey arc asked in the nrdcr given here. and the answer.,; "lll')C:ar in th~ pbn in the same 
order. 

5 .2.3. Requesting Compi lationa, 

The first qucsdun ~sli:od by Cor-.m11 is Type of compilation·. rn nddltinn lO a number of spcdal 

pos:sibili~ies dcscr·bcd later Oler~ are two alilswcrs tu thi question (in ddltion w any provided by the user 
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lhrnug'.h the tailoring fodlity) which request pra-dc'fincd i.aUurcd cornpil tion types. 11 csc re "Verb sc· and 

·short·. 

'Verbose· c-auSC's aH the normul questions to be asked~ ' e compilcff. ·tnput file' .. 'Prccampil,uion·. 

swilcb-c:;. ··n1ings to do". and so on. 'Short". on the mbcr h.ind. dcfr uhs the answers lU ~11 questions e~cept 

cw compiler?'. "lnpul file". fllild 'Hew m run•. 

When rcqiu csting , comp ilatin , one ma type "r-0 1u ;i ny tim(!. Thi h.i the am~ i m mcdi:ne: c ffcct as an 

ESC. but in ;iddition causes all questions between. the tu1c jusc answered and the ··n1i gs co do" question to be 

defaulted. ' l1is is particufarly t.m:ful in the ·verbose:• sequence ofqucsrions. 

IT· :h,ny· wa sh·cn as "How to nof fh, 11 previous cumpUnuon request . .ind lhc resulting pfan has 111ot yet 

been wriucn out, \lb cqw~nl plan~ will c appended m it. U sing ' M ny· will ~omctiincs effect a major 

sa11ings of 1lmc if !'ic:vc,:al co111pilations wish en pcrft")rm u,c s:.."Ln1~ c1win nrncni.il scmp: if the USE many of 

Lhc me f'ACac;.AGE s., fur cxamp ' . When using M I y· in cumbinotiim "'ich pr-cdcrincd coinpflrnion lypes, it 

is 1sct:ul m rcmcinhcr th L wh,uc r i. specified tr11 er 'Things LO o· m y c,,d LIP b1: og pcrfi1m1cd fur each 

plan. Yau mighE modif ),'our ccnnpj,ati,,rn types to reflect this. or ahcrnali\lcly, c-diL the p1~1n me produced by 

COMB/\ r ro remove redundant npcr:a:t:ions. 

· n1c rmlJ• "''HY to gcE nd of the 'Mnny' phn is EO answer ·M.iny nush" w the 'Type· q~1cstiun. Typing """S or 

.1nswcri11g 'A on· to the 'How m nm' question will abon the currcm p nion oflhc 'Many· cumpilatio11. but 

not the wh le Lhing. 

If ·r,.fany' was, nlistatcn]}I gi :en as "How to run'. a.nd yau don't wish to destroy the pkm you have 

gcncmtcd. it is poss:ible to (in =<inoc) go back to dm "How to run• qucslliofl by answering• Many print• for the 

compi,:Hion type. h1 thbsc.asc, Jou arc nm back in lhe plan&making 1oap; tR ac:tsjus.t Jike: 1"S. 

't R. her-c, backs up 1iO the 'lasr quc.stim1 asked. ·11:ic~ a..-c Lwo qualifkations. Fir.it. if "l'Q has been typed, 

Lhcn iL backs up to lh~ lm.t qu~ti on Lhat mdd have bec11 ask•cd i r 1' Q had nUL been typed. Second. the fm.u· 

questions "Prccompilal'ion\ ·compare·. ·Rooo". and Package mode· ar-c t!reat:C'd as a grroup: ff the ·P:i_cka&e 

mode" q ucstion has no ycl been a nswcr-cd, i is :POSSib le to bad: up no1m ·illy: but o nee Lh.tt qucstio n has been 

rim,wcred, bm:kini; t p w h wiH go t.u lhi: tir.n member uf Lhc group, "Pr0c1Jmpifatian•. 

~ G· alto s one ICI obtain the 11.nswc:r to the current question from any uscr·<lefilncd com pitation t~ pe. It 

requests a type name .. and uses die answer or default supplied tlrnrein, printing lhc informn.Uon so obtained. 

The -rG must. be t)'pcd as the first character of the answer for this ro oocur. 11lis aUows one co use parts of a 
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defined lyp-e w•ithom either u~ing lhc type itself Oli riltcrtng it r, r the oc-casio:n. Fo Tclt.C type- inp t (such as 

~11rings tu do'). the slrlng $ placed in Eflc inpul 1:?uffcr but nut cumple1cd, so iE may b~ cd1led before :-m IE SC is. 

t.ypcd. Sec at o the 'Xemit Lypc· comrnand •. 

Nute that there is .:i distinction made between 'Comp re· and "Redo'~ the fonncr causes a MlllX-OM to b.c 

run. anti the Jattcr asks ror the names f FUN•CT I0Ns w bi: mcompilcd. rt is pOS,1,ihrc to d bo1h, in which case 

I.he t-wu groups of 'FUNC IONs , re appended to form the 'Redo· Hst for Ulc cumpihllion. Note atso that if a 

M' OM lrns be-en nm, the ·Pm::k:ige mode' question wm IHl:t kc.d, sini::c the ans er is supplied by the 

M tX:OM. F .. ilhi::r -r fl· or 't S may be used h.> kUI , mnning M OOOM. 

One ur u,c ~spon~ to 1.hc •] h1w 10 n .rf question is · Abort'. which returns dircc:1ly tu the 'Type of 

compi la lion' question wiU,uul \vriling um u plan. swning u1> ;:i PCOMP. rn· m1~ thing ~lsc. I ~ cffi.::ct is c.11.ru::E.ly 

llrnt or :1 1-S. ln pnnlcular, ff you re mriking a long plan. tm1~· lhe p rt:ion juSJt 1;umpk1cd, 1Jol the entire 

cnmpilatiun. will be aborted. 

h is .ii ·,~ p~iblc nt the ·1 tow lo run' qucs1ion 11 supply ;;,n nnsw(:r En any of th~ 1.:nmpi~11tion questions 

1 lnpUII. 111c. ClC.)i. '11H: "Question' response asks tor the name of question. II en s tl.1al qucstio n. I'\ ny 

number of questions c;:i1;1 be :iskcd 111 mis mmmcc. one al a time. Thi. ls pa11icularl~ useful fur filling in the 

bl.mks le rt bJ ;i 'Shor( type com pi htio n. or by 1.tsc:r•d~fl ncd comp i la inn types. 

Whc I cumpil, tion rcqu~ has been finished, COMH,\'I" iu,nn lly lnops b11ck to I.he~· ype nf"compifotwn· 

quc:<:tion. bul c-h,1t1gcs the dcfilult from ·verbose· to •Nfmc' {me.infos 'Quh'), unless anuthcr cumpi arion may 

rc.'lson,1b]y c capcctcd. TI-ius. one m •. }' leave by {)'ping a !!Ingle ESC. 

!t is pc,ssiblc to modify COMflA1 s behavior such that it either kiHs it'lClf after 1l11ishi~g tl:lc: compilation 

plan. or !'oops back with •Vcrbuse· HS the default fb1r tile fypc urci)mpilation· question. 

COM ii.Ar first decides whclhcr a long com pi aU1.}n plan is being, made; ffso, the dl'fault remains ·verbose. 

If not. il then examines the currc:11t cvmpil·niun type: ir · nether cmnpiiatinn?' h been set to 'Yes•, Lhe 

queslion wiU be a:sl'c.ed with d,cfauh •verbose'; f Jt has bocn set to "No·, COMllAT will kill its<: r: if to 'Ask". 

further cunsidcrntiun i!. required. 

Ir the user i in 'MulUpk" mode (the "Multiple' compik1tion type). tl~c type or compilalinn wit! be asked 

wilh Ute ·v~rbose· dcfauh. Otherwtse., Co HIA r c11·nnincs the sw.te cf twn 1.,ilorabfe swil.chcs, set by the 

'Another compiladun't cnmpil lion type. I f'Anuthcr crn11pi1al1un? has been sc~ to 'No' CO!\mi\ wiU die: if 

kl "Yes:, the [:,,,pc question will be asked with tlcrau)t •verbose·: if to 'As · •. the type queslion will be asked 
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wilh dcfaulL None·. Nonna Uy Ibis is 'Ask'. 

l Le that "Another coll1pilmion?' i<S L1ke ·1'ogglc verbosity' h1 [hat il wm ha c no ctTcc1 untcss usc:r-ddincd 

compilation types ~·ist. 

5.2.4 'How to Run~ Options 
• "Ille~ .U"C fbul" uplinns vailablc whe:ri answering the •Hnw lo Run· qucs1ion which dc:lcnt11nc whc~ your 

pla n file wm be wducn ~ind wh m the c- 11npil.iti on U spcci 1cs will be nm. 

"Pcomp' pk, cs the r-i'I 1n lilc t n the < SNllHE> d1r«-tor . . n<.I na nes it "PCOMP ) M . .l\di-.rlfotully. COMBA.T 
wi11 s{mt .1 PCOMP (i~r NPCOMP. n:-rnpprnpriatc) pmcesi; I f l is cxi1cd ,inc writing ~• PCOMP file. "Pcomp' i-s 
the .·1nnd:m:I method ror 1 0111i11g a c-umri!arion in one· own process. 

"<.Or.11111 i" w rlic$ the pl ;m file LU "COMBAT: PLAN > , .. ·11,e co 1HA"I d!2'm cm SUC:C:C'i'>ivcl;• compiles ::in :such 
pl.111s ilt nig1H. inrnrming the pcr..uns whu ~uhmiU.cd Lhem t,f lhc rc:suh. 

·wa Ste ' is like ·coMUIIT". Cl!CCIH lh,n the pliln is "''ntlcn to "COMBAT; WASTE ) ". The. •5[c
0 

quc· IC i l.ln Y 
run 11ncr midnight. which is u. u ,1lly sufficicnL rar th bC who ,u c ni11g •o\emighf compil tinn.s.. ·wast;,e' 

1s thci answer u5ed by Jcfuult ro 'Unw tu Rm,•. 

· f l e · p lac-<.>S IJrn plan file on ,the < S NAH'E > di1'CC 1ory. :m.d names i l •• PLAN > ~ . · 111 is means that it will nol 
be run until yuu c:i:.plkitly load iL into a 1:ompHer process. 

5. 2.5. User Tailoring 

his. often the case th.it a part:-culm· file is compiled quite often , or 1hnl some SCQtHmcc nf actfon m\lst b-e 

performed as thC' ~n1ings to du" befor-e many co1Hpilations. CO ilV, 1 .i I ~ the user to define his o n 

·compilaEion wpcs·, cacih of which spocmcs •ex i::lly tho:;<: qul:Sdons whlch slrnuld be asked and lhc answcra 

lbr those which sho141d not. For c~ampfe. one could hHvc a type mimed ' r_o;.ign'. which s.ays lhat 1hc inplf me 

is always "SEND: £SIGN > h nd iQ addition provides for lhc f LOADing of two files in "Things UJ do•. 

Fu lhc.r. s ·nce most questions are dcr~ultoo. om~ might choosc tu an wcr only thooe questi.ons whii:::h -1.e 

interesting. srn::h as •PirccumpHuli.on·. It is ,dso possible to supply a default answer for ii qUC$Li.Ofl which will be 

asked. 

In addiuon. there are some questions which are no asked by the •vci:bosc• c:ompilatfon type, but which 

ncvcrthch:ss re a ailable ~ usci-dclincd typ s. 'lbcsc arc: •Macro cumpile', Mac.ro nus1l\ 'Max space', . 
·F.x.pand sp k-cs". 'Spc-dal mode·. 'Gfue·. a111d orhcrs. 

One can select an~ of one's own dcfiRJod compilalicm lYIPCS as an ;;inswcr to lho Type or compilation· 

qucslion. just like 'Verbose· and 'Short'. F.xccpt lh:lt the qu~Uons nskcd ma~ differ. uscr·dcfincd types are 
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identical lU [ Ile pmdcfincd types. 

5. 2 .5. 1 . T aito r mes 

Uscr~defincd types ~ re saved :rnd 1oadcd) from the file "smm,,...: •:,a: 0MB T TA I LOR" . Tc fa puss, ble to load 

other tailor mes. but lhc "~C0ttBT" file in snmne is loaded dur-in& slartup. T ilor files arc quite similarr to 

MDL GC - DUMPcd files and thus Clll.ln.Ol be cdtted tHhcr th n wrlh COMMT. 

5.2.5. 2. Create type 

11lis ·-pedal CA.llll ihll nn 'type requests -, name for the rypc being rn .. 1dc, thc-n CnLcrs a loop\ irh Lhc pmn1pt 

'Qucslion'. One may choose any of the 11 vailah]c qucstiuns. and cit1'1cr :;.upply im answer o r (hy dcfhuh} 

r~q,ucst that the quc tJit II be asked when a compifation of this t)'PC' is b'!ililt:, submitted. otc Urnl only the 

• luw to run· nn.d l-hC' folluwing •· ·_-pc ur c mnpilatinn?' qml'slions win he •~~kcd unle5s nthc~ • i;-c explidl.ly 

supplted~ but one may suppl)• am;wcrs tu "How to run' w 1c1i creating a type. 

hl ti is mode, -tR wrn rNur11 ' o lhe '"Qt.icslion· toop if one is .ibout lo r;uppl y n an.swcr: uth~rwise. it return 

lo the 'Type ufcompilati1.rn• 'lnop, abu ling Lhe type creation. 

'l'G behaves c-xactl!y as it docs in the normal loop. To h1dic cc lha r one is lfiuishcd. m'le should answer 'finis• 

li-1 the 'Question' pmmpl- [ i pussiblc m suppfy se:vc 1 dlffi:n:nt versions or the nswer t a p.anicutar 

question : the lase one givclll wm be- used. One may wish 1.0 dcfa1.1h a particular qU1cstion. aflc spccffying that 

il wa ,o c risked or ftcr supplying some different dcrau1L This m,1y be done by ans cring ·ncrctc question• 

tt U1e 'Quefilion' prompt. whereupon one wm be asked ror parlicufar q1.1cs.tlon to ignnr,c. ' ll1is question wiH 

then be compleccly igrmr-~d. otc lhatafl intcrestins quest.ions are initt:iny in chis Stale. 

There is also a Set quc tJOn default' "Question·. TI1is rcquc-sis a question name. then asks me user to 

supp!y 1:1 1mswcr. The qucslion will be asked, with the de aulL supplied. Thus default scnings ofswilchcs can 

be ;:mgcd. and one an supply a file name fbr the prccompifation while till cfog m;.k~d whether 

pr-ccompilati n is desired. 'Unfbnmmrnl}'. US:Cf'-SUpp-Hcd dcfau.llS fm· ul'cxC-typ~ qm:stJons arc used if E: SC is 

.in&,wcrcd ~ to gel rid uf d c dcfaul1.. type SPAC ESC. Nute thnt this is cx.actly the rnvcrSC of 1.l1c con cntion 

far dcfauhing me names. 

When ' Finis" h:;is bcr-n typed, a new copy uf onc•s taifor lite is wriucn ouE. This may in combhrntion w m 

"I ,t).lld tailor· and ·Jlcptace t.iiror·, have undcsil:ilble sldc effects. 
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TI1is rcquc:!sts the name of one or Urn types currently [oadoo. and prints 1.ml ror il all qticsttons. which c mer 

wH1 he -,skcd when .i cumpil liun is being sub• dlcd or which have ~1scr-St.1pl')licd dcraulL~. If a partk:utu 

qucsti n h11S be-en globally ·mimed off' (suc:h as Lhc 'New c-ompikrT ,question,~ hen there is o '1CW onmpUcr). 

an aster:isk win hep -rncd 011 the ap-propTiatc line to indic:::itc that the: inrormation there is currently not used. 

5~2 .5 .4. Delete type 

·n1is rcq res then me o 'f one r Lhc currently -loaded type . 0md dclct , iL A nc c tipy of"thc 1.aifor me is 

written out. 5u a ll U'I1cc of the t,ypc will ani:..h when 'this cnmmand is used. 

5.2 5~5- Alter type 

·mi~ 1'1:(1\iC'SL I type nmne. then bi:cmn~ id ,uical ~ ,create type·, except that soinc quc~li1H1s lread_y 

hove answer.;. Ag11iD. 'f-'ini<s' musl be lyl)cd lo leave the loop and c:msc '11c modilicalion cu be Jilcll~ 1ypin 

"T"R u 'I'S wi I le, vc lhc kmp, bu11 the rruidifiCHCions wm be far:gonca. 

