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2 The MDL Programming language 

Abs tract 

The l\11)1. pro~ra111111i11i; l~11g11•!:e heg•n exiueuce in laie 1970 (under the name Muddle) as a 
M•CC'C'''or 1n l.i•p tMe>on. 1974). a randlll•lc vehicle for the Dynamic Modeling Sptem. and a possib le 
base fnr i1nplr111rn1otinn or Pl•nnrr (llc1>'ht. 1969). The original design goals included a n 
i11lt1 Mtil'l· i11l<i;1Aktl l'n1·irn11111c111 for p1ogra111111ing. debugging. loading. and editing: ease in 
learning .111d 11•r: faC'ilitiC'• fnr s11urt11red. modnl.r. shared programs: extensibility of syntax. data 
1ypr' a111I <>prratnn: clau-typc chcr~rng for dcbugging and optional data-type declarations for 
cc>111pilt'll cffir1rnc y: •«nri•ti»t stnra~t. coro11ti11i11g. and graphics. Along the way to reaching those 
t:nal\. 1t de• dnpr1I flrxihle inpnt/nutpnt (including the ARPA Network). and flexible interrupt and 
sig11al h~n•llini:. It nnw <crns "'a l>a•e for software prototyping. research, development, education. 
:111d i111pkntcnta tie>n of thr majority (If programs at MIT-OMS: a library of sharable modules, a 
C('thrr~nt "'rr inlrrfa:c-C'. c.pr<'ial rt\C'::trrh projtcls, autono1nous dae1nons. etc. 

Thi\ dn111111rn1 ""' e>rii:i n•lly intendrd 10 be a silnple low-level imroduction lo MDL. 1t has, 
hnw('>rr. "'r111i1rcl • ••••• nr rlrph•nli••h and now amounts (0 a discursive description of the whole 
interprrtrr, '" r1·nli1c1I in M nL rrlr•'e 1111111bcrs 55 (ITS version) and 105 (Tenex and Tops-20 
V<'r•ion,). <Si\: 11ifit-•111 d10ngc' fro111 tht previous edition are marked in the margin .) A low-level 
i111rnt111rli1111 '"") •till hr had by rr.wictlng onr's attention to specially-marked sections only. The 
'<'ope nr 1he ilnn1111rnt i\ rnnfinrcl "' 11111ch as po,sible lo the interpreter iuelf. Other adjuncu 
(cc>ntpilrr. "''rmhkr. pre-lo•drd 111rr progra111s. librory) art mentioned as little as possible. despite 
their valt•<' in prnmnlini: lhr langu•gc setn by a user fro111 "basic survival" to "comfortable living·. 
I ndeed. M Ill cnulti nnt fulfill the a hove design goals without the compiler. assembler. structure 
editor. cn11trnl-\taC'I.. printN. cnntr~1 11rinter. prctty-printtr, dynamic loader, and library system - all 
of which are nnt p•rt of thr inttrprtltr but programs written in MDL and symbiotic with one 
another. Fnrlhrr i11f11r111ation 011 these adjuncts can be found in l ebling's (1979) document. 

KEY WORDS : MDL 
Muddle 
PTogTamaing Langua ges 
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Forew or d 

Trying to exp loin MOL to an uninitiate is somewhat like trying to untie a Gordian knot. Whatever 
topic c111e chno•e1 10 di,cnss firs!. full disc1mion of it appears to imply discuuion of ~verything 
else. Wlo•I fnllows is a tliscursive pre1entation of MOL in an order apparently requiring the fewest 
forward rcfcrrncr1. It is nnt perfect in that regard: however, if you are patient and willing to 
accept :i few, .stotrd things as "magic" until lloey can be explained better, you will probably not have 
too many prnbletm understanding what is going on. 

There arc no "pr>rtice problrms": you arc a11umcd to be learning MDL for some purpose, and you r 
worl in arhir,·ing that purpose will be mort useful and motivated than artificial problems. In 
several ca1e1. the example> contain illustraiions of important points which are not covered in the 
text . Ignore r~•mplrs at you r peril. 

This dornment docs not assume knowledge of any specific programming language on the your part. 
However. "cClmputat inn•I literacy" is assumed: you should have written at least one program before. 
Also. very little familiarity is assumed with the interactive time-sharing operating systems under 
which MDL mus .. ITS, Tenex. aud Tops·20 •. namely just file and user naming conventions. 

Nola lion: 

Sections marled [I) are recommended for an uninitiate's first reading. in lieu of a separate 
int roduction or primer for MDL. {On first reading. text within brackeu like thue should be 

ignored.) 

Most •pecirk"llY inrlicotrd rxamplrs hrrein are composed of pairs of linu. The first line of a pair, 
the input. •lways end• in S (which is ho\¥ ti" ASCII character ESC is represented, and which always 
reprcsrnH itl. The second line is 1hr remit of MOL's groveling over the first . If you were to type 
all the fir\! Jines •t MDL. it would rc•pond with all tloe second lines. (More exactly. the "firs! line" 
is one or more objects in MDL followed by S, and the "second line· b everything up to the nex t 

"firs! line".) 

Anything which i• written in 1he MOL langnage or which is typed on a computer terminal appears 
herein in a gothic font. as in ROOT . A 111e1asyn1actic variable - somtthing to be replaced i n actual 
use by somrlloing ebe .. appears as radtX:liK, in an italic font; often the variable will have bo1h a 
meaning and a dota type (as herc). IJ111 sotnciimes one of those will be omitted, for obvious reasons. 

An ellipsis ( ... ) indicates that something nninteresting has been omitted. The character A means 
that the following character is to Ile "con1rollified": it is usually typed by holding down a terminal's 
CTRL key and striking the other key. 
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16 The MDL Programming Language 

Ch:1.pter 1. Basic Interaction 

The purp<"r <>f 11,;, draprrr i\ 10 provide you with 1hat minimal amount of information needed to 
exprri111en1 w11h MO!. while reading 1lli$ documenl. Ir i$ $trongly recommended that you do 
experi111rnt. r'prdally upou rracl11ng chapter 5 (Simple Functionsi 

I.I. Loatliui: MO~ 

F irs1. c.irrh yo11r rohh il. So111rhnw gri rhe inierprerer running - the program in the file SYS: TS 110L 
in the ITS \'er,ion or SYS:MOL.S/\V in rhe Tenex version or SYS :MOL.EXE in t he T op$·20 versio n. 
The i111rrp1 e1rr wil l fir$1 1ypr 0111 \<nne 11ew$ relating to MDL. if any, then type 

l.ISlENJNG-ftl - LEVEL I PROCESS 1 

311d rhru wail fnr ynn to 1ypr sonmhing. 

The proi;r.im '' hirh ynu are now running is an interpreier for the language MDL. ~ii knows how 
to dn i' i111r1prN MDL «i>xprr\\ions. There is 110 special "command language": you communicate 
wirh rhr pro~ram - ma~r ii do things for you .. by actually typing legal MDL expressions. which it 
lh«i>n iurrrprel\. F"rrrrhing yon ran do at a rerminal can be done in a program, and vice versa, in 
exactly lhe '.ime way. 

The program will !Jr rrfrrrrtl to as ,i11s1 "MDL" (or "the inrerpreter1 from htre 011 . T here is n o 
a111 big11i1y. 'iucr 1hr program iA jusr au incarnarion of rite coucept "MDL". 

T yping a rhararrrr ar MOL normally just causes tl1a1 cbaracttr to be echoed (printed on you r 
1ermi11al) .ind rcmrmbrrl'd in a buffer. The only characrers for which this is normally not true act 

as foli o"'' 

Typing 5 (E<;C:l rau~e~ M[)l 10 tcho dollar-sign and causes the conienu of the buffer (lhe characters 

I - 1.2 Basic I nt eract ion 
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which ynn've typrd) to be interpreted as an expreuion(s) in MDL. When this interpretation is done, 
the result will be printed and MDL will wait for more typing. ESC will be represented by the glyph 
S in this document. 

T yping rhe rubour character IDEL in the ITS and Tops-20 versions, control-A ill the Tenex version) 
causes the last character In the buffer •• the one most recently typed - to be thrown away (deleted). 
If you 11011 imnmliatcly type another rubout. once again the last character is deleted - namely, the 
second most rcrcnrly typed. Etc. The character deleted is echoed, so you can see what you're doing. 
On so111e "displny" 1ern1inab, ruboul 1\lill "echo" by causing the deleted character to disappear. Jf no 
characters are in 1he buffer. rubout echoes as carriage-return line-feed. 

T yping "@ lcoutrol-atsign) deletes everything you have typed since the last S, and prints a carriage
return Ii nc-fred. 

Typing "O (control-D) causes the current input buffer to be typed back out at you. This allows you 
to see what yo u 1·ea lly have. witho111 the confusing re-echoed characters produced by rubout. 

Typing "L (con1rol·Ll pn•duces the same effect as typing "D, except that, if your terminal is a 
"display· terminal (for example. IMLAC, ARDS. Datapoint), it first clears the screen. 

Typing "G (contr!ll-C) causes MDL to stop whatever it is doing and act as if an error had occurred 
(section IA \. "G is generally most useful f.or temporary interruptions to check the progress of a 
computation. "G is "reversible" .. 1hat is, it docs not dutroy any of the "state" of the computation it 
interrup1s. T o "undo" a "G, type the character$ 

<ERRET T>$ 

(This b discuHed more fully far below, in section 16.4.) 

Typing "S (co ntrol-S) causes MDL to 1hrow away what it is currently doing and return to a normal 
"listening" stale. ( lo1 the Tenex and Tops-20 versions, "O also should have lhe ume effect.) "S is 
gener3lly 1110~1 useful for aborting infinite loops and silnilar terrible thing,. "S destroys whatever 
is going on. and b<' it is not reverbible. 

Most expre.ssions in MDL include "brackets" (generical ly meant) that must be correctly paired and 
nested. If you end your typing with the pair of characters!$ (exclamation-point ESC), all currently 
unpaired bradct\ (but not double-quotes. which bracktt strings of characters) will automatically be 
paired and i11terpreraiio11 will s1ar1. Without the ! , MDL will just sit there waiting for you to pair 
them. If you h~1·e improperly nesled pareniheses, brackeu. etc., within the expression you typed, an 
error will occur. and MDL will tell you what is wrong. 

Once the brackets are pr!lperly paired, MDL will immediately echo carriage-return and line-feed, and 
the next thing it prints will be the result of the evaluation. Thus. if a plain Sis not so echoed, you 

1.2 Basic Interaction 
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have some ex press ion unclosed. In that case. if you have not typed any characters beyond t he S, 
you can usua lly rub nut rhe Sand other characters back to the beginning of the unclosed expression. 
Otherwise. whar you have typed is beyond the help of rubout and "0; if you want to abort it, use 
"S. 

MDL accq11s and disringuishes between upper and lower case. All "built-in functions" must be 
referenced in upper case. 

1.3. Loading a File [I] 

If you have a program in MDL rhat you have written as an ASCH file on some device, you can 
"load" it by typing 

<FLOAO lile>S 

where ! tic is the name of the file. in standard operating-system syntax. enclosed in •s (double
quotes). Omitted parts of the file name are taken by default from the file name "OSK: I NPUT >" 
(in the ITS version) or "OSK: ltlPUT .HUD" (in the Tenex and Tops-20 versions) in the current disk 
di rectory. 

Once you type $, MDL will process the text in the file (including FLOADs) exactly as if you had 
typed it 011 a terminal and followed it with S, except that "values" produced by the computations 
are not p rinted. When MDL is finished processing the file, it will print "DONE" . 

When MDL starts running . it will FLOAO the file "MUDDLE INIT" (ITS version) or "MUDOLE.INIT" 
(Tenex and T ops-20 versions). if it exists. 

1.4. Errors -- Simple Considerations [I] 

When MDL decides for some reason that something is wrong. the standard sequence of evaluation is 
interrupted and an error function is called. This produces the following terminal output: 

*ERROR• 
of/ en-h > ·phen;1/ ed·reason 
f unc lion-in-whicli·error-occurred 
LJSTENJNG· AT - LEVEL integer PROCESS integer 

You can 110111 i n1ernct witl1 MDL as usual, typing expressions and having them evaluated. There 
exist facili1ies (J)uilt-in fnnctions) allowing you to find out what went wrong, restart, or abandon 
whatever was going on. In particular. you can recover from an error - that is, undo everything but 

1.2 • 1.4 Basic Interaction 
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side efrt'cts ond return to the in ili al typing phu e - by typing the following f irst lint, to which 
MDL w ill rr\pond with the 5ccond line: 

<ERRE T>$ 

LIS TENHIG- AT- LEVEL I PROCESS I 

If you rypr t he fol lowing first line while s till in the error s tate (before <ERRE T>), MDL will print , as 
show n. the arg u mrnt s (or "paran1eters" or "inpu ts" or "independent varia bles") which gave 
ind igt'\linn to lhc unhappy function: 

<ARGS <FRAME <FRAHE >>>S 
[ Nf.umcnls lo unhAppy fur></1on ) 

T hb will hr exp lained by a nd by. 

1.4 Buie Interaction 
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Chapter 2 . Read, Evaluate, and Print 

2.1. General DJ 

Once you type $ and all brackets are correctly paired and nested, the current contents of the input 
buffer go rhrongh procpssing by 1hree fu11c1ions successively: first READ, which passes its output to 
EVAL ("e\'a lna re"J. which passes its ouq>Ut to PRINT, whose output is typed on the terminal. 

[Actually. the scqncncc is more like READ, CRLF, EVAL, PRINI, CRLF (explained in chapter 11); 
MDL i:ives you a r.rriage·return line.feed when the READ is complete, that is, when all brackets are 
paired.] 

Fun ct ion ally. 

REllD: prin1able representations .. ) MDL objects 

EVAL: MDL objects··> MDL objects 

PRHH: MDL objects .. ) printable representations 

That is. REAO takes ASCII text. snch as is typed in at a terminal, and creates the MDL objects 
represented by that tex1. PRINT takes MDL objects. creates ASCII text representations of them. and 
types them out. EVAL, which is the really important one, performs transformations on MDL 
objccb. 

2.2. Philosophy ITYPCs) [I] 

In a general ~cnse. when you are inter.1cting with MDL. you are dealing with a world inhabited only 
by a putkular set of C1bjec11: MDL objects. 

MDL ohjcrts are be.st considered as abstract entities with abstract pmperties. The properties of a 
particular Jl.!Dl object depend upon the class of MDL objects to which it belongs. This class is the 

2. 2.2 Read, Evaluate, and Print 
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TYPE o f the MDL nbjcct. Every MDL object has a TYPE, and every TYPE has Its own peculiarities. 
There are many different TYPEs in MDL: they will gradually be introduced below, but in the 
meantime here is a representative sample: SUBR (the TYPE of READ, EVAL a nd PRINT), FSUBR, LIST, 
VECTOR, FORM, FUUCTIOU , etc. Since every object has a TYPE, one often abbreviates "an object of 
TYPE type" by saying "a type". 

The laws of the MDL world are defined by EVAL. In a very real sense, EVAL b the only MDL object 
which "acts". whid1 "does something". In "act ing". EVAL is always "following the directions· of some 
M OL object . Every MDL object should be looked upon as supplying a set of directions to EVAL; 
what the•f' tlirectio11s ue depends heavily on the TYPE of the MDL objt(:t. 

Since EVAL is so ever·prcsent, an abbreviation is in order: "evaluates to $Om<tlhing" or "EVAls to 
$Omell>mi;" should be taken as an abbreviation for "when given to EVAL, causes EVAL to return 
$Omelhinc". 

As abstract entities. MDL objects are. of course. not "visible". T here is, however. a standard way of 
representing ab•tracr MDL objects in the real world. T he standard way of representing any given 
TYPE of J\I DL ob jeer will be given below when the TYPE b introduced. T hese standard 
representar ions are what READ understands. and what PRINT produces. · 

2.3. Exan11>le (TYPE FIX) [I] 

1$ 

l 

The following has occurred: 

First . READ recognized the character I as the reprtsentation for an object of TYPE FIX, in particular 
the one which corresponds to the Integer one. (FIX means integer, because the decimal point is 
u11dersroo1I always to be in a fixed position: at the right-hand end.) READ built the MDL object 
corresponding to the decimal representation typed. and returned it. 

Then EVAL noted t hal its input was of TYPE FIX. An object of TYPE FIX evaluates to Itself, so 
EVAL return~d its input undislurbed. 

Then PRIIH saw that its input was of TYPE FIX, and printed on the terminal the decimal character 
representation of lhe corresponding integer. 

2.2 • 2.s Read, Evaluate, and Print 
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What went on \US entirely analogous to tht pre«ding example. txctpt that the MDL object was of 
TYPE FLOAT. (FLOAT means a real number (or limited precision). because the decimal point can float 
around to any convenient position: an inltrnal exponent part ttlb where it ·really• belongs.) 