5.2. 5. 6. Load tauo rt Replace tailor 

Uot.h ofth~ rcqu~sl u me name, dcf.n1hhlg w the last cmc used for chhcr .a ' I .u ,11J tailor· or ' Replace tailor'" 

ommli :ind. In i lit11 y thn. is " sr,17111,e • ¾ COMB TA l LOR" _ ' I .oa d t ilur· pf!t.~ 11 els I.he lypc-~ de II n,c:d in lhe 

spm:incd file to thos,c, already h);:idcd. ""''hilc "RcpJacc t ilur' first throws ,1way chose oi~.1dy loaded. ·rae types 

defined in this way arc not distinguished rirom Llmsc lrn1dcd rrom one's own CoMn r tailor rile : in parrit:u,ar, 

using 'Turu; e verbosity' or any of"Ctrcatc'. 'J\hcl"', mid 'llchHc t pc· wm au,o;c all the types cur:rcn1l1y fo.:::idcd to 

be wriuen om to lhc COMBAT t.ruilol" file_ u: thercfurc one has.done .1 'Rcp1ace tannr·. one can easily lose all 

of one's own types in his manner-. ti:: •. -us vef"}' easy tn destroy yourself:. 

5~2 .5. 7. Xerox tailor 
This r,c:qucsts lhe nnmc of an cxb-;thig us.ci:-dcfi.ncd type, and II new t~pc name. ·n,c '1CW lype becomes an 

cxacr copy of" the prcv:ious.ly·rnci:sling type. This is i,x1rtic-ufarly uscrul when unc h several dUTcrcnt types 

whi h do almost the same thing. 

5. ::J. The C ,ompile r (I nle rnals) 

. I lC cum pi lcc•:s jub is tu W kc a MI I f UN CT , 0 N ur gn1 p (l f F UNC T l ON 1tn d p ruducc ,m opcl'llliu n;i,Uy 

cqui alcnt macl'li11c---la:ngingc subrout.inc (RSUBR} using whatever nthnnation e-an be c:uroclcd from Lhe 

sumcc code and wh11tcvcr additional inrnnm:uinn the user wishes to supply. •n1c ,cJficic11cy uflhc: output code 

prndu cd is dim;:lly prnportiona1 to U1c .imoum of informaL"on supplied by the programmer and ·aversely 
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proportional to the gcncram)I ofllrn sourec pr-ograrn. 

'l11c infi,rmation supplied by the programmer is usually i•n he form nf uptiunai data·typc dcd,uations 

{DEC Ls) and lhc: use of prngrnmmcr·dcfincd data typ~ NEW VP s), th. t have buHt·ln dcclair.itions. Unlike 

m1111y pr gramming langu.!(ges. however. dccloralions re nc er rc:quirncL ·11,c compile~ will compile 

prngrnms with no docl.ir.otions at, II, but ti e l"CS1.1hi11g ompl1t,,.,, ill 11m run as: fost as U.h wc-11-dccfarcd code. 

'111c current compile; can achieve s1,cod-up fi11et.ors of an whc,c frum aboul 4 m LOO. The factor- of 4 

rcp1-cse1ns. the ~peed-up ror a very scncr.11 program with vcl"),· pi)Ur dcd.inu.iun . On [he mhcr hand. tile :factor 

of lOO rcprci::ent.<: a prng'r:-10, with a ~·Qry narrow rnng,c of appliciulon lh11t ha.,; \"Cl)' good (th:n is. rcstrictiive} 

dcda1"".iti1m~. T~1pkal prugnun. crn c.xp«t u, m::hic~-c f; ·mrs nfl0-40. 

5.3 .1 ~ How it Wo,rks 

·n1e cun1piler a~ n curren ly c.>:.i ' i really Lw•i distinc-l pn,grnm.-.. Ci TORDER 1s b ·1~icu iy m intcrfac~ 

between files {.lr 1n1 . nnu~tiirns :ind I.he compil•Cf'- I is n rel 1t1vcly s1n11II p rusmm lh:11 rci tis in 1hc file, ~ets up 

the varlm.11s compiler switicl1cs. cal1s the compile ~me or more Uines and writ.~ uul lhc 1finul me uf"R.SU8 Rs. 

COMP i L itself 1s basically a 1.·umpilcr with lhrc..: m Jur -"nd thn:ic minor passes. i .156 l bu"!ds a model of 

the prngram. pat!i l m1ly7.Cl> c ch node 1f the Lrc<: mid dtx"S data type .:malysi:s. pass 2.S (minor) aHocatcs ·tttek 

space nir variables and \c~.ipo..irics, pass .l gcncnucs output code and two minu,r pa scs do nrul1 stack: 

allocation and peep·hulc opti1ni2'..ation. 

5.3. 1. 1 . COM Pl LE and COM PIL.E-GROU P 

·n1.cr--c a-re two di-s.til:'lcit. modes ofeompilalion avaifoble. "Jllcy an::- ~jrnp,lc llli'ld m~1ltiplc. Simple colllpilatio:n 

ooc-urn when COMP I LE is c.allcd with one UNCTION. Jc simp1y c:0111pllcs th l l.l,NC · ON ,111d rctums, 

M ultipk compila(ia:n occurs w h cit COMP l LE is called with a list of FUN CT I ON s. [ l oompi I c-s Cil.Ch F UN Cl ON 

lnto a separate RSUBR. 1t l.liff"ers fiso l multi re- cons m COMPIL In dv•t h sometimes partially compiles 

FUNCTION out flt' omer to dclerminc hs calling scquc11~c and du .il'.8:umcnt typc-chcclcing. Thi.s behavior is 

necessary whc 1:ompiJillg mu wally rcc1.n·sivc FUNC l IONS. 

ln iill modes €lf Ctlmpihniinn. COMPILE-FUtM:TION is rn1~d la actually compile th(: indivffidual 

fUNC "J IONs. lt caHs the various compiler passes. 
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5. 3. 2. Modeling Pass 

·n1c fir.st pass of the compi t·:r rakes ~c: input FUNC ION and builds :m C!!.pn .dc:d model uf iL ln the 

pmcc of doing thi , it p ch.1c,cs .i s:,imho'I taMe cnu-y for every l.oc 1 :iriablc lmund and/or dccla~d in the 

· UNC I ON. an1• of iLc;: PRO Gs/REP EAils or MAP:f /M/\PR FUN1C T' iONs. h , lso pn: ducc-s Lhc RSllBR D ECL for 

the final output. Pass 1 also tries lo decide \fan imcrn I cmry (that is. an cnlr:,, which ca be culh::d cfficicotly 

,(:.cc cction 6.1 )), c n be used 111•ith this FUNCTION. ~fan imem~I entry turns out u.: be possible. Pass l 

gcncrntcs nn a,ppnJp .:itc calling sequence for internal catl to use. 

·11,c model built by ~ss 1 looki. like ~he origio;.1 F UNC T IQiN wilh ,II of the: nudes in the f UNCTION'S 

lruclwe replaced with I bjccts ,,rt1rpc NOD• (u new type, de lined fm Lhc cumpi1cr). nu c i1 Ll'lc: model may 

h1i c .rnl,'whcre frrnn .5 lo JO c:kmcnE.S. The 5 clement node is; for sim1,lc qm,tcd ubj<,;lS like fixcd ·poinl 

m.1n1bcrs.._ ATOM:s coc. The 30 clc1nc11L mHks arc l'i,)r major ctcmcnts of the program such ,1~ Lhc 11(Jdc ror the 

FUN CT ION 1t:ielf and nodes ft r rROG:: und RE PEA s.. The majrnily t f the lllldcs ::ire scnend SUB R noocs, 

which lrn\'C 10 c?emcnts. 

1lc Piiss 1 truccu re i<i. bui1t in Lhc f'ullnw i ng way. Toa mp level progr.un in Pass 1 s.cm~rncc_,,. a node fol" me 

cmirc FUNC T 10\1. Tl'1is node gc.t.'i. the ~>Uowing infonnnlion put imo ii:. 

1. I\ cudc spccif~ing lha-t lhis is a FUNCTION node. 

2. 11,c dlll:il type that this FUNCTION is dcdan:d to rct.um (or ANY). 

3_ A LIST d1111 will cvenlil.mtly com.iin tile nud~ c.omprisin:g the body or the FUNC ION. 

4. A UV ECTOR nf intern 1 names For internal c. lls lu th is f U NC 1i ICIH. 

5. A s.ymbol tablc for the variables declared and/or bound in this FUNCTION. 

6. A lis.'l or entries 'In tne symbol t.1bTe specifying how the airgumcnts a.re to be sel up (whe1.her they 

are opliun.al. QUOT Ed. TUPLE Ch:.). 

7 . The fin.al. RSUBR DECL: 

8. A sp«ili'ic.1.tin1i1 of trnw to pass ~rgumcnts hJ this fUHCT ION wh.eri it is compiled (whcd\cr dlc 
argumcrn~ should be in registers or on the ~k). 

9. The number of required m-gumcnlS and the total number of possih]c arguments. 

rn ad cf lion lo the above infbnnation. slots e~ist in lhc node. for add'tional iBformation 10 be supplied by 

Late'!" coinpilc.- passes. 
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After ~he main nude for the FUNCTION is built. Ole sub-nudes for chc F0RMs comprising d1c body of lhc 

FUNCTION ari= built. This is do!!~ by first dis,pa~hing to special Pass 1 ode for Ulc l'irst C'lcmc 1t ofchc FORM. 

lf no sp<.>dii,I code c,i i.sts for this firs.t clement. a disp,uc-h is made ran 1thc TYP of chc nr t clcn,c11t ohhc FORM 

(th.at i • AT OM. n:, F ti NC I ON etc.). r f no spocial cod~ ex iscs for t:llhc r the first cl c:,n cm or i L TYPE, 

gcm:nd FORM nude i builL in the case of an ATOM as lhe l'il'S.t clement ,f !:he FORM. the 1:mnn l lookup rules 

arc invoked oil 1hc ATOM .;nd h is dispat.e:hcd again based on its ,..,due. AHlMs with no ,.,ables either cause 

c1.1mpihHion warnings or arc ;1 urned L be RSUB Rs (depending u111 c mpilcr witch REASONABLE). 

All rSU'l3R COND. AND , OR. f'UNCTIOM, PROG. R P AT. lilNWIND. clc.) ha c sped.ii Pass l code and 

produce very Specific r1od . M L SUB Rs Jon'l di pal.ch 10 pecmc Ctidc duri11g thi~ pass. Ille exceptions arc 

things l kc MAPF. IL I ST. GE etc .. which htwc S!>mcwhaL nun-!m1nd,m1 u-catancnl f their argum~11rs. 

tAcumlly, MAPF ;ii11d ti.PR don·t urcal their. rguincnt non-~ •• nJ;.11J'dly. but U1c~1 .ire trcmed spt1ei lly in Pass l 

so 1hal 1hc inner ruNC ON 1ntii' he u~n cumpHcd.) 

As mcmtinru:d pre iuusly, all nodes have al Jcasl 5 cfcmcms. These :ire a fuHows: 

1. /\ node type cod'1i:. 

2. A pointer ln rhc parent rmdc (if one ci1ists). 

4. A Ii t or suh-nodcs re.ier,red to as kids. 

5. A uaine 11' the node. hic:11 may ha11c dit'fcr-cnt mcanll'1gs for dirfcmnl nodes. 

rn addition. nodes mhcr lhnn r1odcs for QUOT Ed objects ho,,.c addilional crcmcnl.S that a1"C nllcd in during 

lntc r passes, of the compi er. 

After P&;S all uddhiuool p.isscs wor!k o me model built during Pass l. The originai FUN CT ION is no 

longer even considered, 

5-.3 .3. Analysis Pass 

Dori.it l~ss, J, vcl'}' lilde informution is dctennincd regarding the res,ulling d.aca types nf varhms nodes. 

Indeed, whh the c:,;,ccpUon of nodes pr11duc-cd by quoted nbj~s. slrucLu1ccd t1bjC"C"ts which ' iH pruducc code 

~o build copies of" tihemsclvcs. and fUNCT IONs. PRO Gs and REP ATS with dochi.rcd 1,1afucs. no type 

infonm1tlion is produced. H\•cn in the cases. where type information is produced dudng Pass Lit is usually not 

as detailed as other passes would Hice. ·nu: Analysis Pass hr.15 the job of n:finin th rc:m1t type of .;ach 
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individual nude based on variou-s criteria 

1. "lllc declared types oft.he vaTinblcS.~\scd in the p ogtum including GOE CL :ind MANIFESTS. 

2. · 'he: kn£1 n type tnmsfonnations produced by vanm .. SUBRs. Wor cxmnplc. it is known 
1

lhat 

LE N61 H alwa}'s produces ai f 1 X vcsu1t.} 

. Sumc am lysis or the conlc:u or the nodes w1thin I.he rrogr.u . (ror C).fUl'llplc in lhe ron1,w"ng 

code~ 
<COMO (CANO< YP 1 .X LIST> <~OT <EMPTY? .X>>> 

< 1 • x> p 
n:-S,"trdlc..<t<;, ofhuw X i.! declared. il is O:h\liousl;i a ' 1 ST when lhc EMPTY? is rno. and it ob,,.iousb is 

1101 cmp,iy when the < 1 . x. > is rnri.) 

Thill /rn~lysL P;is.-: pcrfi1rm~ . st:mdard dcplh· fir·t. lcrl-ln·ris:ht ln:c wnlk on the Pass l nwdcl. The- m in 

dispatch r11mctinn dming this pa.-;:. i~ C, n~ ANA. It do ~,n i11ili,11 disp.ilch bM4.-d on t11c node: type l~r C~\Ch 

node. Since mo · L nodes i1TC iU c:nns'idcred 'SUB," 1rndcs·. most uf the di p.iH:hes end up al the: SU6R call 

::maly'l.cr. ·nw SUBR c,1U :mnly1.cr hris lwll type>s nf rurthcr di patch available. 1·1r.i!. il h1~~ks i1, :1 table for 

SUB Rs lhat re capable- of being cc1mplcld:t opcn•ccxlcd: ff it finds an cnlr)' in 1he t..'lhle. the ::ma\y"Lc:r ror lhal 

SU8R is in,..okcd. U" lh1s SUBR j._ incapo.Me o being opcri"cndcd. ANA checks :imllhcr u1blc Ul :sec if thi~ SUBR 

h11 an ·,ncnrnl ~nlt}' avam1hlc. I fit docs. I.he node is ch;1ngcd fro111 SUBR node to an internal SUBR node. Lr 

b11th dispatchc-J: fail. another tabtc is checked to~ if th~ ob,icc~ type Tclurnc<l b)' U1~ SUBR 1s l::1,own, und ifit 

t'S the TCSUll is put 1mo the SUBR node. 

Mosl or the work done by I.he Analysis Pass happens when U1c firsl di.s.pa~h ,ooc:ur.. and sp¢ci l SUBR 

a1mly1.erS. arc in tikcd. Gcncrnlly speaking. h-esc analyz.cli"S check \O sec tf lhey k..1m cnuugh bou~ thc!r 

argumcnl.S to u.i, l'sform lhCil' nodes: lo an upcn-code spccific11.tion. For C).amplc. an ln,voc.ition uf" IJic SUBR 

RE ST only transform to an ap.cri-ccdc: node f bot\11 the PRIM TY PE of the firs.I argumc nt is i: n,own at c: mpile 

time a11d there are no SEGMENTS in 1h,e t:a.11 lo REST. Lf a spcci.d SUBR anaLy~.cr decides Lhat it can•t 

opcn"compilc in this case. it either lea cs th~ node ru. a SUBR node o~ tr.msForms it W m1 internal SUBR node. 

5.3.4. The Type Analysis Model 
1n addhion lo the model or Lhc FUN Cl ION buih in Pass 1. u,c Analys Pass udds t1ddi1iona1 inft~rm;ttion to 

Lhc modc1 concerning, the currc:111 staLCS DF local ,,ariablcs. As Che !m.ily1A:r plunges du n ·mo the tree, 1\ tries 

o keep track uf' the cur,rcn OECL or cuch va iab\c. SpccHicall • ~ere is 11 slot in cmch symbul t.1b1c cnt111 

culled CURR N'l'-TYPE. The analyzer updalCS th l slot basod on Hs current 1muw1cdgc. A caU to .SET causes 

the CURRENT-TYPE slot LO be: Cha'flgcd lO the analy;,.od type of SET'S second al'g_mncnl. W11cn multiple 
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control pUithS mcci;,, the CURRENi-TYPE slots ofa variable arc 0R"d wgcthcl" at t.hcjaining po,inL 

Conditional cmnrol sm.1cturc nodes ro:r COND'. AND and OR also m 1in1.,1iri, 1wo lists urn-lllm,Icnt infonnation. 

These arc called TRUTH imd UNTRUTH. They specify what infomrntiun will be alid i Lhc U'\H: r fa1se 

branches :i.rc taken re pccltYely. For instaru:;c, a COND clause c:nmpilation can assume I.hat any TRUTH 

informi:ni n generated in the predicate or Lhc C0ND will be ,,and for he rest of the dalllSC. 

Some of U e analy:,_crs for (hi:: more widely used predicates have spcc:ia, code in Lhcm to add infonna1ion lO 

the current TRUTH aind UNTRUTH a!ucs. 1lt~ predicates indudc TYPE?. EMPTY?, - ENG,Tl-t? and NOT . 

1 •op~ng i:onLml structu,cs pt~sc ,1ddilional. problems For he type :imllysh; model. The apprnad wt:cn by 

tbi:::: type ru,alyi.cr is to bui1d a c-opy of the current types uf all \/~1riabtes bl::forc ;mnly1."ng Lhc 1uap uuc-ture. 

"111is_ c:opy or Lhe: !nc:al lyp,e irifnnn liun con Litutcs lhc assumptt ms currently in effect. Aflc Urn loup ,rn- bsis 

i CORlpNc-. the assumption arc che k.cd agcai11s.t du: current stac.c orrne variable -. If an)' of lhe ilSSumplions 

Inv<: be-en violated. the a.ssumpciuns are updated and the loop is re-analyzed. 

5.3.5. Life-and-Death Analys is 
·1 he l'\na\)'Sis Pa s a so pcrfonns a lifc~and-dcath analysjs on lhc toe I v·1il bles. This is done b~ ass;1 1ming 

that the ~,a ,fablc' value i-sdcad al.each LVAL node ronhal ,,.ariablc::. 1funu~he, LVAL node for- this variable i. 

discovered thal is rea~hablc from this m:1c before any intervcn·ng SET nooe.s for this variable. the original 

node i:; upd.tted tq be alive. This lifc-and-deadl inf'onnation is -sod during llm Code Gcncrauan Pass. 

5.3,6. The Variable Allocation Pass 
11\c V ariablc A11ocatio n Pass ( V /\ P) IS a rdati vcty simple one. 1 ts purpose is to a11ucaie stack spa~ fuf' all 

of the variables bound in Lhc FUNC ION. its PR0G:s and RE PEA Ts mid irn MA.Pf /MAPR FUNCTIONS. 1ltcre 

an:: varlim.1s -swiu:hes that contrul the mannc~ in which Lhis lloca:i.ion is; pc.rfmmed. 

·nic most impo:rlant switch sp,ocmes whether or not lhi. FUN CT ION needs a F RA.ME o:r not.. ·rnc V AP 

a\ways st.a s out ass.t ming t does. not ~=d to bu i Id .i F RAME. •111 is assu mp li ml w · H be ch angcd ff it is 

discovered thnt c;i;.tc:r all)' accessible n, med ACTIVATIONS cxiS'L in Lhc UNCTION or any of its innc.r blociks 

(PROGs ur REPEATS u FUNCTIONs) or ifaL :my Ume il is disoo~•·e::rcd llHU th-e addl"c:ss of' a .irfablc cannot be 

spc lficd as a fixed o!Tul?:L from lhc lap of the stack. Whenever- this assumption is cba,ngcd, lhe VAP scans 
over again with me new a&-~1.1m pti.on i.n affi!ct. 

Another switch that controls the behavior of '1:he VAP spoci,fics whclhcr or not the stack sl.ots for inner 
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blocks will be p ~ .. illocatcd bocausc the sl.c wm be in a •fui.1 • state whc lhC'Sc blocks a ·rc running. The 

s.t..ck is "d tJo be in a •fu;,.:zy• st tc whc~ the number- of sluts currently being sed cannot be: dctcnnin.ed at 

com.pile time. This usually occurs when a TUPLE is bdng cunstrnctcd fol' a M.APf . ::-o ,nstancc. in 

( 'DE.f INE F (X Z) 
<M~PF ,VECTOR< NCTION (Y) <••? .I .Z>> .X>> 

the clcmcn · ofthe VECTOR wiH be bc,~cn the ~op ur Uic stncl: Dnd th\." lociuion ur 11ariablc Z. Even ff has 

.i RAM[. the loct1lion of Y will no, be known relative to \he F RAHE pointer, l 1:ompilc lime. ·1hcrnforc, the 

in1tiali:,,A-rtioJ1 code for F wiH prc-anocatc Lhc smclc: space For Y, 

During the AP, cm:h syinbol UlblC' cnlry gets ilS .-ddrcss field set h.ascd 011 whc.re thot v.iriahtc wm be on 

l:so nodes ror PRO Gs. R p A ls .u1tl IMAPF /MAPR FUN CT l ONs l-h• l hil\'C bu1.11'1 \ 'ariablcs get 

ach:Ji1iom1l fofcmn, tiun 1u~crted in them lvcs. 1"his infonmuion tuc-lrn..lcs wl,crc the SPEC I AL ,·arioblcs scan 

and where the UN,SPEC AL \'ariablcs start. 

5 .3. 7. The Code Gene ration Pass 
The Cudi: Gcnr.:n.ithrn l:>ass (CGP) is probuhly the most crnnplicatcd of ,111 the p31SSCS. l: oruun ccly, the 

Am1lys1s Pass h~ nh·cady refined the modei so lhat the COP r::m dispalc:h imm~diatcly LU the spccinl ·purpose 

c-odc gcncrn.lm-s. R~sid.:~ bui1dint, a list of ·scmhly-r::inguage instruction s output. the CGP 1.c:,cl)s 1rack of 

~c current natc uf I.he stack. U,,e conlCnlS of the regh,~.rs. lhc current s~tc ,lr vari.abi - ( hcthcr they arc in 

register.; or u•l llle stack u r buth) and the cotucnt.-: of the temporaries. 

·n,c gencrnl dk,patcb routine during 01c CGP ts called GEN. It takes Ewu arguments: A NODE and a 

specification of where lo leave i:hc rcsulL 'flu:! sccund argum.cnt"cmi be any of I.he following: 

l. The ATOM FLUSHED, meaning that lhe code w.iH be CllCC:U~ed for clTccl mther lllan "'aluc. 

2. "Ille ATOM DONT-CARE, me.ining that the caU11:r of GEN is. lc.:ivirig lhc docision up to Urn specific 
gcncl'"ato.- ~s l wlu:r~ ·to lca,,.c dle result. 

J. An object of ~pc DAT UM whl h pocifics a place for the type and value of the result to be left. 

Type- DAI UM is uf PIU MTYPE LI ST and con min.<: twu clcrncnts, one for the lypc and the other for me 

value. 11)c dcme ,us of :i DAT UM may :il:c on ai va rlccy of alt.ms i,n di ffc-rc11 t cir-cu mstnnccs. These i n-c:lude: 

1 . A TYPE name. This c:,ln only occur in. 'Lhc type slm and it mc:ms th;iL the type of the object s 
known at curnpUc t.imc and 1lhis is il. lt 1ndatcs Lhat lhc code :gcnemt.or nood nm put the 

lypc-codc: anywh-crc. 

, Tho ATOM DONT-CARE. This mc.,-ns that lhc caller doesn't can: where the result for this field js 
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left:. 

3. • 1tt A TO~ ANY - AC . "111is tells Lh'1 gon~ratnr- 'lo leave 11.hc f\ ·u tin any available AC. 

4. An <.ibjcct uf"typc AC. 'rhTs Lc-1 the gencr.itor cu force the result into a 'Sp-ccifk AC . 

S. An (lhJccl of type ADDRESS: C or ADDFIESS: PAIR. Roth or 11l~C ~pccffy · ddr,esses on me Slack 
or in Lile imcrprctc.-. 

,6. AR objoct of type OFF PT R. 1\n OFF PTR h s 1th rec fields: 11 CAT UN. an uffscH (a FIX). and a 
PR IMTYPE. J\11 OFF PTR tells the gcncrn,lur tio lc.,"·c the~ ll in the wnrd pointed to by the inne.r 
l)A, TUM, ml ~iffs.ct by U1c ur&cL 

If .in clcmcnl ur ~· DATUM is ANY - AC ~lL· DONT-CAR • the gCllCf;teor is r<-quircd U) upd;HC the OATUM to 

rdlccL lhe ac-L!.a1. I hx:-11lion ur the rc-.suiL Ir the c]emcnt t a VPE. the sc-ncl',llor m.iy c h ;mgc h m ;1 ~ AC which 

me· ns UM · i hiippen.cd W cud up · ilh lhc T't'PE in that AC. 

'The gcncmtors a1waJs remm a DATUM ~peci~•ing where the result wa~ acrnnny left, unless the c;illcr 

wmucd Lhc result FLUSHED. ' lllcrc is une !J;peci.11 OATUM tl'til~can tx: returned. IL is. Lhc GVA uf Lhc ATOM 

NO - DATUM and il me-ans tl;u1t thc.-;pccificd IH1dc will mH l"CW ll ;I value (drnt is. iE is ' I RETURN O an AGAIN 011 

.'>l:11 Clhirig),. 

TI1el"e arc six ubjcccs of t)•pe AC 1 lhi: t:ompilcr, corrospu11ding to AC 0, A. n.. C. D ;1nd E. AC 0 is pccial 

:.ince it can•t be used a..., a 1minu~r. and t ahv;iys contains very lnmsicnt information . rt is never used to liiH in 

,m ANY - AC slot in a OAT UM. ·rile oUu:r live ACs .ire in Lhc pool of vaifoblc ACs. ObjccL-s of type AC have 

about ten diffcnrnl slulS assocaialed with them. They are trcd for fo\ding available ACS and generating output 

code lhi:it uses thcma The sTots used in AC a!lric.11t on arc tlS follows: 

l. AC LINK. Tr lhrs &s FALSIE. the AC 1::onr.-iiM 1;10 ~mpo ry value? for the: current computation. 
Othc isc, it. ii;; a list or octi vc DA UM hot co1nai n iL 

2 .. ACAGE. This i~ onl» sed when the ACL NK is nun- FA SE ., It i:. updated to a higher number at 
c:ich use u r the AC and i u cd in Ml I. R U , lgmithm wb en nn oclivc A.C must be flushed. 

3. ACRES I DU • lflhis AC i current y 'l:qllh·afont lo sumc !oc::d \lariablcs. Ui'is slm cunt;,,in .a list of 
the symhul·table cn1 ·es fol" these vrnfablc.s. ' llu~ symbol • t:;:1ble cntric • themselves ha c sT l 
c:ttl! d I NACS that ptiints back lo lhe ACs lhul cont:.1ill hs l)'pC ;imJ/nr ,•nhrc. "l11cy ,~o contain a 
slot c;11lcd S TOOED that specifics whclhcr lhc t1tll)' copy of lhc vmiablc is in the ACs or it is also in 
memory. 

4 . AC PRO T. This s Int is a boolean saying he th c I' thts AC is p WlCCtcd or no[. If th c AC is protected, it 
can•t be a11nc-.:itcd fiu any reason . Prutcc[iun is unly invoked for very stretches of code. 
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5. ACP 'R, F. This slu\ says thn U"lis AC deserves slightly prcrcrcnt.ial lrcn1.m1:m. h mean an other 

Lhinp equal, don·t choose this AC. 

The AC ::dlucm.inn algnTithm consisl.S prinlaril uf r,ying w fllnd the bes~ possible candidate w\,cn an AC is 

nocdcd. Th mutinc GE RE.6 is used to riod an av,1Uabl1: AC. Fi.nt t rejects .aU AC. thm. t1re prmcc:lcd (ir the!;' 

, 11 re protected. the compiler gcm::n1u1s :rn inu:-rnal err · r since thi:s shuuld nc er huppcnJ. 1f lhcrc ar-c one or 

mo:rc A.Cs with their ACLINK. FALS · . GETREG win choose ri-om among l.hc-m. h ill prcr~r AC Wtlh no 

/\.CR SIDUE. that .ire numeri ally adj,1cem to ,another rrcc AC {bcc.:ausc S-1.imc pnr-lO im1tn.i:c:tions destroy 1he 

ni::xl AC). and ·hich do not hm·c their ACPREF on . lf'lhc AC chos.en h,~ an ACR SIDU . code is gc11crnlcd 

if necessary lo s.tore ny or-the: w1riahlcs Urnl are nnly in J\Cs.. 

1 r nu AC. C':!. ists with o AC l INK LhaL. i F Al SE. GET R G finds lhc AC w th Lhc s.nwllc-sl A CAGE. Cndc is 

gcnc:r·1tc-d tu s.lnrc t\rn etnHcnts or lhc AC in a tenl om ~> that h is ~wailobtc, ·111c DATUMS tlrnl \VCF'C in the 

A.CLINK am upd Led tu indicn[c U1at lhc-y arc n w puiml11,g lO tcmpurn lcs as Qppuscd to A.Cs. ·nu1s it is 

possible that a scncmtor cm.1ld need sub-results in A Cs, and after c.:iusing u11e h1 be &Cnc:ralCd in, n AC. find 

lh;n hilc scncrating the second nm: the first. slipped bm;k into Lemp11rnry. The gencmtur would then have 

to generate cod<: to n:lo.Jd an AC From the tCT11pOn11"Y-

Thc CGP hwot:cs. various spc-d;;sl-easc: ,1p[imirntlo1 s by passing 1nfiimmtton up ar1d down 1.hc tree as code 

ics gcnern cd- ·111c gcnerattH-s for condttirn~;tl branc-hing f SUB Rs t k:e OR, A~O and COND employ a predicate 

gencrnLo wh nc11e. possible. ' is gcncnnor is Mkc GEN Cllccpt th.al iL uik U1rcc addi.Liunat argumcms: a 

labe:1 u~ branch m, a n:.g s. ying whcthe:r to b n.ch on uu1.h nr ralscness.. arid a nas S."lying whet.her this 

predicate iS being Olcd.. Tlu general pr-cdk:a c g,cmcnnor then looks. at the predicate node to sec iF it can 

late the addiliooal . .- umc ts fil:r pTedic-.aic gcncr,1tion. l'f it c:111'1, u,c general predicate gtmcr:nor ji.,ist passes all 

tl\c argumems dowo~ ot.herw~ il c,aBs GEN and gcncrofcs the additi.on11! testing and branching code its.elf. 

Currcn,tty ANO, OR. COMD. -=?, N--?. G1, G=?. L?, L-7, O?. 11. VPE?, NOT, ASS.l,GNED?. MEMQ, 

LE NG , H'i' and EMPTY? have SpCCia1 predicate cl'ldc a850Clatcd wJth their generators. DI.her.. may be addi.:d as 

the need develops. 

OtbcI" oplimi~.at:ions arc invull.oo by simply recogni.dng comm n p~ucrns of M .. code. Fo:r h1stam:c, the 

comp ilcr recogn ii.es <SET X < + • X. n '.> as a P )P· 10 AO S i nstn.1c-tio11 and it generates very cffic i~nL code 

rm < REST . X <- < LENGTH . X> 1> > by rccogni,.iug the pattem ,ofcode. 

The cum p ik: r always takes ad vantage of .ts much llnowJcdge as it has 11.bou t the 1w ,pcs generated by 

panlc:ufar nodes to generate goud cock:. ·n1is is cspe.c:ially 1.he case when It is handling the code fur NTH, REST 

and PUT in struc1ur~ Lt us~ l)'pC ·nfomiation concerning 1h-e lcngLh of the smu:;turc and the amount bcing 

111e Compiler (I ntcmab) .5.3 
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RE Sled fo I.he NTH. REST or PUT. to figure ou( whether o ot lo gcncrnt.e bounds checks in the compi?cd 

code. It also use inFomrntion about the cu rr-cn ~ype uft.hc slot being rend air w irrcn m decide whether n t to 

re-ad tu wriu: lhc (ype word. Ob~·lously. a ICE oft.his type infommlhm w<1s the ' me inlht-n1ation ~dn.-1incd 

tlu ri n tln.e /\ na1 ysis Pass of the compi1ation. 

Some code gc ncrnt' on rn li ncs re capable of chan11,i ng 'Lhc- o rdcr () r gc nc ration uf the uh~ n,odcs.. Th is is 

done tn try lO get 1:.hc node requiring the mosl A,C'i! compiled. fl l o UH1t it. won't: 'inlcdcrc with any AC 

requirements fthc Ct ffClll node. Thi ibviou. ly rcquir~ !hat the oomn l:UCd nodes: ha e no im.crac-tingsidc 

eITccts. 

5.3 The Compiler (hucmals) 
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6. Making It Run Faster 
Once you have a working prugram. you wiH 'prubably want it m ru11 fasL The most obvio 1s way of doing 

lhis is ~o compile it. Mn1. prov des other ways to speed up oodc-. chiefly by cUminming med ated subl'Outinc 

can ii nd by reduei ng the si.ro of gmtiagc-coHccted space. 