2.5. Example (TYPE ATOH, PNAHE) [I] 

GCORGCS 
GEORGE 

This time a lot more happened. 

READ 1101ed lhar whar was typed had no special meaning, and therefore assumed that it was the 
representation nr an identifier. that h, an object of TYPE ATOH. ("Atom· means more or less 
indivi>iblc.) READ therefore atre111ptcd to look up the representation in a table it keeps for such 
purposes (a LIST nr OBLISTs. available u tht local value or tht ATOH OBLIST). If READ finds an 
ATOH in it\ table corre>ponding 10 the representation, that ATOii is returned as REAO's value. If l!EAO 
fails in lno~ing up, it creates a new ATOH, puu it in the table with the representation read [INSERT 
into <I .OBLIST> usually]. and returns the ntw ATOH. Nothing which could in any way be 
referenced as a legal "value· is auachtd to the ntw ATOM. The initially-typed representation of an 
ATOH becomt\ its PUAME, meaning iu namt for PRINT. One ofttn abbreviates ·object of TYPE AT°" 
with PNAME name" by saying "ATOM name·. 

EVAL, g ive11 an ATOM, returned just that A TOH. 

PRINT, given an ATOM, typed out its PNAllE. 

At the end of this chapter. the question "what is a legal PNAllE" will be considered. Further on. the 
methods used 10 auach values 10 ATOHs will bt described. 

2.6. FIXe\. FLOATs. and ATOM> versus READ: Specifics 

2.6.1. READ and FIXed-poi111 Numbtrs 

READ comidcrs any group ing of characters which are soltly digiu to be a FIX, and the radix of the 

2.4 • 2.6.1 Read, Evaluate, and Print 
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represe11t.iinn is decimal by default. A - (hy phen) immediately preceding such a grouping 
represent s a negative FIX. The l~rgest FIX representable on the PDP-JO is two to the 35th power 
minus nne. or 34 359 738 367 (decimal~ the smallest is one less than the negative of that number. If 
ynu atlrmpt In 1ype in a FIX onrsiM that range. READ converts it to a FLOAT; if a program you 
write anempts to produce a FIX outside that range, an overflow error will occur (unless it is 
disabled). 

T he radix med hy READ and PRllll is changeable by the user: however. there are two formats for 
represeuurions of FIXes which canse READ to use a specified radix independent of the current one. 
These are as follows: 

(I) If a group nf iligiu is immediately followed by a period(.), READ interprets that group as 
the ded111al re1>rese11t3tion of a FIX. For example. 10. is always interpreted by READ as the 
decimal represen1ation of ten. 

(2) If 3 group nf digits is innnediattly enclosed on both sides by asterbks (•). READ interprets 
that group a; the octal representation of a FI X. for example, • IO• is always interpreted by 
READ as thr octal reprrsentation of eight. 

2.6.2. READ and rRHIT versus FLOATing-point Numbers 

PRINT can prndncr. anci READ can understand, two different formats for objects of TYPE FLOAT . 
The first is "ded111al-point" notation. the >econd is "scientific" notation. Decimal radix Is always 
used for rep re1e111a1io111 of FLOAT1. 

"Deci mal-poin t" nor~rion fnr a FLOAT con1ists of an arbitrarily long string of digiu containing one 
. (period) which i1 followed by at ltast ont digit. READ will make a FLOAT out of any such object, 
with a limit of preci1ion of one part in 2 to the 27th power. 

"Scientific" nnta1 ion cnn1i1ts of: 

(I) a nu m brr. 
(2) immrcliately followed by E ore (upper or lower case lelter El. 
(3) i1n111ediately fnllowed by an exponenl, 

where a "nn111brr" ii an arbitra rily long si ring of digits, wi1h or without a decimal point (see 
following notrl: and an "t~ponrnt" is up to two digiu worth of FIX. Thb notation represents the 
"nu1nber" to the 0 t'Xponent" power of ten. Note: if the "numbtr" as above would by itself be a FIX , 
and if lhe "rxpon~111" i1 po1iti\'e, and if the result is within the allowed range of FIXes. then the 
result will be a FIX. fnr example. READ understands IOEI as 100 (a FIX), but IOE·l u 1.0000000 (a 
FLOAT). 

The largnt-111ag11it111le FLOAT which can be handled without overflow is l. 7014118E+38 (decimal 
radix). The 1111a llc11-111ag11i t11de FLOAT which can be handled without underflow b .14693679E·38. 

2.6.1 • 2.6.2 Read, Evaluate, and P rint 
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2.6.3. READ • nd rNAH( s 

The q11es1 inn "whal is a lrga l Plll\HE?" is ac1ually no1 a reason able one to ask: a ny non-empty string 
or arb1tru1· drarartrrs un be thr PIJAHE or an ATOii. However, some PNA11Es are eas ier to type to 
REAO 1han nthrr•. 0111 C"<'" the question "what are easily ty ped PNAHEs?" 1$ not too reasonable, 
beca use: Rf/10 tlr<•idr• 1hat a grnup o f characlers is a PNAHE by default: if it can' t possib ly be 
anyt hi ng r1'r. it's a Prll\HE. So. lhe rules governing the specificat ion of PllAHEs are messy. and best 
exprrHcd in trrm• nf what ii not a PNAHE. For s implicity. you can just consider any uninterrupted 
g ron p of upprr· • nd lowrr.ca'e ltnrrs and (customarily) hyphens to be a PNAHE; th a t will always 
worl. If you Mt neil her a perfectionist nor a masochist, skip to the next chapter. 

2.6.3.1. Non-rt'1/\M(1 

A gronp of char.rlers ii !!Q!. a PN/\HE if: 

(I) It rrprc•r rll .\ a r LOAT or a FIX, as described above •. th at is, it is composed wholly of digits, 
or d igits and a •Ing le . (period). or digits and a . and t he Jetter E or e (with op tiona l minus 
signs in 1he r ig l1 1 place1), 

(2) IT b rg in" wit h a . (period). 

(3) I I ro 11tains •· if 1yped Jn tera ctively .• any of the characters which have special interactive 
effcc1s: A@ , AD, AL, AG . As. "O, s (ESCJ. rubout. 

(4) I t co n rai ns a rorn1a1 cha rac ter - space. carriage-return. line-feed, f orm-feed, hori i ontal tab, 
veri ira l lab. 

(S) IT contains • • (comma) or a I (number sign) or a ' (single quote) or a ; (semicolon) or a X 
(percen t sign). 

(6) It contains any va rirty of braclet - ( or ) or ( or ] or < or >or ( or } or •. 

In additin11. the charac1n \ (badsla$h) has a special in terpretation, a$ men tioned below. Also. the 
pair o f d1arac1ers ' - kxclama1io11 -poin t hyphen) has an extremely special interpret at ion, which you 
wi ll re;irh a1 rhaptrr 15. 

The charac1ers mentioned in cue\ 4 t hrough 6 are "separators" ·- that is, t hey signal to READ that 
wha te1·cr it "a1 1ha1 t he precrding characters represenled, it's done now. T hey can a lso indica te the 
start o f a n r w o bjrci's re1>resr11tation (all the opening "brackets" do just that). 

2.6.3.2. E:1:a111ples 

T he following e:o111ples are no1 i11 the "standard format" of "line typed in~ result printed", becau$e 
they are 11 01. in some cases. complete objects: hence, READ would continue wa it ing for the brackets to 

2.6.3 - 2.6.3.2 Read, Evaluate, and Print 
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be closrd. In 01hrr ca1c1. I hey will produce errors during EVALuation if other -- currently irrelevant 
•• condit inn< arc nn1 mrr. I nsrcad. the right-hand column will be used to state just what READ 
thoughr rhe inpu1 in 1he left-hand co lumn really was. 

ABCS. 

ahc$ 

ARBITRARTLY-LONG- PNAME$ 

l.234~S 

l.2 . 3~5S 

/I.or .BS 

.A.or.BS 

MORE TllAN ONES 

ab(cdS 

123451134$ 

2.6.3.3. \ (llacksla1h) in ATOt1s 

au ATOii of PNAME ABC 

an ATOM of PNAllE abc 

au ATOM of PNAME ARBITRARILY- LONG-PNAME 

a FLOAT, PRJNTed as l.2345000 

an ATOM of PNAME 1.2 .345 

an ATOM of PNAME A. or. B 

not an ATOM, but (as explained later) a FORM containing 
an ATOM of PNAHE A.or .B 

three ATOMs, with PNAMEs MORE, and THAN, and ONE 

an ATOM of PNAME ab, followed by the start of something 
else (The something else will contain an ATOM of PNAME 
beginning cd.) 

an ATOM of PNAME 12345A34 (If the A had been an E, the 
object would have been a FLOAT.) 

If you ha•·c a <!range. 1111con1rollable compnlsion to have what were referred to as "separators" above 
as parr nf rhr rUAME' of yonr ATOMs, you can do so by preceding them with the character \ 
(bacbla•h). \will aho magically rnrn an orherwise normal FIX or FLOAT into an ATOM if it appears 
among~1 rhe digi1,. In far1. backslash in fronr of~ character changes it from something special 
to "juM ann1her charac1cr" (including 1he character\). It is an escape character. 

Wi11~11 PRllll ronfron1s an ATOM which had to be backslashed in order to be an ATOM, it will 
dutifully rype our 1he re~uired \s. They will not. however. necessarily be where you typed them; 
they will in'1c.1d be al those posir ions which will cause READ the least grief. For example, PRINT will 
type 0111 a PllAM( which consists wholly of digits by first typing a \and then typing the digits - no 
ma tter where you originally ryped the\ (or \s). 

2.G.3.2 - 2.6.3.3 Read, Evaluate, and Print 
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2.6.3.4. Exa111ples of Awful ATOMs 

The follnwi11g rxamplrs illnstrate the amount of in5anity that can be perpetrated by U5ing \. The 
format of 1he examples is again non·standard. this time not because anything i5 unfinished or in 
error. but because co111111entiug is needed: PRINT doesn't do it full justice. 

a\ one\ and\ a\ two$ 

1234\ 567891 

123\ s 

\\$ 

one ATOM, who5e PNAHE hu four 5paces in it 

an ATOM of PNAME 123456789, which PRINTS as 
\ 1234 56789 

an ATOM of PNAHE 123space, which PRINTS as \123\ , 
with a space on the end 

an ATOM who5e PNAME is a single backslash 

2.6.3.4 Read. Evaluate, and P rint 
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Chapter 3. Built-in Functions 

Up to rids poinr. all rhc objects we have been concerned with have had no internal structure 
discernihle in MDL. While rite tharacteristics of objects with internal structure differ greatly, the 
way READ a11d PRHH handle them is u11iforrn. lo wit: 

READ, when applied ro rite representation of a structured object, builds and returns an object of 
rhe indicared TYPE with elements formed by applying READ to each of their representations in 
turn. 

PRlNT, when applied ro a strucrnred object, produces a representation of the object, with its 
ele111e11rs represenred as PRINT applied to each of 1hem in turn. 

A MDL object which is used 10 represent rhe application of a function to its arguments is an object 
of TYPE FORM. lt.1 pri111cd reprcse11ra1io11 is 

< func ar&-1 arc-2 . . . arc-N > 

111here funt i., an ob jrcl which de<ignales 1he function 10 be applied, and arg- 1 through arg-N are 
objects 111hid1 uesig nare the arguments or "actual parameters" or "inputs". A FORM is just a 
structured object wh ich is stored and can be man ipulated like a LIST (its "primitive type" is LIST -
chapter 6). The applicat ion of the fu11c1ion lo the arguments is done by EVAL. The usual meaning 
of "functio11" (11ncapi1alized) in this documen1 will be any1hing applicable to arg uments. 

3.2. Evaluat i.!!!UU 

EVAL applied to a FORM acts as if following these directions: 

First. examine 1he func (f irst elemen t) of the FORM. If it is an ATOH, look at its "value" (global or 
local. in !hat o rder •. see next chapter). If it is not an ATOM, EVAL it and look at the result of the 

3. 3.2 Built-in Functions 
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evaluation. If what you arr looking at is not something which can be applied to arguments, 
complain (via the ERROR function). Otherwise, inspect what you are looking at and follow its 
directions in evalnaling or not eval11a1ing the arguments (chapters 9 and 19) a nd then "ap ply the 
f unctio11" ·· that is. EVAL thr body of lhc object gotten from func. 

3.3. B11ilr·in Fuuctinns (TYPE SUBR, TYPE FSUBR) [l) 

The hi: ill-in functinns 1>f MDL come in two varieties: those which have all their arguments EVALed 
before opnating nu thrm (TYPE SUBR, for "subroutine·. pronounced "subber") and those which have 
nnnr of thrir argumrni. EVAlrd (TYPE FSUBR, historically from lisp (Moon. 1974). pronounced 
"effsuhhrr1. l.nllrcth·rly thry will be callrd F/SUBRs. although that term is not meaningful to the 
imerpreter. Sec- appendbc 2 for a listing of all F/SUBRs and short descriptions. The term 
"Subro111ine·· will br usrd herein to mean both F/SUBRs and compiled user programs (RSUBR5 and 
RSUBR-£rHRYs -· chaptrr 19). 

Unless 01herwise .stated. ~Ll.'. MDL b11i11-in Subroutine mentioned is of TYPE SUBR . Also, when it 
is stated th•t an argument of a SUBR 11111st be of a particular TYPE, note that this means that EVAL 
of what is there must be of lhr particular TYPE. 

Another conHnient abbre•·iation which will be used is "the SUBR pn•me" in place of "the SUBR which 
is ini1ially the ·value' of the ATOM of PNAllE pn~me·. "The FSUBR pnam4" will be used with a similu 
meaning. 

S.4. Examples(+ and FIX; Arithmetic) [I) 

<+ 2 4 6>.!. 
12 

The SUllR + add5 n111111Jers. MO$t of the tl$Ual arit hmel ic function$ are MDL SUBRs: + , · , • , I, 
HI N, MAX, HOO, Siil, COS, ATAN, SQRT, LOG, EXP, ABS. (See appendix 2 for short descriptions 
of these.) A II excrpt MOO, which wanu FIXes, are indifferent as to whether their arguments are 
FLOAT or FIX or a mixture. 111 the last cue. they exhibit "contagious FLOATing": one a rgument of 
TYPE FLOAT force., the result to be of TYPE FLOAT. 

<rIX I . O>S 
I 

The SUBR FIX expliciHy return$ a FIXrd·point number corresponding to a FLOATing-point number. 
FLOAT does the opposite. 

< + 5 <• 2 3))$ 

3.2. 3.4 Built-in Function• 
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1 I 
<SQRT <+ <• 3 3> <• 4 4)))$ 
5.0 
<- 5 3 Z >S 
0 

<- S>~ 

- 5 
<MIN I 2.0)$ 
1.0 
<I II 7 Z.O>S 
0.5 

29 

Note this las1 res11ll: the division of lwo FIXes gives a FIX with truncation, 1101 rounding. of the 
remainder: the intermediate rr.rnll reinains a FIX until a FLOAT argument is encountered. 

3.5. ArithmNic: Details 

+, - , •. I. MIN. anrl MAX all take any number of arguments. doing the operation with the first 
a rgnmrnt anri lhe .srcond, then with 1ha1 result and the third argument, etc. If called with no 
argument" each returns lhe identity for i1s operation (0, 0, I, I, the greatest FLOAT, and the 
least FLOAT, re,pecti,·ely): if called with one argument, each acts as if the identity and the argument 
had been 'nf>plied. They all will cause an overflow or underflow error if any result, intermediate or 
final. is tnl) large or tnn small for rhe machine's capacity. (That error can be disabled, if necessary 
•• sect ion 16.9). 

One ari1hmr1ic fu nction that always requires some discussion is the pseudo-random-number 
generator. MJ)l.'o is named RANDOM, and ii always returns a FIX, uniformly distributed over the 
whole range of F l Xes. If RANDOM is never called with arguments, it always returns the exact same 
sequence nf numlicr~. for convcnicuce in deuugging. ·oebugged" programs should give RANOOH two 
a rgumen" on the first c•ll, which become the seeds for a new sequence. Popular choices of new 
seeds a re the n11n1hers given by TIME (which see). possibly wilh bits modified (chapter 18). Example 
("pick a 1111mlie1· from one to len·): 

<+ l <MOO <RANDOM> lO>>S 
4 

3.4 • 3.5 Built-in Functions 
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Chnpter 4. Values of Atoms 

4.1. General [I) 

There are rwo liml.s of "value" which can be arrached to an ATOl1. An AT0/1 can have either, both, or 
neither. They i nteracr in no way (exce11t that allernately referring 10 one and then the other is 
ineffidcn1l. These two vnlues are referred to as the local value and the global value of an ATOH. 
The tcr111.s "lorar' a nd "g lobal" Hr relative to PROCESSes (chapter 20). not functions or prog rams. 
The SUBRs which reference rhe loral and global values of an ATOH, and some of the characteristics 

o f local \' trsus global v3lues. follow. 