M~iau::d subr-outinc calls (or 'MCALLs') .:'.l'.l"C the stand:m:::I 11'1Cthod of fu1H;:don calling in Mo, They 

provide a great deal of information and control during program dovclupmcm and debugging, but the 

ovcrhc-:id fan MCALL is ~upcd1uuus in debugged pruduc:tion pmgrams. Cm1scq c,uly. sever-al ,nctl'rmds cJ:i,sL 

ror- removing this overhead. 

i\ subtle impediment. R incrc.,scd speed ln ;1 pmduction pmgmm is (he mourn of Lime devoted lt1 garbage 

rollC"COon_ l\s thi is prnpurtional [.(J u,c i;-.c , f the g.irbagc i::olleetcd pac:c. it is -,dvonui,gcnu.s to make lhat 

sp cc as smal'I as possible_ One w.iy to do lhis is tu purify us many or Uic srmic dnta slruc:-Lul"C:i 'in the M 111. as 
possible. 

Oiic by· pruduct of Lhc p ucedu res mentioned obo,•c i:s ti ,it much or the rCSIJlhi ng c:t1dc nd ~truclll re 

bcc-orncs pun: and d1crcfu1:"C shareable between rnany Mm processes.. 

6.1. GLUE 

A facility C!X1Sts w l1nw scp rntely compiled and assembled RSUSRs t:o be 'glued' togcthc1:. This makes 

c.1lls bcatwccn RSUBRs in the group much fas:Le~. as MCALls ,-c replaced by PUSHJ ·n,c many insm.,c ions 

of- n MCALL are replaced by cfle single PUSttJ, but. the med alion provided by MCAL is lost: No f RA.ME is 

pmcll.n:ed. GLUE i ng is accompr cd by the CtHlC-alcntauon f 11.be cod~ and rcfc rcnc-c VE CTORs of the RS UB Rs 

being GLUEd, which gives th.mn a common 'frame ofl'"efcnmcc." 

1. The RSUBRs can be nm unGLUEd for c:01wenicnt tracing and debugging. Aftc..- debugging. ahey 
cim be GLUE d tos,clhcr and nm much faster. 

2. An indiviclu 1 FUNCTION can be rocmnpitcd without the ,pvc-rhcad of recompiling everything 
GLUEd lO hs RS UDR_ After lhc rccon1pjkuio:n, U1c c1uirc sat can be reGLUEd. 

6. 1 ~ 1 . How to Glue 

"GLUE" is a PACKAGE and irt may be obtained by doins 
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<USE ~GLUE"> 

·11"1c eaU ta g]ue: a group nfRSUBRs and/l?r- RSUBR-ENTRYs is,; 

< G ROUP-GLUE grouw tmmr;ntam 
substit11lf!:b0i!1lean 
script:c:h mU!l 
1,ackage: Slrir:g-or-lfsf 
slu·vi\!ors: list 
-.!lctims: l(~t> 

grou,rn,m1 r is an AT Of,\'! ns returned b. GROUP- OA D. and h is u,c only n:qu ired rgumcnt 

1d> lft11ll' is flag~ ifiit is m,1c. the current RSUBR~ .m~ RSUBR- ENTR'ii's wm be fi1'cd so tlHU they may tUI run 
1 1 lhc current M 111 .. "11,is is cx.pens\vc bttl ncccs.-.itry if PR I NT Y PE or intcrrupl handler... r among the 
SlSUBRs hi the group. If lhC 11,ig is FALSE nr not St1pplicd. ~,c group 1nm,l be GROUP-DUMrcd and 

rckiadcd eforc use. 

~aipl if suppHcd and a CHANNE is used h)' GROUP-GLUE to prin1. OUl its progress Uu-uugh iis L3!Sk. 

Dl he rwi,sc. G ROU P-6 LU wod:;s s!lenlly. 

f."•ckag{", if priwidcd and non-FALSE. implies PACKAGE mode wiH be used. ·n1is :trgume:nl 1';hould be a 
ST R:1 NG ,;.p~cil'ying the PACKAGE thal is being glued. ~n PAcCKI\GE 1nndc un ly the ENTRYs f dmt 
PACl<AG ""'m be preserved :ind ~n Rsuan- ENi RYS a=i l~tl with 1nlCmal f' mctiuns wm be rcmo:vcd. 
Th~s up~ion can ,tlS<l :.,e used by scuing the ATOM PKG u tl1c 1~,1mc ur'lliic PACKAG • Package may also be 

L I S or PACK AG t1 amc:s, in wh (ch ca.'it' the E r4 TRY s of all the PACK AG s listed will be preSC'.l"Ved. 

wrviw TS ff pn.wi,dcd inclicnleS tht'll SURV l\i'Ot! mode wi11 be used. This argument should b<: ., lis or th08ie 
RSUBH-EfU' RYS to be preserved. 1\ll n'l.hcr 'RSUBR- tH RYl> ill he nush,cd. 1111s option overrides 
PF\CKA'G mode. This opti:mi can ah> b' u~d bl,' selling the A TOM SURV lO the L 1 ST ofRSUBA-:E NT RVs 

bc1ng p~cr\led. 

i,icrim:t allows 'survivors· to be ~p~ificd b)' dcfi:iul~: lhal is. it is a LIST of those functioris which should not 
sur,/1 c a n.11:t G U E has run. 'Ibis is somc1in~cs miJT"C con vcn icnl lo sp~d fy ·chan c~ pUc t surv1vors. 

There arc twn adva.nt.,ges, 111 rcmu\ling unnC\.~OO RSUBR- NTRYs. The group is mndc sm lie~ b)' the absence 

of 1.hc R.SUB_O-ENTR't's. Also the ,code for the group is reduced, as the code or h·1ndling MCAL~ lo wase 

RSUBR - ENTRYs ,s removed. h1 gcn.crnl onl_y the ENTRYs need o be kepi for a PACKAGE. This can be done 

hy s:pe:ciFyin& u,c PACKAGE u~ing 'PACKA6'E mode. SURV VOR mode should be used ff the us.cl" wishes to 

cxp1id;\y ~tc whieah R SUB, R-E NT RY s aK tu be kcpL 

6. 1 .2. GLUE as. a Program 
In additim1 to the: "GLUE" PACKAGE. there is a program in whkh GLUE aud PD UMP (:sec section 6.3} a.re 

preloaded. lt will prompt for each of ·the uS1.•al arsumcn;s. Ul GROUP-GLUE, pcrmitth1g die user to 

c:on1,1cnicn Jy GLU (and PDUMP) sc¥cr,d PACKA.GES in one session. 

OLUE 6. 
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6. 2. Glue Bits 

GLUE is able tci perform iL-. tran:.lhrm,.nions un cumpilcd or a«scmbfc-d code with the ,ajd ofa data SHttctllrc 

p1udrn;cd during a.<1scmbJy. •mis structure is .;ailed d1c GLUE nits'. his ~n ocj,Hicm pl4<:cd on lhc RSUBR 
by this FORM: 

<AND <ASSIGNED? GLUE> 
.GLUE 
<PUT ,-,s1,l,r GLUE f:h,e-bi;s:uvectar>> 

Thus ii" . GLUE is l'IOn- f A SE Lhc associadon will be nvaif:iblc w progr.ims wi hing to use it, 

hucrn~lly. the GLUE ,bits cun isl of two bits for ~ch wmd !if C\Cld'.C · n Lhc CODE clcmcm <, the RSUBR, 

follow •d by words specifying callit1i infnrrn,nion. 1-·nr each INlERNAl - ENTAY in he cotlc. lhcrc k a word 

&i'-'il'lg lhe 1mmbe ofm1;umc,us ll tur.:cs ;rnd llic uffset ofrhc ltH RNAl-ENTRV in U1c CODE UVECtO.R. 

·rnc twti biu; ror individual ins, nll'.'tiu~1 re intcrprolcd wilh the index fichl uru,c lnstrn it1n as follows; 

Hi!S O Implies the instrucUun is uninw~Ung; 

Index fi(lld ( M) and hits l i.mplics the instruct.ion is a r~fcrcnce n., tllc code i1Sclf(.1 jump, pcrim.ps): 

ndc:x nckl ( R) and bits J imp ics a. Tcfc~cncc to 1.111 imp: . .u·c slQt of U c RV ECTOR {1.hc compiler docs not 
gene mce such refcR!nces); 

Index field ( R) and bits 2 impl ies the ins ruction is an MCA L: 

lndc.x field ( R) and bits 3 implies the in<Srrm;[iOn is a reft:rcnc,e to .l puire lot or Ulc RVECTO'R'. 

Sec section 7 For more dctm l's on lhc fom,m or MDI AS&embl )' code. 

EL3. PDUMP 

Mo ptmlidcs a mechani.sirn for ~ ring compiled pr )grams among sc-veml Mf>L processes, and for 

d)'nmnical y movi~ the corn11H~d eodc in and out t1f the vrrt1.mt address space as space i needed in I.he 

intcrpi:-ctcr. ·n1is- mcclmnism i described in dctaiJ ·n S(!Ct, on 4 .2. 1 1is s tion describes how to convcn a 

1:ompilcd program intu a sh, , .iblc crsiun. known as ·m FBI N F.,st-HJ ary) vcrsiol'I of tJ 1c program. 

First Jo,1d Ehc group-purifier. 
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<US "PDLIHP") 

ext, GROUP- OAD your group (oz- groups)1
• 

<GROUP-LOAD lli,_1,qne@fi:sJriru,> 

"Ille M UL ~rngnmuning Environment 

which returns ~he group-name or the gtoup. "lllis. (al:'ld any o[.hcr groups w ~ dumped togcU1cr) is then 

' passed Ul the pure-dumper~ 

< PD UMP gmu.r:r:,rmn¢1:am,n group-rmm~2;,uom • • . > 
Th is cnm Les scvc ..-a I mes. only ne or wh · di ~·ou n ecd be cunccmcd with: 

s:11ame: sroup-r,amel fB IN 

ffsivcn mo~ lhan one grnup-n,amc, PDUMP iU crcau~ one BIN lilc ror each grnup. but only a ,single f I XUP 

and a single SAV me conL-iining 1.he: fhu.1ps and code fur a ll or the srnup.-. n..imcd The f I XUP and 'SAV files 

arc put on th~ "MUOi'MP R dir-cctory and C\'cnmally m-c inserted in the pure ~Kie Hbrary. a. dcscv bed In 

soct'ion 4.l. 

i\Ucmath·c mcltinds uf PDUMPing are 1.0 sp~ify th, 1. as an oplion in to the program GLUE (see s.cclio 

6.. 1.2), or lO use 1 p~loadcd PDUMP dira:lly nfl:cr e-1t 'iting its READER with 1t-S. 

A waming about combining GLUE nd PD UMP: ff yul.l anempt le PDUMP scvcml groups that have been 

G UEd together. you 'l!.·ill. lase. · 11.· is because Ille references to LI c 'gn1up-RSU 1BR" will all on lhc wronr,: 

UBL S.Ts. 

PDUMP al.so produce.<;. a stn1cu1rc analugous w I.he GLUE bhs (sec sc<:li.on 6.2) pmduecd by the compi1er, 

but cnnt.'linlng nn1y inrormatfol~ about the RVECTOR of the HS:UBR. foF the use urPURI FY (sec !:C'Ction 6.S). 

6.4. SUBRFY 
SUBIHfkatfon is. a wa-:, of'geuing rid of many ofthc MCALLs which could run be prru:Lic Hy removed u.sing. 

GLU . rr a F UNCT IO'N is caHcd by many cparat.c groupS, it is difficult o GLUE it to aU the groups o.r lO GLUE 

aU 1..hcgr ups together. 

Whnt js really mrodcd i to be able w allow somcthh;g lo be called wi I PUSH.l from separate groups 

withuut forci-ng it co be part of those groups Toils is indeed lhe case with PUS HJ entries 10 Mns . SUB Rs r n 

lhc i ntcrpreu:r). A USCT c::lin m kc his R SU BBS look I jt,e SU'BRS in Ul is ~ 

SUBRFY 1..itcs a roup. which musL be in NB IN. f(1rm, L lt purili.cs the RSUBRs and SUBR-ENTRYs in the 

group and changes them ~i lhat I.hey can be called wi1b PUSH • It. also produces a me, known as the ·prcload.' 

file. whk:h c.a.11 be used by the cumpilcf' to generate PUSHJs. 'LO Lhc fo~ions in lhc SU8Rificd group. 

PDUMP 6.3 
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SUBRFY should be loaded before loading the group to be processed. The rc8:Son for this is that it 

su11mmccs that GLUE bits s.tay around. To load SUBRFY 

<US[ "SUBRFY" > 
You should then 6ROUP-LOAO the group. Ymu group shuuld be GLUEd 11lrcady, since SUBR Y docs not. 

GLUE. the group together. 

SUD R FY can !hen be c;1Ucd in the fbllowi~g manner. 

< SUB Rf Y gmup;atam 
file-,rame.:string 
tJLtlput:chf;.1tt1el> 

wtere 

gn111p is lh~ name of the group. 

jlt()-n,mu• is (he rimnc iif Lhc me: in v. hich SUBRF V shuu d put l \C- iu ronmuinn rm.,. t.he compiler. ·n,is llclhul'ts 
10 lhc 11.!iflnC of th:c inpllt tile wilh ~Ct nd l'l.llllC "PRE LOO~. 

output is an optiona1 argu1nent which spocifms a CHANNEL m, which to print infunnat:it.1n about SUB Rf Y's 
progress. ·111c de la u1t is nt~t cu prln ,myth i Bl§;. 

TI1c file pmducc:d by SUOR FY hould b<:" FLO:AOed fur cumpilatio.ns wl ere font:Eio:ns in the SUBRificd g11oup 

arccollcd. Thisc:11. be done by FLOADins iE i111 tile ~lllings to do" part of COMn Tplaa.. 

I .ike purifi.calhm, SUBRlfieation changes the MDL. 11~c coly way to pn:s;c.,.,c the SUBRified ,group is w 

SAVE ti c MDL flcfore SAVEing lbe MD the "SUBRFY" PACK AG shuuld be romo\/cd. This c:an be done 

by doing a 

<KI.LL-S,UBRF'r> 

foHowod by a 

<&COT>. 

SUBRF'l'ing a smup ]mplics that l!be group is not going to eha1,gc at ;i11 frcqucntb,•. if ever. A new 

SUBHFYcd SAVE. file may ' c c-rc. tcd at, ny lime. am.I clcmcnisuft.hc group may be rcC(lmpilcd. Howc..,er, if 

the calling sequences or :iny of lhe fun tfons in lh.at. group chans,c. ou invaUdate any furu:tioos cornp"lcd 

uS-ing the ·pm load' fi fc for lh.lt s mup. In ~hon. ,think lWkc bcfu re tying your--scl r doy,• n. wi Lh SUB RF Y. 

6.5. Pu r-ification 

A foci lit}' exists to pcmlh the purific-al.iun of Mill . ubjccLS. Purifi:ed objects co11 c ·hared between MDL 

pn:ioosses, ~•nd also arc not c:il.amincd by 'the garbage col cotor. ·whaL .thllows ts a description or llow this 

fociUty ca'll be used. 

6.4 su1rn.FY 
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' Ille purifiC,1tim1 facility in Mm. is most useful in the crcat'un ofsuhnstcrns. un·puriflcd RVECT0Rs r 
RSUBR nd u1blcs llS<ld by su ystcms_ arc kept in g.irbagc cullcc-tcd spJCc. · 1is me-ans l.hm tlicsc objects. 

whi.ch will ne\cr become g:irbagc • .ire c~mnincd at c:1ch g.1rbngc cuflc-clfon. slowing down 1he garbage 

coUcc.i;ion proc:css. lso. ff t.wo pcop?c .ire using tile Mtnc subsy: tern. t.hcy c:an1101 share the t.:1blcs and RSUB Rs 

k ~pl in garbage col'lec-tcd space. Uy LL~i ng pu ri ftciic iu n these two pl'I iMcms cm1 be a lie,,. iat.cd. 

~, rm,j f;• 1110:st objects. the u:sc:r c,1n call Lile PURI FY SUBR. ·r, c ubjc-ct wm be purified, md :ill references 

m th:H, bjcct io the Ml'll core image will be ch:micd hl poin to Lhe new PLU'C ubjccl. This simple method 

c:-,mnot be used in the case 9r RSUBR~.. Purirtcmian t1f RSUB Rs is :!l s.cvcr-11 ~-t p proc:-C1>1:> beginning wilh 

comp ·1'11ciion. 

6 a5.1. Purifying RSUBRs 

Onec ynur FB N t,r NB IN is ready you c::in actually d11 pu1ific.nion. To do Lhis Ii 

<USE ''PURITY") 

Th1s PACKAGE cmH,1ins the m1nmc-s needed [u Pltrify RSUBRs. ']l'l.en GROUP- LOAD U1c files you wish lO 

have pu1ifled. On~ lhis is done \YPC 

<G ,ROUP - PURI FY gm,,J':nwm our1m1.~chm111ef> 

l'his wm pul"'ify nd link all RSU8 R~ .md RSUBR -E NT RYs n the gro1.1p itrtd will also attempt to pu Uy any 

JISUBRs ur RSuen- NTIH's c llcd by I.he group. Gi ing the upuona1 cl,amu!I ill cause GROUP-PURI Y 10 

print i ,rorrnm.ion cunccming the pr igrcss ufthc puri rii'c.iUon. 