4.2. Global Values 

4.2.1 . SETG [I) 

A global value can be assigned to an ATOM by the SUBR SETG ("set global1. as In 

<SETG atom ;i11y) 

where ;ilorn 11111s1 EVAL to an ATOM, and any can EVAL to anythi ng. EVAL of the secon d arg umen t 
beco111es the glnh•l value of EVAL of 1he first argument. T he value returned by the SETG is its 
second argument. namely 1he new global va lue of .. tom. 

Ex a mples: 

<SETG FOO <SETG BAR SOO>>S 
500 

T he abcwe made rhe global valuu of both the ATOii FOO a nd th e ATOK BAR equa l to t he FI Xed-po in t 

n u m ber 500. 

<SE TG BAR roo>S 

4 • 4.2.1 Values of Atoms 
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FOO 

That made Che global value of the ATOH BAR equal to the ATOl1 FOO. 

4.2.2. GVAL [I) 

The SUBR GVAL ("global value") is used 10 reference the global value of an ATOH . 

<GVAL atom> 

rtfllrns ••a •·alur tht' global value of atom. If atom does not evaluate to an ATOH, or if the ATOl1 to 
which ii e•·~luates hu 110 global value, an error occurs. 

GVAL applircl 10 an ATOM anywhere. in any PROCESS, in any function, will return the same value. 
Any SETG any where rhanges riot global value for eHrybody. Global values are context-independent. 

READ nnder,unds the character , (comma) as an abbreviation for an application of GVAL to 
wharevrr follows it. PRINT always lranslares an application of GVAL Into the comma format. The 
following Me ah.<olu rely equiv. Jeni: 

, atom <GVAL atom> 

Assuming the t>xamples in section 4.2.1 were carried out in the order given. the following will 
evalttatt as indicated: 

.roos 
500 
<GVAL FOO>S 
500 
.BARS 
FOO 
, ,BARS 
500 

4.2.3. Note on SUBRs and FSUBRs 

The initial GVAL.• of rhe ATOMs used 10 refer to MOL "built.in" Subroutines are the SUBRs and FSUBRs 
which actually get applied when those ATOKs are referenced. If you don't like the way those 
supplied rourinr• worl. you are perfectly free to SETG the ATOKs to your own veuionJ. 

4.2.1 • 4.2.3 Values of Atoms 
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4.2.4. GUNASSIGN 

<GUNASSJGN atom> 

("global una~signl cau>CS atom to have 110 usigned global value, whether or not it had one 
previou>ly . Thr storage used for the global va lue can become free for other uses. 

4.3. Loral \'alurs 

4.3.1. SET [I] 

The SUOR SE T is used to ass ig n a local value to an ATOM . Applications of SET are of the form 

<SET atom any> 

SET return> EVAL of any just like SETG. 

<SET BAR <SET FOO lOO>>S 

100 

Both BAR and FOO have been given local values equal to the FIXed·point number 100. 

<SET FOO BAR) S 
BllR 

FOO has been given the local value BAR . 

Note that neither nf rhe above did anything to any global values FOO and BAR might have had. 

4.3.2. LVAL [ I] 

T he SUBR used to ex tract the local valne of an ATOM is named LVAL. As with GVAL, READ 
understands an abbreviation for a11 application of LVAL: the character . (period), and PRINT 
produces it . The followin g two rr1>rescntations are equivalent, and when EVAL operate> on the 

correspondi ng MDL object. it returns the cu rrent local value of atom: 

<LVAL atom> .atom 

4.2.4 • 4.3.2 Values of Atoms 
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T he local \'alne of an llTOl1 is unique within 1 PROCESS. SETting an AT0/1 in one PROCESS has no 
effect on ir.s LVllL in another PROCESS, because each PROCESS has its own "control stack" (chapters 
20 and 22). 

Assume a!! of 1he previous examplu in this chapter have been done. Then the following evaluate as 
Indicated: 

.BllRS 
100 
<LVAL BAR>S 
100 
.FOOS 
BAR 
, .FOOS 
FOO 

-4.S.S. UNASS IGN 

<UNllSS IGN atom> 

causes .. tom to have 110 assigned local value. whether or not it had one previously. 

-4.-4. VALUE 

VALUE ha SUBR which lakes an ATON as an argument, and then: 

(I) if rhe ATOH has a n LVAL, returns the LVAL; 
(2) if !ht' /\TOH has no LVAL but has a GVAL, returns lhe GVAL; 
(3) if lhe ATOH has neither a GVAL nor an LVAL, calls lhe ERROR function. 

This order of seehing a value is 1he opposite of 1hat used when an ATOM is the flrn element of a 
FORM. The lalter will be called 1he C/LVAL. even though that name is not used in MOL. 

<UNASSIGN A>S 
A 

<SETG A I >S 

<VALUE A>S 
l 
<SET A 2>S 

4.3.2 • 4.4 Values of Atoms 
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Chapter 5. Simple Functions 

5.1. Cenrr:il [I] 

The MOL C<Juivalenl of a "program" (uncompi l!d) is an object of TYPE FUNCTION. Actually, fulJ
blown "prngram\ ·arr usually romposcd of sets of FUNCTION$, wilh most FUNCTIONS In the set acting 
u "snbprngr>in<'. 

A FUNCTTON may he considered lo be a SUBR or FSUBR which you younelf define. It is "run" by 
1ui11g a rORM 10 apply ii 10 argumcnu (for example, <function arg- J arg-2 •.• >). and it always 
"returns·· a 'inglr ohjec1. which Is nsed as rhe value of the FORM that applied It. The single object 
may be ignored tiy whaleHr "ran" 1he FUNCTION .• equivalen1 to "returning no value" •• or it may be 
a struc111rcd nbjrrl C(lntaining many objects •• equivalent to "returning many values". MDL is an 
"applkativr" lrni:uagc. in contras! to "imperative" languages like Fortran. In MDL it is impossible 
to rttnrn ,·alues lhrnugh argnmenls in rite normal case: they c.an be returned only u the value of the 
FORl1 it self. or as side effects to s1ruc111red objects or global values. 

In thi\ <'11ap1cr • simple substi of rite FUllCTIONs you can write is presented, namely FUNCTIONS 
which "ac1 Iii e· SllBR' "'i1h a fixed 11u111btr of arguments. While this clan corresponds to about 901. 
of the rut1CT!Oth e1·er wrilten. you W(ln't be able 10 do very much with them until you read further 
and learn mnrr abo111 MDL's control and manipulatory machinery. However. all that machinery ls 
just a b11nd1 of SUORs and FSUBRs. a11<1 you already know how to "use" them: you just need to b e told 
what I hey do. O nce you have FUNCTIONs under your bell, you can immediately make use of 
every th ing prc\cnrccl from tlois point 011 ill this document. In fact, we recommen d that you do so. 

5.2. Reprcsrnlation [I] 

A FUNCTJOtl is j11•1 another <fall nbjecr in MDL. of TYPE FUNCTION. It can be manipulated like any 
other data object. PRlllT represents a FUllCTION like this: 

#FUNCTION (elements) 

5. 5.2 Simple Functions 
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that is. a number sign. the ATOH FUllCTlON, a left parenthrsis. each of the elements of the 
FUNCTION. and a righr parrnrhrsis. Since PRINT represents FUNCTIONs like this, you can type them 
in to REl\O I his way. lnur thrrr are a frw TYP£s for which that implication is false.) 

Thl' elr111r111s of a FUNCTION ran be "any number of anythings"; however, when you !!!!ta FUNCTION 
(apply ii wirh a FORM). £VAL will complain If the FUNCTION dou not look like 

,tFUNCTION ( Ml:alom arcufTW!nls.{isl dee/ body) 

whtrr ;tc/ and dee/ arr nprioual (srction 9.8 and chapter 14~ body is at least!!.!!! MDL object - any 
old MDI. nhjrcr: and. in this simple case, areumenls is 

( anr number of ATC\l.fs) 

thar Is. some1hi11g RFAD and PRINTed as: lerr parenthesis. any number - including zero - of ATOXs, 
right pare111hesi1. (This is actually a normal MDL object of TYPE LIST, containing only ATOH.s.) 