GROUP-PURIFY' wit! ml)' purif RSU8Rs nd RSUBfl -E.NTRV . In o:rdeF ro ptiril\r tabtcs, cEc. use the 

PUH I fY .SUBR directly. Since purlfi.catfon ts an cxtrcm<:-ly ci1pensive upcr:uion, it is reeommc11dcd rhat you 

c.oUcct together the things you wish Lu puriry into al I ST, VECTOR. etc. il!ld purify lhat Sln!Cturcd object. 

Once pmifo;-ation h· ~ cxx:urnIXL ~ end things may be du , e w reco e:r was'l:Cd garbage co11octed space.. 

The user can get .rid o , 1rhc "PURI TY~ PACKAGE by doing a 

<KILL t PURITY> 

'l"hc user can also remove much of Iha ovcrhc·ad ur keeping II gmup around by UNASSIG ing lhe 

gr<1up·rmme_ Rcmuvars of mis type should be foUwcd by an ci1pHci1 call lo the gn:rbagc cc lice or invoking lhe 

'hairy GC feature:, ~s much f Lhc .storage tn be rcg=1incd is poiriccd h> by ,t!>"J>oei:niol'ls.. ·lb,s can be done by 
<GC 0 T> 

Jn order to save a fifo wilh purified Mnr. o ~oc:;s you must SAVE. Restoring a SAVEd f'ilc with purrned Mm. 

o~jccts will cause lhose ubjccts lo sh.ire with any ulhcr M R,E ST0REd fmm the same SAVE flle. 

Purification 6.S 
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6.5 . 2. Puri f yi 091 an Envi irorunent 

any subsystems ma nta,in a list containing poin1cts to all ,the sta{ic dnta structure~ built by th,u . 
subsystem: disp. lch tabk~. data bases. and .so on. The list can be giYcn u1 PURI f Y lo mmt1 all its components 

Imo the pure area. Howcve • there are ott.cr slruc-tur-cs in garhagc ,collccticd space that m.iy be purilicd: e.g.. 

the AVE CTORs or RSUBRs.. RSUBR DEC Ls, and 00 on. 

-11,e "CLEAN'" PACKA:GE examines Ui~e stn.1cturcs. locil:;i11g for thvsc which ma}1 be purified. lt may .:i1so 

cu cd for infonnatio al urposcs. To get it 

<USE .. CLEA,N " > 
'' CLEAN" has one majm· EN1RY. CLEANUP. which cii:amifles e ery A OM orcycry OBLlST in U1c Mm _ ll 

nl, ) ' perlbnn a Yariaty of functions. but it is 'ffl.~)s flikn used tn .mnkc DEC Ls share shir,1gc and to ac: l.lffl 1latc a 

L I ST u r pmifmblc s.tmc( t.H"C'!L An or its arguments ar,c optional. 

<CLEAN UP prlut?:bouiean 
,. .,.n?.:brx,iecm 
de-t:l?;boo/ean 
gded?: boolea,1 
p~,-e?:boolean 
t:heck?:·lxJolean 
avoid: /jst· u.f oblists> 

prim? i::. by dcf.u.1 IL FI\ SE. U non· f AL SE. in fonmufon abou L each A TOM exam i ncd will be p rl n led as 
CLEANUP rans. 1llis is a fut ofinf'ormation. 

llSl!'t"! is hy dcrauh T - If non· f ALSE. the lIS,T.s of ohjec1ts PTC\'iOt,l'sty collected ill be reset bcrorn CLEANUP 
runs. 

dee:-/? is by de-fault . Jf nun-f Al SE, c.ich D ECL clcmcm wlH be made tu exist c:t~LI.Y once in I.he e11tiTc core 
ima,ge. E g .• there will bcnnly one copy ofchc O CL <LIST [Rf:ST FIX]> in (hi': core in1age. 

gdedl is by default T. It is simHai- lo decl?. bul refers to GDEC Ls.. 

pure? tells whclhcr ru m akc a LI ST of all the purlfi.aMc obj ect:s in the oore image. h is by de fault T. 

check? tc fs whclhcr to mate lS , s of all 1.he TY PEs HSUBRs, RSUBR- E N RYS. etc. in Lhc c re image. ll is 
by dc-fa~lt T. 

tnoid is a 1ST of OB IS ~ not w loulc in; h is by dclau!t the- OOLISTs as..S<liCiat.cd with "C.L'EAN" and 
"PUR I'll'"'. 

CLEANUP returns (if p ure? is non-FALSE} !Un.icLurc (.also stored as the GVA uf PURELST} which mny be 

given to PURIFY. 

Tire i:-~uhs of running CLEANUP may be examined by 

6.S PuriHca[on 
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<PRI NT-CLEARUP') 

A lhc nbjc l in running CLEANUP is ru shrink the si;,.c of ,u1e·s MnL and its garbngc-coHoctcd space, it is 

useful to be ribl Q tu rcmuvc CLE AM a ft.er it has, done its worli:. 

<FLUSH-CL£ NUP> 

n;:rnuvcsc ery11.hifl.l!: associmed whh the: PACKAGE from the MDL 

6.5.3. Purification Summary 

In a silnpl.ecase. nnc can purify a ·subsystem· ofonc group maxima11y by 

<USE "PURITY~ ~CLEAN"> 
<GROUP LOAD "foo .. > 
<CLEANUP> 
<: GROUP - PURIFY foo) 
< kl LL: PURITY> 
<f USH-C EANUP> 
<GC O 1> 
<SAVE .. foe"> 

6 .6. TEM PLA TEs 
·n1c PR tHT'I:' PE TEMPLATE ems down 1n the need for sloragc: by nllowt11g the u!'.cr ro specify cxaclf)" what 

he wants a slnlc:Uucd obJCCt w con min, s milar to ·st.ruNurcs• in PL/I or C. 

To tlSC lhis Feature one musr ere ne a n~w TYPE of PR IMTV PE TE1MPLAT E. 1ni cnn be ac,co 1nplished by 

using (he RSUBR TEMPLATE. "Inc p1tx:ed1.m:· fu doing so is: 

<USE "TEMPLATE ·~> 

<TEMPLATE ,tJame.-atwu ;mfQ ••• > 
where ,.1ame is the name or the new TYPE aITTd spocs arc spocifkations fQr each c cment nf lhc TEMP ATE. 

111 is r tu nl s 1hc T 'II' PIE nam~ of 1hc l E. MP LATE and ere tcs :!I crc::itll~ of f E MP LA 1 Es uf TYPE name, called 

name itself. whkh can be applied tuargum.1;1nts tu create objocLSuflhat TYPE of TEMPLATE. 

The sp«ific-atkrn for lh~ clements c-,111, be ofsc cral forms. lu:.an be one of 

a TYPE: ty~.'"tltam 

a 2-clcincnt l IS T: ( type:tUom le11g1hifu:) 

a 3-clcmcnt !.ST; ((ype:alam J~ugtl,:fix c.ount:foc) 

lklow re: umc cx.aimp!cs alu ng w:i tli ~planalions: 

Purification ·l'i.S 
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LISl 

is an 18 bit IST pointer. 

( FIi( 18) 

a l1atrw rd flJ( (can be batlit pos,ilivc nd negative a dis ohcckcd ror overflow). 

{ FLOAT 18) 

n 

is. an ]8 bjt FLOAT (whi h b the cft. halrword of a nomlal" .f OAT and there.fore somewhat ~:wicts the 

1:>rccision ). 

(FIX n) 

(whc~ n .i!, less Ulan 18) is .i pusiti¥e FIX orJength ,, bl (is nllL 1:hcckcd ron1vc.-Row). 

BOOLEAN 

is nol Mm. T'l'PIE , but <'I unc bit f ALSE or nrnl· F ALSE dcr,cnding on hCii.her the hiL is 0 OE" l. 

(UVECTOR 18 n) 

is an 18 bit UVfCTOR poinlcr. "Ille UVECJOR is.uflength 11, 11,c s.imccan c done for VECTORs, 

{ STRING 36 li) 

is a J6 bit stn ng byte puin cc.-, ' 111c STRING i of le ngdi n. 

A.NY 

i not a MDI TYPE. rathci:- anything i::an go here. Thi is rclti iv-<:ly incmc:icnt to use in TE P LA E. :is. It 1.1kcs 

up,2 wm'ds. 

ln 01"dcr lo provjdc more nexihmty in usi,ig TEMPLATEs. two olher field re i!Tlowcd. 1:111 rJptiaual licld 

and a rest field. ·111c aptio11al ric1d allows 1hc u:.or to create T EMPLATIE TYP s which will l1avc Lhc S..'lmc basic 

structure b!Jl which can have optium.1.J element! determined when the actual TEMPLATE s crcaLcd. 'Ille res-r 

lickL like tillie Q;)licmal field. allows elements ~o be (lptionul bul spcc' fics a pattern fl r ny c?cmcnl. that a.re 

added on. rt is <1il<11 u{ltJu,s to REST in DECLs. Scpo1,,nhm of fields is accom11lishcd by 'lhc use of the strings 

"RE ST'" and •• OPT IOQA " . For exampte: 

<TEMPLl'ITE 'FOO FIX "OPTIONAL" LIST BOOLEAN RESlu F Q,J\ > 
Th.is creates a T''l'PE FOO of PRIHTYPE TEMPLATE which alw~J' has a FIX as lhe fir..t element.. c.an have a 

L 1ST as a second clcmcni:. c1rn have a one b ·t J or #FA SE () us lhc d1ird element and ca have ny number· 

uf FLOATs from Lhc fhul1.h crcrncnt on. 

6~6. 1 . Use of TEMPLATES 

T,EMPLATE YPEs may be C:haughl or as primitive TY'PES. in thaL U11:y cacil have a uniqu~ storage 

rcpl'cscn,taticn. On !he 01.hcr hand. the YPEPR , M of m1y TlfMPILATE TYPE is TEMPLATE. A primlllve 

TEMPLATE (which canno~ truly cidst in tlic: hmgu.ige) would out lilce. 

6.6 TEMPLATEs. 
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lfoa1 fEMIPLATE TYPEs are rcprese11Jtod 11s. N WTVPEs oflhis primi\i e TEMPLATE TYPE. 

t1type-11a1.ne { ••• elemet11s. . • } 

Tl"lis mcLhod is silinilar lo the usual method n MO!. for representing any new YPE, in that a RESTcd 

1' MPLATE wm be prtnrnd "CHTlPEd W hs PRIMTVPE ." olc 1.h.ata TEMPLATE so printed eannot be read by 

R :AD: n 'primitive TEMPLATE ' canr1L1t ex isl. It is bCSL to a uid priming RES cl1 T EMPLA Es. 

Rclow a.re some examples ofme use orTEMPLAT tEs. 

<lE.MPLATE HAR · 
FIX 
"OPT .I ONAL n BOOLE.AN 

BAR 

<BAR l>S 
1!8AR {I) 

(BAR I J>S 
•SAR {1 T} 

"REST .. (FIX 18} (FLOAT 18)>S 

<:BA:R 1. <> 1 1. O:>$ 
MBAR {1 #FALSE ( l l t .10) 

CSET A <BAR 1 C) I 1.9 2>>$ 
,SAR {l ;f'f,I\LSE () 1 1.8984375 2} 

<P'UT .A 1 S>S 
~BAR {0 #FALSE () l 1.898~375 2} 

<PUl .A 4 1.999)$ 
#BAR (6 MfALSE () 1 1.9960937 2} 

<TEMPLATE BAR ( STRING 36 4 ), "R£ST" ,AH:Y>S 
#FALSE (~ALREADY A TEMPLATE") 

(TEMPLATE 8AR1 (STRING 36 4) •REST~ ANY>S 
DAR:l 

TF..MPLATEs 
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<SET A <BARl "HELP" 2 () <>>>S 
#BARl [•HELPtt 2 () #FALSE ()} 

(PUl .A "G00D">S 
OBARl {MGOOD• 2 ()~FALSE()} 

< PU · • A l "GOOD - BYE ">S 

•ERROR• 
TEMPlATE - TYPE-Vl0LAJIO 
PUT 
LIST NlNG-AT-LEVEL 2 PROCESS l 

6.6 .2. Assembly of TEM PLA TEs 

HJ 

Or1cc 1,1 ~l of lEMPLATE TYPfs l-i c~atcd. ,1s for Lhc TYPf deti'111itions t)r a i;;ub:;y tcm, it ·1vcs time to 

store .iw y the ' cmnpikd' TEMPLATE gcncrawrs nnd nol rocrn.au- them c::1.1,:h time the dcliniEions are ta be 

tised. 

' tl1c " TE MHAK •• PACKAGE nwdifk:s files which de-fine TEMPLATE l YPEs to conruin Lhc T El'tPLIHE 

d~criplions and RSUBRs F.\lher tha.n ·~he calls rn TEMPLATE. 1.t is unly t<Sefiil , of t:UI.HSC, when the 

TEMPLATEs are d~ fined in a fih:l w!fich will nOL normally be oditoo. since I.he new mes re in "ND IN' ranm1L 

T1~ u.ad thics PACKAGE, 

<USE ~l' E HAIK") 

· nu: P A·C IC: AGE has two entries. 

C: TEMP LAT E - OUM P gm1~u;.m,me:.atom> 

Lakes 1hc gruup and modifies. it such that <tJS ~ T IMPUl.r E" > becomes <USIE MT MI-ILP ''). and aH 

lup-1,:,i• I in uc,nions u lEMPLATE a'fc ropb,ccd by caUs to BU J LD - TEMPLA E ("l" l.he T MPLJ\TE 

dc.scril'Hions), SE TGs of the T EMIPLATE·gencrating RSUBR i!nd the GLUE bilS tar llm RSUBR 

<FILE-TEMP ATE hmm.-srri11g w1put:srrhJg:> 

takes nn iuput fik and pcrronns Ule :imc crvicc, GR0UP - 0UMPi11g dm res.uh Lo U1c upLhmul or.tlJmt li1c (by 

det'!:1ult t c same file wirn So('C'!md name '"NB r,,"). · 'his is useful fur lites which c111'1U:1in nmhing but TYPE 

1cfinhinns. ii common practice i n l.irgic subsystems. 

ErLhc TEMPLATE iYPh arc defined i n a file whlcl1 will be c<.JHcd frequently. a different. set of mu incs is 

U:.cd .ancr c !"Cuting 1.hc TEMPLATE TY PEs; 

6.6 THMPLATl:s 
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<DUMP- T MP LAT ,ES dr~·aipl imu·::sirlrig> 

pl~ccs the TEMPLATE dcscriptinns {not the RSUB Rs) in I.he pcd!icd Jescr-iplifms fiJc. It doi:s so fur aH 

EMP ATE TYPES i::urrc1uly dclincd. 

<'.DUMP- RSUORS C,'fY(Jrtf.".~lrir,c 1emp1t1f('--ll•pr;a(Qm • . • > 
will p<:d'orm lhc s.m1e scn·ic:,e for lhc T PLATf-gcm:rrat1ng RSUBR or the 'tP£ , gi\/CII as the second and 

later ~liglll en s [ l DUMP- RSUBFIS. 

Th c re w il1 now bC' two Ii k·s-, one containing lhC T E MP' LATE dcel'Criptinn~ and chc: uthc lh c 'R SUB Rs. These 

may now he US.Cd l) create Lh1: T EMPLAi TY PEs. wilhoul USE ing ~ T EMPlATE y. To do so· 

<USE "TEMHl P"> 

•1nis defines lhi:: RSUB Rs needed let 11':e lhe T'E MPU\ TE dcscripliun and mnke lhcm useful to MDL 

< LOAD deS(·riplfm1s:s1rin,:> 

lhc me l) i.h."sc1°ip1i ms (the file c-rcuc!XI wilh DUMP-TEMPLATES): thi· nuHl be luadcd before 1.hc RSUIBRs 

me. Then lo.id Lhc- llSUBRs fll~ (the file cre.,1wd b;• DUMP-RSUBRS): 

< F LOAD rwbrs:st,,-ing> 

Fur mmdmum co1wcnic1\CC- it may be ncc~s:o ry to pul .i ORM In mes llrnt. crc.;1lc T E.MPLAiEs; if the 

T MP L fl TIE files dcsc:libcd hcr-e ex. i:<.t. F lo AD them: othcrw-isc. <USE " T :E. MP LATE R > .rm:1 ere-ate the 

TEHPLA. s from sc-ra:tch. I · is of t:mirsc possible rn 1n:amii Uy mcirgc the two T EMPlATE definition files 

(pref(: 1bly by us1ng GROUP-LOAD :md GROUP-DUMP). so long a .. <: Lhc 1EMPLA11'!E d~ rlptlofl precede the 

EMPLAT E RSUBRs.. 