Thus. the<r nlNC:TJOlls will cause errors .• but only when~: 

'fUtlCTION () 
~FUNCTION ((I) Z 7.3) 
'FUllCT!Oll ((A 8 C D)) 
-FUNCTION (<+ I Z> A C) 

no argument LIST or body 
non-ATOH in argument LIST 
no body 

-- no argument LIST 

These FUNCTIOlls will never cause erro" becauJe of format: 

"rUtlCTION (() I Z 3 4 5) 
tFUtlCTION ((A) A) 
,trUNCTION (( )()()()()( )( )()) 
IFUllCTION ((A 8 C D ££ F 6 H HIYA) <+ .A .HIYA>) 
-FUNCTION ((0) <SETG C <• .Q ,C>> <+<HOD ,C 3> .Q>) 

and the la~t two actually do son1e1hing which might be useful. (The first three are rather 
pathotogk~I. but legal.) . 

5.3. APP.li£_alion of fUNCTIOtls: Binding [I) 

FUNCTIONS. like SUBRs and FSUBIU. are app,litd using FORtls. So, 

<•FUtlCTION ((X) <• .X .X>) S>S 
25 

applitd the indicatrd FUNCT!Oll to Sand returnrd 25. 

5.2. s.s Simple Functions 
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What f.VllL dors whrn applying a FUNCTION is th' following: 

(I) C:rr•le a "world" in which the ATOMs of lhe argument LIST hav' been SET lo the values 
applied to the FUNCTION, and all other ATOMs have their original values. This is called 
"bilttling"'. 

•• In the •bnvc. this is a "world" in which Xis SET to 5. 

(2) In th.r new "world", evaluatt all th' obj,cts in th' body of th' FUNCTION, one after the 
othrr. from fir•! lo last. 

•• In th' abovr. this means e•·aluate <• .X .X> in a "world" where Xis SET to 5. 

(3) Thro" •way the "world" created. and restore the LVALs of all ATOHs bound in this 
applir•tinn of thr fUUCTIOll to their originals (if any). This is call'd "unbinding·. 

•• In the above, this simply gives X back the local value, if any, that it had b,fore binding. 

(4) Rr111rn •• a valur the la\! va lue ob1al11ed when the FUNCTION's body was 'valuated in step 
(2) . 

•• I n 1he abovt>, this means rclurn ZS as the value. 

T he .. world" mrntionrd above i> actually an object of TYPE ENVIRONMENT. The fact that such 
"world\" Me stparale from lite FUtlCTIOlls which cause their generation muns that all MDL 
FUNCTIOth ran be n\ro recursively. 

The only thing 1ha1 i\ a1 all trn11bleso111e in lhis sequence is the effect of crtating these new 
"worlds". in part1culor. lltr f•cl thal lite pre1•io11s world is complelely restored. This means that if, 
inside a rl!UCTJOtl. you SET one of iii argument ATOHs lo something. that new LVAL will !!.2!. be 
rememberNI wl1eu EVllL tea1·es the FUNCTION, However. if you SET an ATOM which is !!.2!. in the 
argume111 UST (or SETG :!.!!.l ATOM) lite new local (or global) value will be remembered. Examples: 

<SET X 0>$ 
0 

<'FUNCTION ((X) <SET X <• .X .X>>) 5>$ 
25 
. X$ 
0 

s.s Simple Functions 
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On the 01 hrr hand. 

<SET Y O>S 
0 
<•FUNCTION ((X) <SET Y <• .X .X>>) 5>S 
25 
.YS 
25 

The MDL Programming Language 

By using PRlllT ;u a SUBR, we can "stt" that an argument's LVAL really is changed while EVALuating 
the b<>dy of a FUllCTlOJI: 

<SET X 5)$ 

5 
<iFlmCTION ((X) <PRINT .X> (+ .X 10>) 3>S 
3 13 
.XS 
5 

The fint n11111her aftrr the application FORH was typed out by the PRINT; the second is the value of 
the applicalion. 

Remembering 1ha1 LVALs of ATOIU !!.Q!. in argument LISTs are not changed. we can reference them 
within FUNCTIOll•. 3' in 

<SET Z I OO>S 
100 

<IFIJNCTION ((Y) <! .l .Y>) 5>S 
20 

ATOHs mrd like Z or Y in 1hr ahove examples arc referred 10 as "free variables". The use of free 
vari3bfr\. while often qnitr ronvcnlcnt. Is ra1her dangerous unless you know exactly how a 
FUNCTION will ~lway_5;. be nsed: if a FUNCTION containing free variablu Is used within a FUNCTION 
within a rur1crro11 within .. .. one of 1hose FUNCTIONs might just happen to use your free variable 
in iU argnmrnt LIST, binding it to some unknown value and possibly causing your use of ii to be 
erroneon• Pl•3•P not<' that "dangerous", as used abon, really means that It may be eff'1:tively 
impossihl~ ( I) for 01her people 10 use your FUNCTIONs, and (2) for you 10 use your FUNCTIONs a 
month (two weeks?) later. 

5.3 Simple Functions 
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5..1. Oefi!t.!.!!g FllNCTIONs (FUNCTION and DEFINE) [I] 

Obviously. ryping IFUNCTION ( .. . ) all the lime is neither reasonable nor adequate for many 
purpose.\. Normally. you jns1 waut a FUNCTION to be the GVAL of some ATOM •. the way SUBRs and 
FSUBRs are •• so you can use it repeatedly (and recursively). Note that you generally do not want a 
FUNCTION lo be lhe LVAL of an ATOM; lltis has the same problems as free variables. (Of course, there 
are always casr' whrre you are being clever aud !!'.!!!!.the ATOH to be re-bound •... ) 

One way 10 ··name·· a FUNCl ION is 

So that 

<SETG SQUAR E IFUllCTION ((X) <• .X .X>)>$ 
iFUNCTION ((X) <• .X .X>) 

<SQUARE f>>S 
25 
<SQUARE JOO>~ 

10000 

Ano1her way. which is somewhat cleaner in its typing: 

<SETG SQUARE <FUNCTION (X) <• .X .X>»S 
#FUNCTION ((X) <• .X .X>) 

FUNCTION is au rsu!lR which simply makes a FUNCTION out of its arguments and returns the created 
FUNCTION. 

This. howe\'er. is generally the best way: 

<DEFINE SQUARE (X) <• .X .X>>S 
SQUARE 
,SQUARE$ 
#FUNCTION ((X) <* .X .X>) 

The last two lines immediately above are just lo prove that DEFINE did the "right thing". 

DEFINE is au FSUOR which SFTGs fVAL of irs first argument 10 the FUNCTION it mahs from the rest 
of ils argumen1'. a1H.I then returns EVAL of its first argument. DEFINE obviously requires the least 
typing of lhr abm·e methods. and ii ··uest" f rom that standpoint. However. the real reason for using 
DEFINE is 111~ fnllnwing: If EVAL of DEFINE's first argument already has a GVAL, DEFINE produces an 
error. Th i1 hrlps 10 krcp you frnm accidently redefining things - like MDL SUBRs and FSUBRs. The 
SETG cons1ruc1inns shn11 ld br nsed only when you really do want to redefine something. DEFINE will 
be used iu lhe rest of !Iris document. 

Simple Functions 
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[Actually. if it i1 ab~olutcly necessary to u1e DEFINE to ·redefine" things. there is a "switch" which M 
can be usetl: if the LVAL of the ATOl't REDEFINE i5 T (or anything not of TYPE FALSE), DEFINE will a11 
produce 110 error5. The normal state can be rutored by evaluating <SET REDEFINE <». See 

chapter 8.] 

5.5. Exampk1 (Commcnt5) [I] 

Using SQUARE as defined above: 

<DEFINE llYrOT (SIDE-I SIDE-2) 
;"This is a co..,,ent. This FUNCTION finds the 

leng t h of the hypotenuse of a right triangle 
of sides SIDE-I and SIDE-2." 

<SQRT <+ <SQUARE .SIDE·l> <SQUARE .SIDE·2>>>>S 
llYPOl 
<HYPOl 3 4>i 
5.0 

Note that rarri•!;r-rrturn5. li11e-frrd1. tabs. etc. are ju5t separators. like spaces. A comment is !!!.Y. 
single MDL e>b JC<'t whirh follow1 a ; (5e111icolon). A comment can appear between any two MDL 
objects. A cmumcnt is totally ignored by EVAL but remembered and associated by READ with the 
place in thr ru11r.11ou (or any other structured object) where it appeared. (This will become clearer 
after rhaptcr ., ) The •s (rlo11hlc-q11otes) serve 10 make everything between them a single MDL 
object. who•e lYPE is STRillG (chapter n (SQRT is the SUBR which returns the square root of its 
argument. It always returns a FLOAT.) 