TEMPLAT RSUBRs arc erearod wUlll GLUE bits. soil i:. possible kl glue them inCo groupS and to purify 

lhe.m. 

6.6 
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7. The Assembler 
his occasionally necessary to wriLe MDL rotttines in ass~mbly fao&; age usually lo interface wi.th a f"cature 

,11r Lhc opcrnth1g s~t:cm not ,·ailablc in U1c inle!'rprctc:r. 1llc MDL assemble. (whkh is also used by lhc MfJ 

compifor) provides this abifty. 

7. 11. The Assembler 

·nu: Dl . as_-;.cmblcr provides the Mm user wHJ1 a means or writing RSUBRs dirC01:ly in machine language_ 

The assembler is ah:u used as lhe L>hj~ 1 siguagc o.f the compilci:-. Thi section is a description of it.he 

assc1nblcr. i-l.s use. and !IC,mc of ~t.., pscudo-opcrarions. 

7 .1_.1. General Organizatio,n 

·111c Mo =mblcr is wriuc.n tn Mm_ to produce code rn .. L nm:s: in the Mm cn,•iromncnt. It takes 

nrgumcnlS in the folrawing fom1 

<fl L . -ASSEMBLE /JJpJY;D{c:string 
01rtv111-jile:string 
quick :baa·lea:n> 

'rhc :u'gt mcnts are a11 i1~put·file containing MDI . asscmbl}• code (possibly ro.- ~,..eraJ RSUBR>s), an or,lion.il 

owpr,u-flle in which to l)ut Lhc b ·nary outpul {by dcrauh the same file as h,pu1 but with second me name 

"ND IN~). and an upfomal third ars1,1n1cm w ich lCll:s whcLhcr tu use NB IN fonnat output_ :md whkh under 

numrnl circumstances shou]d always be T. There arc rour uthcroptlonal a~gumcnl5 which arc the same as the 

sccomJ throug fHtb arguments of ASSEMBLE. 

<ASSEMBLE l!iltb!_ 
lc:,i!a/S 
rnessages 
list 
symbol:t> 

(AH lhc arguments a~ optional witlil the C:itccption of body.) 

bi.>dJ· may be a CHANN L, tn wMch c:isc ~111 instructions in lhc tile associated Y.'ith the CttA!\lt,E arc scmblt"d. 
ur i L may be a structu1.cd nbjocL. in w htch case a 11 i u structio11s in 1hc uhjccL .:'l re usscmblcd. 

locnl!: spccifiCl I.he OB S w use fur !oc.il syl1ilbul 1nul:up when t:hc budy is a CHANN L. ·111c dcP.iuU is: 
< • 0 BL l ST> whc 1 Lhc assc:1111 Mer is c.alled, 

m,·ssa.ges is a CHANNEL 'to n:ccivc crroi:- m~,ge...._ etc. rt dcnu.11ts to . M SSAG E-CHANN'E L. 

list is a CHANNEL m receive an assembly listing. Tf lisl i~ nol suppHcd. nn listing is gene.rated. Ir list is a 
non- f ALSE nnn· CHANNEL, and ,~.le sag.es is a CHANN1EL . then the ltu!!.'sagl'.s CUANN.E L win roceivc the 

address of each Jabel. r fli:s1 is a FALSE. thc_n no Jisling is prod uccd. The defou it is . LJ NE - CH ANNE L 

1.0 
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(ln.iti:1Uy L lNE - ,C:HANNE L is FALSE •. ) 

sJ·wbc.1/s indicates rlrnc ll at ;1 o,o, ~inbol tt1b c or.au u-,c rabc1 for use with ~RDB" (sec so:1i.on 7.2) wiJJ be 
generated . "ll1e de raul l i . MAKE -S YM-1 AB E ( 11, i liuUy MA I( -SYM- A8 l E is f AL SE.) 

7.1.2. The Assembler as a Program 

TI1c asscmbT~v also c1\i ts a. p ogn:un c-allcd ASSE M, which encapsulatcS FI LE-ASS'EMBLE. 

7. 1 .3. Format of Assemble r~s Source 
The DL as.s;cmbh:r"s cqui,· 11c, l llf' line of code is< FORM. It asscmhlcs FORMS inlo 11 lruCttu sin l'!'UI.Ch 

Lhc same way I hat a typical as.'iCmbkr lrc·1.L<; 'lin~ ofsoun.;c: rndc. A. T0Ms al the t.np le cl (i.e. noL in FORM!.) are 

t.re,llcd -'1'- 1abcb ... ' l11c f0RM arc assembled based nn the TYPE or lht: GVAL ol' U,c n~sl ATOM i1.1 the FORM. 

·111c GVALS nf ATOMS whose PNI\ME ;ffC lli • P1>P- ]O tllSU'I.ICliun . .ire or TYPE OPCODE (PR IMTY PE WORD~ 

t.hc •v:11 c woru· has the J6 bit value of lhc ins.'l.n.rcl1m1. Fur e~i1mple. in 

<:MO,VE A'"' 1 (B )> 

lhc value or MOVE (in the OP OB LI ST) i #OPCODE • 20(] 000 D00 ooo•. ·n1i~ fO~M is. 5CIUh1Cd dirccl.l:y 

lnui -n instn1c-tion. 

1F dlc GV ·L of lhc lir~'I. ATOM in a FORM i, somclhing ppr tiblc (SUBR. UNCTION. RSUBR etc.) lhC 

FORM l · EVALcd , od th-c rc-stihil'lg SPLICE Jf ORMS is as.~mblcd. 'Jl1is is lrnw macros ~.rnd pseudo-ops are 

implemented. Nori.cc ·ihat a p$c,udo-uri o-r macro may p :ruducc no code by returning, an empty SPLICE. 

7 ii 4 Inst rucUon Assembly 

Ha,..ing uctcrmin"--d dr.lit a FORM is goiP.g Lo a&Sembtc into an in -ln.lction, the asscmbfr::. basic.illy adds up 

the vah.Jcs fall Ille il:Cms in the FORM. In he case nf i,tcms of TYPE OPCODE. a fu i 36 bir add is pcrfurmcd. 

hems uf TYPE ADDR 1ES.S ~fer to labels h, the program. Since Che code js all location in<SCnsitivc 3nd wm 
muvc around during garbngc coHcctinn. ref"C'.renccs to labels must be indcx.cd hy accu,mu1ator M. the base 

rregi:s.rcr. ·mere rore, bbcl symbol · · nduc.lc an M in lhc le n h, 1 f .ind must ,1r.sci he added in ilh a fu 1- wmd add. 

hems of PR I MIY PE WORD ntluu than OPCODES. and ADDRE SScs <1rc A1ND8cd with •777 77 7 • before being 

added. and lhc carry from right ha1r to lcfl: half is s.upprc · od. W : en ATOMS .ire ru nd in FORMs th;rt are being 

s.c1T1h1cd ink! insu-ucfams. :..poci.a! 1i1otup rules arc in effect. lf I.he ATOM has a, g_lobal aluc. ll1ar value is 

used. fflhc ATOM d '.l.>CS nnL have a glob,d v::ih1c but has a locnl value. it· used. 1rthc ATOM ti-:tS ll'lcil!hc:r a local 

or gl'obal \•al , e, it is ~um.cd to be a local !<yrnbol ror th.is assembly. Tn tl-!is cllS_e the symbol value irs used if Ii 

as al ready been den ncd, oUu::rwise i Us added to a list. uf as yet undefined symbols. 

"Fbc Asscmb er 1.I 



Objcci.s o the. thnn ATOt,t; u.r PRIM TYPE WORDs cause the a~mb le,- take spccia1 action. 

- LI STs arc used lo indicate swapping left aind right halves. Fuf" c<xample 
<: MOVE ( l)> 

woukl put the 1 in the imdcx fic]d oflhc MOVE in lru ti:on (. imilar to MIDAS). 

- A V Ci OR indicates a constant. The VECTOR may c1.u1t.'lin :1ny number or FORM:s to be assembled 
at Ule end n rthc p mg .-m. ror exmnp!e: 

<PUSH TP• [<1 (1)>]> 

pushc cons.tam cnnt,li n i g I in I.he Fig.tu and le ft halves. 

- A. FOAM is. ·i mply EVA.Led and the v;due rcLumcd is used. 

7 _ 1 .5. fnitial Symbols 

The ODLl ST :stn1cuirc in ~ffcct during asseinbly is 

( fJP mdl DE FA ULT local :root) 

H7 

Th~ 08 IST op L m11ncd OP' and 1:'0 rnins the PJ P· JO, opcodes. the Ml I occmnufatm dcfinitrons (.in bt..'llh 

m:cun ulmor and address fi:clds.). tmd the :.cu do-ops. -111c OBL I ST ,ml/ is named MUDDLE 1111d con wins vall.u:s 

ufman)I l.ibcls in the intc.rprc tcr. ·1 lis enables pmgnuus lU du things. m .c (JRSl' HHS> . Lhe st:Jnd.ird way 

lu ex h f"rum ,1,n R SU El R. When an instrucUu-n is assc mb led usi 11g a symba I from the MUD Dl E 08 LI ST, o fix up 

is also gcncrmcd SI, chin. H' the symbol sets a diITcrc'1t va!mi m .i new Mnr ~ the code c:.n be Jh:c up when his 

loaded. Locul i:i the user's foc,11 S}'mbDI OBL IS1i and rvol is lhc ROOT OB.LIST. 

11.s . ced carli~r. every at-cumu :nor has two symbols nssodal.Cd w.ith il, uric for lhc address fidd and one 

for the ac:cumulawr field. This is because· llicr-e is nu syntm:. co specif)' which field is inicndcd. ' I1"ic address 

sym.bol is simp]}' (he acc1. mulatofs name. ad Ulc ao:::umulator s.ymll>ol i,s. the mime with an as~crisl: (•) 
appended to it.; e.g .• A versus A• . 

7.1.6. Macro Writing 

Whcm.wcr . .:in clcmc11t or subclcmcm or an tl~SEru:C"tion Is a fORH , nd 1.hc !'ksc ckmcnc of the fOAM has an 

APPLICA8 E 6VAL. tl'1c ORM iscvolualod and U1c rt"Sull (unless it L<, 11 SPLICE) is 1·c-c,aluawd :is ffit were 

in pl ace n rt.he F ORN. T 1is rc.itu re cons.titu tes the assc1nblcr's macro fac-m ty .. 

. 
Pur c:urnpatihillty between "lop-level' macros, wh]ch generate whole inscruclions.. and mocms which 

generate p,arL-;: t1f mi. inscructinn. cup-Jc d 1nacros, m,ay wish to reatuni several instructions. To indicate ilia 

what ts rccurncd is several i1iscrucHnns, it is nccessmy LO return an object of type SPLICE (PRIMTYPf LIST}. 

The clcmcnis arthc SPLICE arc- trc.ucd as individu i instructions. An cmpl,;, SPLICE m.ay be returned !Tom 

7.1 
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a macro wh ic:h is par1: of an instruction, and the effect is as if a O were rnuimcd. · Ill is i'S u,c only SPLICE 

which may be: returned from a: macro which i,s 11 pal't fan instruction. 

7. 1 . 7. Pseudo Ope rations 
11m n~xl ptirt of this docun"lcnt ill describe pseudo-ops available in th Mm. assembler. There is no 

difference bot e-cn a pSC,udo-op a.i,d macn., in the sscmblcr ex.c-cpL Urnt Lhc: ps udL}~ope.r.atim1s nliC :supplied 

by the ystcm.. 

(TITLE r,,;w1r,·s1rbu:> 
Tnis ls. bout the only required ~udo-op. 1t rn.ust be dlc first instntc-tion lo b<: assembled. JL mkes one 

;1rgumenL. tht" lh me or Lhc RSUOR being a::,-scmb1cd. r ,Kldiliu11ul TIT LEs me fuund in a lik being 

,1ss.cmb!C'd. U1cy arc a ·s 1mcd tu both end the prn,.,ious RSUBR ,md begin the nc.:-.1.. ' ll'IC ;,1,sscmbler pdnts each 

T .E . LE on the mcssus,c C~ANNEL .1s: His. -cnc-ountcr-cd. 

<SUB- ENTR'II' fntn•:a1am dee!> 

' mis pseudo-up is used m define at.lditiunal "SUBR-Er.lTRYs for the RSU<BR being as~inblcd. Th~ emry 

• rgumcnt is the m11nc <lfthc RSUBR - ENTRY and Lhc opLiurrn~ d~·,;;I aTgumcnt is u D ,CL fo~ ttie entry. 

<INTERNAL-IE NTRV cyOzy;(l(Qm qrgs:fi.x> 
is used tu crC<!le an INTE'RNAL-ENTRY for a GLUEabfo RSUBR. Its argumcn.ts arc !he name of th.., 

HITE RNA L-Ef!ITRY and lhc number or i!rtumc1u t,h,.u will have been pushed on u,e sta.ck fa. il when i•t is 

caned. Sec also :section 7. l.9 fur dctailt: 01 writing GLUEabJc RSUBRs. 

<::DECLARE ( "VA. UE .. .!k£J. dee! dee/ •••• ) ) 

is used tu supply dccfamt.luns for the RSUBR named in the TIT LE. L must oc-cuT bef"or,e any codc-gencrralling 

i:nsU"l..lclinns. lilEC LAR i.akcs LIST as i1s one argument. ·n\c furmat orlhc LIST is ~s described in [JJ. The 

string ~vALUE .. is op Lio-rial~ if ~uppned it causes (he r,rs.t ded m da::lare lhc TYPE ur lhc value ()f lh~ RSUBR. 

~ach addition;:d ded is a.ssoci,uc.J with <inc argumenL Special STR NGs m-,y also appcM in Lhc L 1ST with lbe 

following me.a ni ags: 

"QUOT ~ The next argum.cnt is QUOT Ed {not EVALcd). 

"OPTIONAL" "Ilic rest of the arguments arc optional (Lile RSUBR mu" , supply m1y defaults fort cse). 

"CALL" 1f rMs. ppears, il must he directly afl.c;r Lil~ "VALUE a dee!. It S<l')!"S there 1s one arsumcn,t and it is the 
FORM gcnermins the c-aU (sec ff CALL" rol" f UNCT IO sin UD. 

"ARGS" This must be [he, I t STRING. l 1l says. u-cat the n=.1 of the arguments in I.he FORM ~ a LIST and 
pass lt s the a~um-ent (sec "ARGSH for fUNC IONs in 13D, 

The Assemb e-r 7.1 
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<END) 

indic..uas 1.hc: end or:tn RSUBR o~ g.ruup orRSUBRs. On iy !he tc:i:.t between TITLE and END ps-cud~ops. wiU 

be pFOCcsscd hy the sscmbicr. TI,is ma.kc-s iL 
0

possiblc to intcrmi.\ assembler source code nnd Offl'llal Mm. 

sou.rec code in the sa c: flit: (althou h ass.cmbJy musl he dune bcl'hrc cmnpi1ation in such cases'). 

< TY p E - CODE rwre:gipm > 

allows rcfcmmc:es to u,c inlerna l TYPE codes, ro both system and user defined TYPEs. ft takes unc ,arguinent. 

the MDL r 't'PE name. F"or Cl.ample; 

CMOVSI A• <TYPE-CODE FIX>> 

pucs (he TY PE code for f I .ll i mo th c lcfl. h.a1 r of .;iccum ui tor . 

C YPE - WORD lrpt',~Ol"'!!l any • • • > 
gcncrncc:. reference rn n wor'-' onntaining the TYPE code for IJ.'PC in (he lcfi ll 'If nd possibly utl Cf junk in 

tht riglu hull'. ·111c rtrs.t. 111utt~C1lE i · the TYP tH111nc aod the rcstoflhc urgume1us ,m::: iplion~l bul ir.._tlpplicd 

••re i ddl:'d inH U1c ll'ight h, If. If the- J'II' PE t nn iniEial TY PE and no rigJH h"1ffis gcncrawd. a rofc1renoc to the 

·s r 1ype' 1ocation in the in LCrpn:: L!:r is gc 111c rated. ror ex.ample. 

<PUSH p• CTYPE-WORO FIX)> 
<PUSH TP• [OJ> 

would pu ha FIX O on the stack. 

<Gn·v P m. 1r:ec;ww> 
hru. Lhc same form as a PDP..lO instru~tion. l gets the '!f PE c-odc fo.r JJ-pe into I.he right half of its 

=umulat.or fri.1m ILS ddrcss. This i'.S done by generating an appruprfatc LDB Ooad byte) insu·uction. 

<MQUO TE ohiec;t:arJJt,> 

i!Uuws I.he: RSUBR lo rcfcrcn~e g,.Trb;;igc coUCC'ted space. ll add i~~ argumcm tu d1c RVECT0,R (if il isn't 

illready there) and evalu lC · to an address oft.he furm ojJ:S-et( R). p11iming to Lhc value a.rd f'o.r abject. 