A whimsical FUNCllON: 

<DEFltlE OtlE (TllETA) ; "This FUNCTION always returns l. • 
<+ <SOUARE <SIN .TllETA>> 

<SQUARE <COS .THETA>>>>$ 
OtlE 
<ONE 5>$ 
0.9!1999994 
<Oil( 0 . Z3>S 
0.99999999 

ONE alwa p rN11r1u (•pprnximarely) one. 5lnce the sum of the squares of sin(x) and cos(x) is unity 
for any Jo.. (SW and COS always return FLOAh, and tach tabs its argument In radians. ATAN 
(a rctangrn1 l rr1nrm its value iu radians. Any other trigonometric function can be compounded 

from t hP\C t hrrd 

S.4 • 5.5 Simple f'usactiou 
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ch MDL doern't have a general "to the power SUBR, so let's define one using LOG and EXP (log base e. 
•ill and e to a powrr. rrsprctively: again. they return FLOATs). 
iee 

!Y 
IL 
he 
er 
IL 
ts 

ly 
\N 
!'d 

u 

<OEFJNE •• (NUM PWR) <EXP <• .PWR <LOG .NUH>>>>S 
•• 
< .. 2 2>l> 
4.0000001 
<•• 5 3)$ 
125.00000 
<•• 25 0.5>S 
5.0000001 

Two FUUCTIOtl\ which use a single global variable (Since the GVAL bused, it cannot be rebound.): 

<OEF !HE START () <SETG GV 0»$ 
START 
<DEFrnE STEP () <SETG GV <+ ,GV 1)}}$ 
STEP 
<START>$ 
0 
<STEP>S 
I 
<SlEP>$ 
2 
<STEP>$ 
3 

START and STEP tale no argumenu. so their argument LISTs are empty. 

An interuting. hut pathological, FUNCTION: 

<DEFINE INC (ATM) <SET .ATM<+ •• ATH l>>>S 
INC 
<SEl A O>S 
0 
<INC A>S 
I 
<INC A>S 
2 
.AS 
2 

INC talfs an ATOM a\ an arg11me11t. and SETs that ATOM to its current LVAL plus I. Note that inside 
INC , lite ATOM ATM is SET to the ATON which is JU argument; thus .• ATH returns the LVAL of the 
argu anent. llowcver. there is a problc111: 

5.5 Simple Functions 
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<SET ATH O>S 
0 
<INC l\TM>$ 

-rRROR* 
f\RG-WRONG-TYPE 
+ 
USTEtl!llG-AT- lfVEL 2 PROCESS 
<ARGS <FRAME <FRllHE>>>S 
(ATM I] 

T he MDL Programm ing IAng uage Tt 

Tht rrror ocrurrrd because .ATM was ATM, 1he argument to WC, and thus .. ATl1 was ATl1 also. We 
really wa111 rhe 0111er111ost . in .. ATM to bt done in the "world" (ENVIRONHENn which existed just 6.1 
befort me was en1ered - and this definition of INC does both app lications of LVAL in iu own 
"world". Trch11iq11ri for doing INC "corrrctly" will be covered below. Read on. A 

5.5 Simple Functions 
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Chapter 6. Data Types 

We 
just 6.1. General [I) 
1wn 

ons 

A MDL nhject con,i.i• of two parts: its TYPE and its ·data part• (appendix I). The interpretation of 
rhe "data pari" of an objecr depends of course on its TYPE. The structural organization of an object, 
that is. rite way it is organized in slorage, is referred to as its ·primitive type". While there are 
many diffrrrnt TYPEs of objects in MDL, 1here are fewer primitive types. 

All struct ured nbjeclS in MDL are ordered sequences of elements. As such, there are SUBR.s which 
operate nn all nf rhcm uniformly. as ordered sequences. On the other hand, the reason for having 
differrnt pri111i1il·c types of structured objects is that there are useful qualities of structured objects 
which arc mu t ually incompatible. There are, therefore, SUBRs which do not work on all structured 
objects: thr<e SUBRs exist to take full advantage of those mutually incompat ible qualities. The 
most-commnnly·nsrd primi1ivc types of structured objects are discussed in chapter 7, along with 
those speci;,I SUBRs nprrating 011 them. 

II is very ea.sy to make a new MDL object that differs from an old one only in TYPE, as long as the 
primirh•e ty pe is unchanged. It is relatively difficult to make a new structured object that differs 
from au old one in primitive type. even if it has the same elements. 

Before talking any more about structured objecu. some information needs to be given about TYPE$ 
in gener~I. 

6.2. Prilllcd Rcpre.<e11ra1 ion [I] 

There are many TYPEs for which MDL has no specific representation. There aren't enough different 
kinds of brackets. The representation used for TYPEs without any special representation is 

-/ ype r epresent alion-as-if-i /-were-ils-primilive-lype 

READ will nndcmand that format for ~ TYPE, and PRINT will use it by default. This 

6- 6.2 Data Types 
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represrn1a1ional formal will be referred to below as "I notation". It was used above to represent 
FUNCTION•. 

6.g, SUBRs Related 10 TYPEs 

6.3.1. TYPE [I] 

<TYPE ;my > 

return.1 an ATOM whn'e PflAME corrrsponds to the TYPE of any. There is no TYPE "TYPE". To type a 
TYPE (a ren'1 homo11ym~ wonderful'). just type the appropriate ATOM, like FIX or FLOAT or ATOH etc. 
However. in lllis document we will use the convention that a metasyntactic variable can have type 
for a "data rypr": for example. foo:type means that the TYPE of foo is ATOM, but the ATOM must be 
somerhing I hat rhe SUBR TYPE can return. 

Examples: 

<TYPE 1>$ 

FlX 
<TYPE l .O>S 
FLOAT 
<TYPE +>S 
ATOM 
<TYPE ,+>S 
SllBR . 
<TYPE GEORGE>S 
ATOM 

6.3.2. PRH11YPE [I] 

<PRIMTYPE any> 

evah1a1e.\ 10 the primiti\'e type of any. The PRIHTYPE of any is an ATOH which also represents a 
TYPE. The way an objrct can be manipulated depends solely upon its PRIHTYPE; the way it i5 
evaluatrd drpcnd1 npon irs TYPE. 

Ex-am pies: 

<PRIMTYPE l>S 
WORO 
<PRIMTYPE l.O>S 

6.2 • 6.S.2 Data Types 
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WORD 
<PRIHTYPE ,+)$ 
WORD 
<PRlHTYPE GEORGE>$ 
ATOM 

6.3.3. TYPEPRIH (I] 

<TYPEPRIH type> 

45 

returiu lht PR111TYPE of an objl'Ct whose TYPE Is typt1. typt1 is, as usual, an ATOH used to designate a 
TYPE. 

Examples: 

<TYPEPRIM FIX>$ 
WORD 
<TYPF.PRJH FLOAT>$ 
WORD 
<TYPEPRIH SUBR>S 
WORD 
<lYPEPRIH ATOH>S 
ATOM 
<TYPEPRJH FORH>S 
LIST 

6.S.4. CHTYPE (I] 

<CHTYPE Jny type> 

("change 1ype") re111rn~ a 11ew object 1hai has TYPE lype and the same "data part" as any (appendix I). 

<CHTYPE (+ 2 2) FORH>S 
<+ 2 2> 

An error i~ genera led if the PRIHTYPE of any is not the same as rhe TYPEPRIH of type. An error will 
also be genNaled if 1he allempted CHTYPE is dangerous and/or senseless, for example, CHTYPEing a 
FIX 10 a SU6R. Unfortunately. I here are few useful examples we can do at this point. 

(CHTYPEing 3 FIX 10 a FLOAT or vice versa produces, in general, nonsense, sin~ the bit formats for 
FIXes and FLOATs are different. The SU8Rs FIX and FLOAT convert between those formats. Useful 

6.S.2 • 6.S.4 Data Type5 



---------------------------------------.. 
46 The MDL Programming Language 

obscurity: hrca1nr nf thrir intrrnal rrprrsrntations on the PDP-10, <CHTYPE <HAX> FIX> gives the 
leut po~sil.Jle FJX, and analngnn•ly for Miii.] 