<PQUOTE o.b!Jx1,•,cmt:> 

is idcntic:21. lo < <MQUOT E ubjecr:a,iy> - I> i..e. it poin'5 lO ~c type- word, mu UH: v.:iJuc·word This is a more 

cm1sislcn t way to look at things. 

CIQUOTE ob}fc1:aw:. !abel:awm> 

is like PQUOT E except that this wiH add new cfomcnt co the rcft:rcncc VECTOR cad1 tirnc cuncd. The: 

opliono1 lab£'1 • r given de fiii1es the AT OM Lo be a la bcl rcfc rri ng m lhal clcmc DJL ·n, ic~ is the o ly wny lo refc.r to 

drnt clement again. 

< PSEUDO @1;'..-g,n,> 

c,..1,luates il ..... argument fu iL'l side cfTcct.s: and assembles no code. 

1.1 ·111c A ssemh er 
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< s ne n :JdtJg.> 

makes s ll X B I' T of lhc lc-gai ei'ml meters of,srring, 

< SQU Oz E siring sqbils.: word> 

m1:1kes SQUOZE uf lhc legal charactcrS of siring and 'Slicks lhc 1ow·urdcr four bUs of the optional sqbns n the 

hi h·ordcr r~iur bhs of the aluc. Sec the MIDAS, Manun.l (4'] for ~n cxpl:mation uft.hc SQUOZE code. 

<BYTE l!!J!!ndgn.•:flx br1e-s~ e;fix tornsion> 

E11 tnplc: <BY l E I 3 ,5 ( C ) t> ts lih < ( • 0 143 0 0 • ) ( C ) I). 

< AHG qrg,111m:,m> 
is Hl::c <,(PLO} <"' 2 <- . arg11um D >>. AR·G hould not: be used in GLUE able code. 

<STACK .n:m J ;q(lmJ :;;m2:atom SJ•mJ:atom . • . > 
rnnkcs syml a symhdl for <(TB), (Ii,>, SJ'm2 a symbol. ft r <( TB) 2>. SJ!llt). ·.:,,mbol fur < { 18) 4>. etc. 

ST ACK should nut b~ u1>ed in GLUE able code. 

<DPUSH ~ tmrV 
<DPOP ru;: ~> 
<OHOVE ~ tED) 
<:OMOVEM /& Q£U'> 

,,re the double-worn PDP· 10 "nsuucl'ions. 1-·cn citmmple, 

< 0 PUSH ac args> 

expands into 

#SP LI C ( < PUSH oc tugs> < PUSH ac orgs I>) 

<UNDE F? aw(H,ka.tom> 
cvnlunws to true only ff I.he symbol has previc1us,ly !In lhc code been \l'!IOO a symb!Jl. bul has not been 

defined. 
< I'f - NE EDEO .u::mbt,T;aMU tw_tmcliqn1 • • • > 

If <UNDEF? t,·mbal> evaluates to tmc:. Ulen all die iu::.sruclirms arc inserted al the current location. othcvwiise 

they are no'L 

<"' INSERT Jik:wa;s:tdne"> 
rates, a file and ~ads htSUUClions from it and inserts the instnu::uuns ro.,d at dlc curr,cnt place. 

7. 1 .S. The Type RSUBR 
Al RSUBR is a Ml I , object uf PAIMTYPE VECTOR. "L'hc firat clement of .in RSUBR ~ always uf 1iYPE 

CODE (or PCODE). COD£ is or PRIMT'II' PE UVEClOR, consisting of words or instructions. ·111c second clcnle:nt 

or an RSUBR js an ATOM wh"·ch ili the RSUBR's name. ff the RSU8R hus dcc;:1. mt"cms they :m: the third 

clement.. 'lb.c rest of lhc RSUBR c:ontDins MDL objcctS wh·ch must~ rcR:rcnccd by me code 
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An R'SUBR- NTRY L .::i VECTOR of two or (hroc items. The first iLCm is cithe~ n RSU8 R or un ATOM 

whose GVAL is :m RSUBR. lhc soi:-ond . an ATOM which is the entry's nmne and Lhc third is .i. DEC for he 

cnrry. The diftcrcnc:c bc·~wccn irn RSUBR and n:n RSU B R- ,ENTRY is lh:n an JlSUBR :DI ways s, rts running at 

tht" beginning of the eudc when it is caltcd whHe an RSUDR-ENlFRY u!>ua~ly srorts running somcwh.~rc in the 
lllidd lc of the code. 

7.1 .9. Writing Gluable RSUBR s 

Ccruiin ,c:unvcntkms must be 111 rowoo when writing h::md coded ASUBRs: in order to gel the mns•t benefit 

frnm G UE ing_ rr tl1e RSUBR (u r RSUOR- NTRY) has ''TUPLE" in irn DE CL. il j:, alr-c:1d_y ln the hes shape 

pc5a.-.ibl•c . In an 1lhc:r case.~. the Cude ::inc the TIT E or SU8 - E NTR'V p. cudu·up-cralitrn :; w Id SiUlply push 

the 1rg 1mcnts wnu the TP stac::1: aud PUSHJ p• lei one of lhc i,ucrn.il c,nries h.i cd o n the number of itcmili 

on Lhc tad::. /\fl.er the PUSI-IJ iE shoul<,J du :1 <JRSJ FINIS)_ All imcrnnt cm,y is set up by using the 

lNTE IUilA - ENTRY p~cudo-op whkh rnkcs two argtJincnts: an awm a11d a fu: . 'rhc a1um at: ,5 ;s if it wim:: a 

fohc-1 on the next ins1rucUuo :md inay be used as a bbcl. Thcfi.:c specifics how 111. ny items (type-value p.1,rn) 

arc un th~ srack: at 1hi.s iiiHCi"Jlnt entry. In lhc simple cnse where the~ 11rc l'ID upci •n. I .'.ll'g.L1mcn1.s. only one 

imcrn.::il en Lr)I c.-.; ists an d i rs ,nu m bcr a rgu mcm i,s cxac lb die rcq ired 1u111 bcr of ll.l'gu men ts. I f op Ii nul 

nrgun1c1as CAilit. some kind nrdispmch wiH have Lo be done. 

rn the rest oraic bod uf 1hc R.SUBR. m, refcnmccs w AB nr , e (throush the ARG o .r ST ACK pscudo-tJps oi:­

dircctl11) can he made. because after GLUEing lhcir cumeat.s may be me , ningless. AM rcfcrcnocs lo the TP 

sm-i::k musL be i ndexed by P. 1bc u ual prcc<1 u,tions co nocrn i ng the p ossiblc 1rnt)vcnu::nt of i;;ode if, n J NTG 0 

orr "!CALL is done also apply {i.e. the use or <SUBH M• { P} > t the bc-gi ming and <JRS , ,,woP.J> at the 

end ufthe code al'e essentially mandatory). 

7.2* Debugging Binary Code 

Hi nary cu:dc pl'od1.1ccd by the MnL assembler ur llm MDI. compiler may be debugged with DDI. like any 

othci:- binary code. However, al!I i11tcrfhcc bctwocn tlMt code .:ind the DDT ,enYironmcnt must exist. That. 

interface is the ~RDB" PACKAGE. It is obtafncd by 

<USE ''ROB•> 

The symbol table up:tioni!Hy produced by the assembler can be passed to DDT and .it lhc s:mn-c t.ilnc (he 

RSUB R fro~.en (movccl out of normal garb~c-c:ullcctcd space) by: 

7, The Assembler 
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<RFREE ZE uqm{';;h{:cyubr:aram> 

otc lhat m1mC'- of- r.mbr may .also rcfc: r to. a:n R SUB R- ENT RY. 

<RBREAK nn,n1~af rs,4lr;•ato,m> 

'l le MD1 . Programming S~n konmcnt 

is si m ifar. bu l in addi ti.on causes DDT to put a breakpoint al I.he A rsL insuuction of lhc RS UBR. 

If lhcm is no symbol table, RF'REE Z E and RBREAK mcre1y frcc;,,c the RS UDR and pass 1ip symb<11s ror the 

RSUBR name :;:uuJ .any sub&cnuics. 

'[n nll cases the syt\'lhots passed up are m. de up or Lhc legal SQUOZE ch rncl.t-rS (h::ttcrs.. di.giL,;, J ,s. l \ ';(. 

l \. • o rthc n< me. up to six ch 1r ctcrs.. Fov cx.nnl pl,c lhc: AT OM F O 0- " 8 LECH bccoine:~ the y mbol FOO BL E. 

(AD~ fJb/t(.·r:w1y> 

Ku,n·n~ lhc addK>Ss of CJbjecl. a FIX.. Fnr c:\,;;implc .. <.APR 1-sub,r) wou!d remrn Lh~ location ur Lhc rs11br in 

COTe. 

<RUNBREAK ,wue:afr.ml.u;;q(mg) 
clears Ole brc"'kpoim(s) al lhc: heg,irmins or the flSUBR and of any orits s-u -c;rnuies. 

7 .3. Unassem bl ing Binary Code 
Cu,wcn~ng cumpHc' or asscmb ed. him1ry ode bl.1(:k ;nro somclhing resembling lhc original asscmbl,cF 

wurcc cl)dc i.li ;mt perntion Lhat ,s per mmod prinrnrily in one situatio : racldng down a 1o . t:~m1pilcr bug. 

IL is huwc'~'<ff, alnmsL io,..a1lu11b c i,n th3l shu.ation. ·n,c PACKAGE c:unmining the unasscmblcr is "UNI\.SSM". 

•rhc main entry is 

< u NASS,EMB LE c:mtr,·r,pt{u--or:grouD 
output:t:l1mrm!I~ ar-itrinJ!. 
gl.ue'!!;l)ooiean> 

t:.t~de is dlc ubjcc~ being unasscinblcd. It is either an RSUBR (nnL an RSUBR-ENl RY. note). or an ATOM whose 

LVAL is giroup ( _screalcd by GROUP-LOAD). 

m,1tpul ,s wher-c lu put the oulpul; irit is 11. STR I G. lhcn the output is put in a file w.-th lhat name. ffimtpu/is 
a CHANNEL. I.her, output ilS done 01, lhal CHAii , EC. 'lbc lile is "~:oJe UNASSM" by default. 

g,lue? (b. dcfm1h T) tcUs wLrndlcr them arc gtm:i bi.s fhr I.he code kndcd.. If lhtm: arc non.c, 1.hi-s argurncnt 

s.huuh! be given as a FALSE. 

1lrn outpuL prnduccd by UN,ASSEMBLE i~ Hile lhc Mm . ootn.pilcr's n~mbicr inpu~ wilh the addition of 

curnn,cmts which giive code and stack offsets fur stack slots rcFcrcnccd. This inf'omrntinn 1s uscful i tracing 

exactly h;:11 is going on in me code, but il is not alw ys accurate. since the cumpilcr's stack model is 

sometimes tl_lO compl~ fur the unasscmblcr understand. 

Dcbu!l,ging_ Binary Code 7.2 
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Mrn, compi er bug .rcpons arc cJ1Cpccwd to co111L:Jjn Ml)L source imd UNASS ,MB L d compiled code if" 
possible. 

7.J Unasscmbl ing ninary Code 
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8 Info rm ational Aids 
This ch:iprcr discusses a few programs. rnosi nucn in assembly language rather- !han Mr, • which are 

nonetheless of u lO Mr>t programmers. Most arc informad1-mal aids of one son or another. They include: 

MLlDCOM. a prog,ram for c:ompnring vcrnioi.,s ora Mm . pmg. m. h isu ed by COMH T (sec sccLion S.2) [O aid 
in Lhc prepura lion or cum pile r pfan files. h . has scvcrnl useful liascs. 

MA1·. the Ma 'atsign• pmgram. produce · l"slings • . indexes and cross-mrc:m~llCC files fbr Mm progran1s. @. a 
simi,lar- program which is 1t11't Ml11 .w:;p.oc' fic. wiU perform appn)ll; matcly U'l.e s.am.Cl 1ask&. 

Mut INQ is an i11lcrface ro the ITS IPC dcv·cc intd is thcl."Cforc means t~riiHcnicling lh any Mm . lhathas 
lhc lPC d1wice en. bled. ll has an alias. STATUS, which is pm1.icubrly uscfi.11 n1r dclcITT1i11ing lhc progress 
uf oumpi atiom.. 

8. 1 • File Comparison and Checking with MUDCOM 

M UIX.UM i:. an as.wmbl~• lan,gu.igc program (not wriltcn in Mm.). hk:h nnn,c1hclcss undcrswnds me 
S}'n1 x. i1f M 1 programs. lt s used for- crnnp:nr"ing two vc~inn. of the same p1r1.1grnm. and al.so (un , er lhe 

nainc M I HK} Fu:r chc,cking the s)·ntax of llJ , source files more rnpidly than lhcy can be loaded inltO a 

MO · M IJ., OM is nut in ti:rnc:thti;:,~ an instructions musl be p cd on Lhc Jc/ ine. 

MUlX'OM understands t,he ranowing Mm. sLructuvc:s at top lcve,1: 

FUNCTI'0Ns 
MACROS 
GVALs 
LVALs 
MAINIFESf 
PACKAGE 
ENTR·Y 

EN DPACKAG E 
MS TG 

<DEFl~ FOO ..... > 
<DEFMAC BAR ..... > 
<SETG MUMBLE •••. ) 
<SET MUMBLE ..... > 

<M:SETG FOO t> is <SETG fOO I> <MAN IF ,EST FOO> 

1i c JcJ for MUl)COM in he impl t ca c is fileuami!I .flJemmre2. M liCOM will comPHrc: Ulc two files • nd 

print out inform tion concerning (hose structures it undcrsumds w i:ch hav b=n rcmo11cd. changed. or 

inserted. 

M L :OM hac::. a numbcrofs.witchcs which can be scL Tl'lcy arc given s lswilc!r. where swifch fa die name 

of Lhc sw"u:h. Cul"mncly the following swit.chcs arc useful: 

T prints totals, al I.he end of Lhc ciomparlson.. 

L prims .ill fU NC TI ONs and GVA ls in the fire. 

8.0 
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C chcd::s lhc file gi en ro:r sy,ua:,:, (only one file mime at a time). 

M f.'.hcck the me. for chc;ingcd MACRO:nrnd MANIFEST En U'l°s mode. MUDCOM will mal:c a second pass 
Lhrough the firS!I. file gh·cn in the d. looking fo:r u11 occ~••·rence:s of culls to changed MAC R0s and 
MAN Ii f ES M UDCOM will constdcr FUNCT lONs m:,king sut::h can· ,is ha'lling been •ch ngcd· nnd will tell 

which MltlC'RO OF MAN I FEST caused the •change". 

The fullowir1g other j,·I is u11e:'lcr..tood by M POO<M: 

( atr..t1,, • • • l appearing bcrm-c the Ii c nome:s in the )'cl will cause Muoco I m t.hinli: thal lhosc FUNCT ONs 
h,,,·e been clrnngcd .. md w·11 prlm. them as such • 

.. fll~11mul'" , ppc.iring anyw ere in l.hc J 1 causes commands to be .read from Lha1 fifo un(1 the end-or-fife is 

rnachcd. 

{/ile,ram 

AUascs ofMuDCOM: 

1. MUOCII K. MUDCHK jiftwamcchccks a Ii.le for Ml:>:1 . synlax errors. Tiiis is tJ,c smne as 

MUDCOM ✓C filename 

1:. Mu1,1.s-1·. MUD ST fl/.t!name lists~ I FUNCT IONs and GVALs fi und in the file. This is the same as 

MlJD COM /L fllt!aam·e 

J. M UDi::ND. ~ MUDF ND mom . . • {filr fi/eJ scan:hcs files ro; FUNCT I'ONs/GVA.Ls catlc.d atoms. It 
can be used fb rinding a f UNC TI ON in haystack. This is the S..'\Alc as 

MUIDCOM ( atom atom) {fll~ .fll~} 

Since iypi ng th is can be tcd i (Y it is casi~ r 1n use 1:hc ~ 1' i 1 on ame " con vcnhan and h.1\'C a disk 
file co:nlai,ning rhc files to, b<! scarc:lrnd (~urroundcd by {}s}. Thus. 

MUDfHD FOO BAR BLETCH RMARC ;?ORI( fl LE Sn 

will k,ak fur i:hc cypicaL FUNCTION names in the fires spccHlcd in MARC; ZORK f ILES. 

8.2. The MDL Listing Program MAT 

Mirr ·s a prugra:m fu!" pmduc:in,g !i.sti~gs of MnL prog ms un the Xerox Graphics Printer (XGP) or a 

lincpria1cr. (Ml\ is short for •Mm. A1:.-.ign·, aftci:- the gcneraJ listing p.rogrmn named 18). 

Desi des a I is.ling o hhc p rogra:rn i tscl r. MAT incl udcs a symbol tab le -- a 1 isl of de nncd t,bjects (arguments to 

DE F NE,, SET G. etc:.) .n,nd optionally a cros1M•cf'crcnc:c li'lili ng - a 1tst of every place in the p mg ram each ATO.M 

is used MA can atso III pcoducc a rceord ,fie, so that the R~I time MAT is run on the same program. only pages 

that have changed will be p.rim'ed. 

Fit:o Compmison and Chocking with MUOCOM 8.1 
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MA1· is invoked wiU, 4l)C'I Hnc in the following fonnat: 

MA lre.r-uu.1pu1if_1pur-jile.s . • lnvftch_es ••• 

More sp-ccifical y. it takes any number of inpul fiiJcs (sep11mtcd on the jcl line by commas} and produces a 

listing of Lhc:m in the oulpl41 me, wil:h options spec Ficd by the switches (om::h pr«,edcd by a I. and op'tio1taJly a 

.-ea:ird file lr-e,: •(~e SCClion 8. '2.4). 

The rJtilput ffr,c n,. me dcfau~ts on ITS lo :.runw1u1~ h1pw 'l'I 01/' @XG P depending mi whether the X sw ccb is 

used. and on Tc.lle:w.rrot,s-20 to i11put. MAT or i1lfJU1. XGP in the c:onnccuxl di:rccto[}'. 

8.2. 1 . MAT Switches 

·111 e Sf>eei fie rts u r t1ptim1s II va ila hie in, M ,, T 11m controlled by a vu ricfy ors hches Md~ dctc,rmi nc such 

lhin~ ~s whcU1c,r 10 prudm:c :JJ cmss·rcfcrcncc listing, whether hi use Ehc GP as the outp·ul device, • rid so 

on. ' Ille follo•wh1g switches arc implemc-mcd: 

IC 

1:auscs .- cmss·rcfcrcnce Usai1)t; to be: produced. ·n,is is • table shuwhig ~ach reference lo cm:h ATOM (othm:­

dlan SUB.Rs. FSUBRS. and locals} in the iuput files. 

/0 [file-name] 

spocificsfilf'""mwrt' die file cnntaining the u=-cl?'s dctinition:s. lkfin lions are discussed in detail bce1o,w. 

/ f [ It! )N-ft.mt, hrndcr-fom. cu1m1rent•fom] 

spcctfics tiri XOP fcnt.,; rouse: in the 01Jlp1,1t Hie. lacy arc resJJCCt.ivcly \111:: font to use for lh.c pmgram it~tf'. 

the fonL for s,ubtiUcs .:ind olhc:r headers, and the fonl fm Ml COMM Nls and Wp-h: cl STR I NGs-. ·tbe 

d~ll llh directory is FONTS and the default second mo name is KSl. The dcfauh fom is 20fG. IF al'so causes 

a / X to b<l peFformed, 

/ I [flle-nam.e] 

pccmcs file which. cont.lin~ ti/le nam~ of inp,ut files. Thi~ is in lieu of typil:l8, them all in each time MAT is 

run. useful for targc !rnbsystcms im:mporating m.'lny files. The inpuL file ~ Ustcc.l should be scparau:d by 

commas oF ca rria,go-rcLu rns. 

/N 

causes output ohrnly t1'1c symbo] tables and cross-reference lisLing(ifspociflcd). No heading o~ tit.le pag~ arc 

produced. 

/P 

011 ITS. V JH. RE Ts a : P R0C ED o DDT and cont:in ucs. Uscf:tl I for ong MAT runs. 

!1.2 T he MDL Lis:Lins Program MAT 
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IQ[ mersage] 

prints messageut the bonom of each page: The dcr.m.Jtt isa copyright message. 

✓R 

ere res a Tccord Iii e ( thls is au rum tic if· Jr-«=· is used). Sec below for dct.ai Is abuut rccor-d fl.lcs. 

,s 
oulputs each me in a muhipk file Ustillg separately. 

IT[unml"I ljame2] 

:spodffo:s nam~s to use on the lit1e page (In lieu of the tile names of tirst illput me). 
/U 

prints , cparn[C' syrnbul l<1b1~ fol'" c · · h lype nr ddhacd item in the tiJJJl~l nh."{s) ,~.g. FUNCT ION1 GVAL. etc.). 

/X 

dac·larcs that outpuL ~s to be for lhc XOP. ·111is ch:rn,gcs the default uutpu1 tile second name lo @XGP. If /f" is 

used I X is d1.1nc a ut.omatically. 

8.2.2. SubUtles 

Subtitles can be used by inc:h1dl11ng STR INGs in am inpuE lilc whh;h begin with the wnrd SUDT I TLE. The 

rcm~i ndcr u r the s TR I NG will be used :i.s r,an of th~ hcndc r of e.1ch u npu p.,sc u mi I ,~ nihcr _ u,b title is 

fc~ ind ·n,c S iU r,m need not be a COMM EM • Subii1les rnny have- .i m xim m r7!) cha ctcrs. 

Auy tTifo containing subtit1es wiU httvc a 'I.able of contents nl the beginni11g af Lhc liSil..iing. 

·n,c facility C;l\iSlS in MAT to cause uscr ·sp0dl'icd nctions lO occur .n. t.he Eimc a spocilk ATOM is abo 1t lO be 

cruss-rcfcrcnced. 1hc most import: n use or d i is fur funclion which define Lh ns.s wl "c:h tic user wo ld 

ik:c MAT 'to nicogni=. ro:r citampl~, u func't.i on one of w'ho:se side-effects is to SE J Ci, one of its • 1gumcnrs. 

W 'hcn MA: encounters an tnvoc.uion of the fi1nclion FOO, where FOO has been dcl1ncd to MAT. "t runs 

cu-de GCncrntcd by me user's M i\"I dcfi111 idon for FOO. which Cjrn:sc:s v.idnus nc lions to be performed. 

Ml•,r dcHniE om; nrc .i,lways loca1cd in :i disk. file wh ch is spcc'llcd by [he ID switch. F..acl dclinidon must 

c of he Form: 

[ 11amt' argl a,:g2 arg3 ] 

where mmre is. Ille name or u,c ilcm which is being defined .. rnd U.c args arc acUon :spccmc.utiuns as described 

below. 

The MDL Listing Program MAT 
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The wmax of a MA'r deHniti.on · somewhat a>mptc:,,;. DnsicaHy. there arc twu E)'pi:S uf m:t'ions v,,hk:h c--an 

mice pfac1:: "setting' an ATOM Lo be oqui,.., lent lO a ~cified type (i,.c., FUNCTION. MACRO. etr.) or 

'cross-referencing· the ATOM (I.e., mal:rRg -t ap~.ar- in the cruss·i-crercnce listing).. 

·nic actual dcfilnhfon For ;m A TOM s a string or MAT action spc,ci fications, un.c or c ah ar-gu men l in a call 

tu Ehal ATOM, For example. defining FOO lo- be 

FOO SETG SKIP SETG] 

implies at least three arguments to FOO. dle first nd thirn of which shouEd be 'treated as if i:hcy we.re SETGcd. 
"lbus, if 

< FOO FROB 1. MUMBLE> 

were cni::ou11lercd in an input fire. ~t would be rn::,ucd as though 

< S TG, F ROD any> 
<SE TG MUMBLE a.ny> 

had been encountered. Thee S.)'1nbul ·rable woyl,d thco poin~ w lhc line rn1 which lhc appliealiun of FOO 

ripp eared as Elle 1oeatio11 of the defi n ido ns nf F ROB, rrnd M LIMB LE. 

The folluwjng mkcns arc mcanimgru1 a tion ~pocificaUons: 

CR F means. to cruss-rcfurcncc Lili~ ATOM. 

SK I P means to dn n athi n,g "'i h his argu ,nen t Ca pr.ace ho!dt:r). 

RES m tm1:s lha l the rest of lhe acl on spocifieat om; may be r-epca1cd foF the rest of the mgumcnts.. 

uonre(wherc ,iame is lhe name of a Mn1. SUB which ,causes some ac:iliun 1~0 M routinely performed) means to 
act. as. though the ATOM bad lrnd lhat SU'BR applied ~' h. Fo:r example., SE TG will caLisc MAT lo Lreal the 
item as if SETG had been pcrfom,,cd on it. Siniilnrly. MANIFESl wiU cause MAT to bcUtwc it 
MANI FESTcd. 

ALSO means co do another thin,g Wt.his ATOM. lllus. [SETG ALSO MANIFEST] specifics 1hat the argument 
should be ucauxl, olS thou,gh i were both SETGcd and MANifESled. 

""XY wh~rc .xj.• Mc 'lwo c:harac:t('rn.. causes a user defined symbol type to be created_ ln the cross-reference. chis 
wm .ippcar as x,. in from or the name or the A TOM. 

Any of the ppecoo·ng tnkc:ns may have i -Dbli.-r;1 added. "rhis means that im1te~,.1;1 n.r the ATOH being set to 

the spcci field type. awm I -obli.sl will be wL ·n,us, fo eirnmple, 

REST :SE:"6!-FLAGS 

mjght specify a li.mction which tates a LIST of ATOM's and pcrfunns 

8.2 "fl11c MDL I .is:ting Program MAT 



<SETG <INSERT mom <GET FLAGS DBL !ST>> any> 

on c:: ch or U1em. 

·n~c MUI. Progmmmin.g Environ cnt 

[SPEC xy ,,amr] specifics name: to be the e:iipansion of X>• for purposes-of the symbol table. Name cannot 
lurve ;paces in it. 

Since not au items to be rccog nh•.cd w ]thin a func !:ion call a!i"C ""t top l.e\'el, lhern is a fhci lity for t.c:Hi ng M ,..,._ T 

lO recognize suucrures. This is done by inserting the c:orrce11. bracket (whtc.h MA I wiH em:ounLcr) i1round lhe 

part of the action pcc:ifkation rcrcrrtng to a s;lructurc. Fm example, definition for GDE CL (which i3 

I andlcd intcmriUy huwc~~cr} might be-

REST (RESf GDECL) SKIP 

wMi;h speci ne chat cbe argu,nein:s ~~· altematel}' a L lSl of thinp lO GD C and an argument which is 

unimportant 

A s:pcc:ial case uf bn.dcc:ting is when the l•>C~li('ln nf the stn.JNure i.i, not known. In lhis c.asc, brai=-kt!I! 

rnc ns • Ii nd the nciu ob~ c t U'tal uiris ilh 1.h is bracket". An example I. tc r dcm 1ir1smitc:S di is. 

What follows an: some eMamp1es from n real dcfin ition file. 

[NEWS RUC q[WTY P SK IP RES SE G SUP] 

NEWSTRUC takes .in .ATOM wl'l.ic.1 bccmnes the n.ame of a NEWTY PE . the DErCL for Lil.it TY PE (whi~h is not 

interesting to MA ') nd an arbilr.11'}' riumbef' of pairs of ATOMs (names of offuelS in the sm1cuirc), ..in,d their 

DE CLs (again, not intcl"CStiog). 

[fLAGWOAD REST S1:TG] 

FLAGWORD t..'lkCS .:iUI arbitrary number o'f ATOMS and SETGs them someiliing. 

[SPEC PG Pure-Gval] 
[SPEC OB Object.] 
[SPEC AC A:ct.;on] 
[SPEC VB Verb] 
[SPEC OS Object. - SynonyM] 
(SPEC AD Adjoct.ive] 

'lncsc define the Jong d=r-iptions for the newly defined symbol' types cre:i'lcd in the ~amp!cs. 

[ PSE"Hii . • PG] 

PSETG tatcsat1 ATOM a:nd a value and SETGs the ATOM (ai.so puuing it i:n a LIST ofATOMs to purify). 

[GET-OB~ ~CREF"] 

GET - Q.IU talcs a ST.RING PNAME uran uhjcol and rcwrns the objooL This definition aTJows ~objet:ln to be 

cross-referenced he-re. Nute lfu1t CRE F is in quotes bee· use the efcrncnt being de It with is a. STRING. 

The MDL Listing Program MAT 
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[OBJECT[' 0Bh REST --o~~] [REST ~=ao~11 
OBJECT cre,ncs abjects whkh are referenced by GET-OBJ . OBJIE C fir t take , · VECTOR' uf ST RI NGs. the 

first of whkh is the Lruc object spccificr (OB) arid the rest of which arc S:'tnonym (OS)·. The .second .irgumcnt 

is a VECTOR of STR INGs, which arc PNIAME ofadjcct.h •cs .cforring lo the object (AO). 

[ADD-ACTION "~ACI-ACT~ONStt SKIP RES [(!" VBl-~ORDSfl S~lP]]] 

ADD-ACT I'ON creates ·verbs:·. The name aflhc verb Is tht" firs! arg1,11nem, which is STR!UIG. ADO - ACT _ON 

SETGs .tfrfog ! -AC T IONS t.o n item of type ACT IO rt (AC). The second m:gumenit is nnt intcrcsthug. 1lic r-esc 

ufthc ;irg1.1mc ts a1"1! 'IIECTORs. 1oomcwhcrc in which is a VECTOR ufa STRING nnd aJn uni11tcrc:;li111g objec-L 

AOD-ACl lON SE TG, lhfs l:.mcr STRING (the PNAME of ::m ATO~ in ti e WORDS OBL l ST) [0 S4.'.nnetMng of 

type vcr, (VB). •mrs is about as co1npHc1Hcd as a M ,,;J' type spocific-nlian 1s likely to gcL 

[ 1A00-tl:CT ION "=AC! - ACT 0,..S ALSO =VB,! -WORDS" J 

1ADO-AC T ION take~ :is ic:s rirSL 11rgu1nem :i STRING wl ich is SE TGcd buth i1 Uu~ ACT JONS OH ,L ST and in 

drn WORDS DBL IS 1r. ro • n ACT ION (AC) and a verb (VB). rcspcctivefy. 

8 .2~4- MAT Record Files 

islin,g R~urd (ur LREC) files, akin w 0 LREC files.. C.tfl be pmducod. in M T by indudingfile-' in U-.c Jcl 
lihC. Use of an L REC file h,lcS the ad ant.1g.c that future il"lvncntion. or MA-r using it flc-cd only output the 

changed pages or the lisung. The LREC me pruduccd will be- placed in fill' nd contain!. aH relevant Jcl 

infnrm·uion. so that furnrc c:1lls tu M 'f fur comp.irison lis.tings need only hali'c fif~= in the /d line. Addition l 

jcl may then be appended. •n, re is, however, no way ID tum off flags one,;: set up. ·1 crcfore tr a 

1;rnss·refercnc:c file is co be used onry occasionally. leaving Um cruss.-.rcfcrcncc ( IC)· nag off rar the initial 

listing and appending il at olhcr times is prcfcrabt-e. 

An alll.'H'll,l'le way ofcrc.,ting a l_isting Recurd tile fs to use l R which i:s CQuiva[cnua 

inpui"}ile""firsr·file-11am~ LR EC_, 

i11• the jcl. ObviobSly, /R is no~ uffidcm ror future oomparisons. 

8 ,.3. ~he MDL·IPC Device Interface MUD~NQ 

Muui o ls a sm !II prugrnm that fonnul11, , ends, · nd recdvcs messages: w iiOd rmm Mrn.s over the ITS 

ll'C rr.ucr-procc!:.<:. Communication·) device. The us.er specifics•• rargct Mm. p1·t'ICaCSS by i~ uname 11nd juanu.•. 

ehhcr un U1c jcl inc or to Muu1 'Q dircctlly. Mc then inputs the mcs...~1;gc tu be sent lo thal M ll'.. 111c mcs..~-igc 

scnc .i enclosed in a:n invisible prolccai,..c shield ,(an ERROR handler :ind so fortfl) to prevent it from 

interrcring in the opcm1 on of the t.1rgct. ·nic mcss.s1gc is PARSEd and EVALcd by the target, and the result 

pu in a fife which is pri n t.cd by M u DI Q, wh ca it appears. 

s.i The M l>l Ustiing Program MAT 
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·n.c most Ctimman use of this program is to an . cF th~ q1.1csdon "What cou!d m~• compilation (or 

whatever) be doing, aft.er aH this time'!' •nic answer m.ny be obu 1ned by Mu])INQing a <FR&> o:r < FRAMES> 

3t i.L 

lnquirh1g aOcr the S.talC of a compHation s. !;uch a oommun use of nlNQ that there is an .alias of it. 

S-rA-i· s. which M I mos a < S ATUS> (s.cc section 5. U) al a compili.: r process and aits fur a response-

Rnnn:v. 11.n a.Has of MuD!NQ catlied WnOM Ii ts tl'llisc MDI jobs listening on the JPC device. 

For more details on the upc at.ion of the M 01. I PC ifllcrfa<:e. sec {3]. 

The MDL--IPC Device h:u.crfacc MllDINQ 
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