Pauing noir: "N 1101a1ion" is just an instruction to READ saying "READ the reprtsentation of the 
PRIMTYPE normally and (litrrally) CHTYPE it to the specified TYPE". [Or, If the PRIHTYPE is 
TEHPL/\TE, "apply the GVAL of the TYPE name (which should be a TEMPLATE constructor) to the given 
elements of the PRJMTYPE TEMPLATE as argunm1ts."J 

6.4. More SUBR> Rel•ted to TYPEs 

6.4.1. All TYPES 

<ALLTYPES > 

Tl 

th 
If 

"'' 10 

ca 
pr 

F< 
pr 
st 
ai 
y• 
Si 

"' 
Y' 

N 
cl 

returtu a VEClOR (cl13pter 7) containing j1ut those ATOiis which can currently be returned by TYPE Ii 
or PRIMTYPE . This is the nry "TYPE l'ector" ("ction 22.1) that the interpreter uses: look, but don't e• 
touch. No examplrs: try it. or see apprndix 3. a 

b 
a 

6.4.2. VALID-TYPE? ti 
A 

<VALID-TYPE? atom> f 

returiu #FALSE () if atom is not the name of a TYPE, and the same object that <TYPE-C atom> 1 
(section 19.5) returns if it is. " 

6.4.3. NEllTYPE 

MDL is a 1ype-rxtemihle language, in 1he sense that the programmer can invent new TYPEs and use 

d 
ti 
d 

them in tl'rry way that the predefined TYPES can be used. A program-defined TYPE is called a 1 
NE\ITYP~. New rRJMTYPE \ cannot l.Jr invented except by changing the interpreter; thus the TYPEPRIH ( 
of a llEllTYPE mn\I he rhnm1 from those already available. But the name of a NEllTYPE (an ATOH of t 
course) ran be d1n<e11 freely -- so long u it does not conflict with an existing TYPE name. More ~ 
importantly. the program that <.lefinu a NE\ITYPE can be included in a stt of programs for 
manip11la1ing nbjrcts of the flEllTYPE in ways that are more meaningful than the predefined SU8Rs 
of MDL < 

Typic~lly an object of a NEllTYPE ha wucture that is a model of some entity In the real world - or 
whatc,•rr wnrld thr program i\ concernrd with - and the elements of the ltructure are models of 
parts or ~•peers of the real.world entity. A NEllTYPE definition is a convenient way of formalizing 

6.S.4 - 6.4.3 Data Typu 
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this oorre,pontknrt'. of writing h down for all lo stt and use rather than kttping it in your head . 
If the drfining \ct of programs provides functiom for manipulating the NEllTYPE objects in all 
ways th•• .irr 111r•ni11gf11I fnr the inte11ded uses of rite NEllTYPE, then any other program that wants 
10 iue rhe Nf.WIYrr: r•n rall the manipnlation functions for all its needs. and it need never know or 
care al.tour the intrrnal delails of the NEllTYPE objects. This technique is a standard way of 
providln!( 111od11l.iri1y and abs1rac1ion. 

For e~n111plr. "'l'Po'e yon wnnled to deal wilh airline schedules. If you were to construct a set of 
progra111' t ha! drfinc and manipnlare a NEWTYPE called FLIGHT, then you could make that set into a 
su111Jarcl p>elat:r nf pr('lgranu and call on it lo handle all information pertaining to scheduled 
airline rtight< Sinr<' all FLIGllh would havt the same quan1ity of information (more or leu) and 
you wonltl ''am qnicl access to indi\'idual elements. you would not want the TYPEPRIH to be LIST. 
Siner rhe rk111rn1~ "nnld be of various TYPEs. you would not want the TYPEPRIH lo be UVECTOR -
nor irs variation< S TRHIG or BYTES. The 11a111ral clooice would be a TYPEPRIH of VECTOR (although 
yon contd gain •parr and ln<e time wirh TEHPLATE insleadi 

Now. the ir1tlo\'idnal elrmrnts of a FLIGHT would, no doubt, have TYPEs and meanings that don't 
change Thr drmrrm nf a FLICllT 111ight be airline code, flight number, originating-airport code, 
lht of i111N111rrli.rr \lops. drstina1ion-aiq1ort code. type of aircraft, days of operation, etc. Each and 
every FLTGllT would have the airline code for its first element (say), the flight number for its second, 
and so nn. It h natural 10 invrnt names (ATOMs) for these elements and always refer to the elements 
by 11a111r. Fnr <'xampk. you could <SETG AIRLIHE l> or <SETG AIRLINE <OFFSET l FLIGHT» -
and In either ra\e <MllNJFEST AIRLINF> so the compiler can generate more efficient code. Then, if 
the tncal vahre nf F were a FLIGHT, <AIRLINE .F> would return the airline code, and <AIRLINE .F 
AA> wnnld \Cl the ai•line code to AA. Once that is done, you can forget about which element comes 
fin1: all you nerd 10 lnow arc the name.\ of the offsets. 

The ne:\t step is to notice that. outside the pachge of FLIGHT functions. no one needs to know 
whetlorr AIRL TllC i< j u\! an offlct or in fact a function of some kind. For example. the scheduled 
duration of a flight 111ight not be explicitly slorcd in a FLIGHT, just the scheduled times of 
departure and arrival. 8111. if the package had the proper DURATION function for calculating the 
dnra11n11. then tire call <OURllTIOll .F> could return the duration. no matter how it is found. In this 
way !he inrrrnal drtaih of the package are convenienrly hidden from view and abstracted away. 

The form of NElllYrE definiriou allows for the TYPEs of all components of a NEllTYPE to be declared 
(chapter 1·1'. for 11\C both l.ty a prngrammer while debugging programs that use the NEllTYPE and by 
the co111pilrr rnr !:<nrrating fa\trr code It is very convenient to have the type declaration in the 
ll E llTYP~ drfi11i1in11 ir-elf. rather rhan replicating it everywhere the NEWTYPE is used. (If you think 
this declorntinn 111ighl be obtrusi"e while debugging the programs in the NEWTYPE package. when 
rnconsi\lcnt imprn,-cmcnts art bring made to various programs, you can either diussociate any 
declaration frn111 rhc llCllTYPE or turn off MDL type-checking completely. Actually th is declaration 
is typically 111ore us~ful to a programmer during development than it h to the compiler.) 

<NEWTYPE atom type> 

6.4.3 Data Types 
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returns ~tom, artrr rousing it to brcomr the rrpruentation of a brand-new TYPE whose PRIHTYPE is J 

<TYPEPRltl /\·p<'>. What NE..,TYPE aclll•lly does is make atom a legal argument to CHTYPE and 
TYPEPRJM. (Nnte lhal n•111e1 of new TYPEs can be blocked lexically to prevent collision with other 
11:unr1. Jn11 lil-r •ny 01hrr ATOM1 .. chaprer 15.) Objects of a NEWTYPE·created TYPE can be generated 
by crentill(: au objrct or thr •pproprlare PRIHTYPE and using CHTYPE. They will be PRINTed 
(initially\. and can be direclly tnied in. by the u&e of "I notation" H described above. EVAL of any 
object whn'e TYPE was creatrd by NEWTYPE b initially the object itself, and, initially, you cannot 
APPLY somrthiug nr • g<'nerated TYPE to arguments. But see below. 

Examples: 

<NEWTYPE GARGL( FIX>S 
GARGLE 
<TYPEPRIM GARGLE>S 
i,ioRO 
<SET A CCltTYPE I GARGLE>>S 
~GARGLE •000000000001• 
<SET B IGARGLE lOO>S 
;GARGLE •000000000144• 
<TYPE .n>s 
GARGLE 
<PRltlTYPE .B>S 
WORD 

6.4.4. PRINTTYPE , EVAL TYPE and APPL YTYPE 

<PRINTTYPE t ype how> 

<EVAL TYPE type how> 

all return t~pe. artrr sprcirying how MDL is to deal with it. 

The5e thrt'<' $llBR' can be u•ed to make uewly·generated TYPEs behave in arbitrary ways. or to 
change the characteri1tks of st•ndud MDL TYPu. PRINTTYPE telb MDL how to print type, 
EVALTYPC how tn l''"aluate it. and ArPL YTYPE how to apply it in a FORM. 

how can be l'itlorr a TYPE or $0111c1hi11g that can be applied to argumenb. 

If how i~ a TYPE, MDL will trrat t r pe jnst lil.e the TYPE given as how. how must have the same 
TYPEl'R lM as t .•;:>e. 

If how i~ npplical>I~. it will be used in the following way: 

6.4.3 • 6.4.4 Data Typn 
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For PRIHHYPE, how should la~t Out arguintnl: lhe object being output. how should output 
Eis somcihiug wi1hn111 fnnna11ing (PRIN!.s1yle): lls result is ignored. (Nott: how cannot use an output 
tnd SUBR 011 how·, nwn f)pe: cnrllr11 recursion will result. OUTCHAN is bound during the application to 
her ihe Cfll\J/NEL iu 111p, or rn • l"PlldO·inrernal chauuel for FLATSIZE - chapter II.) If how is the SUBR 

1ted PRINT, /,>pc will recrive no special rreollntru in printing. that is, it will be printed as it was in an 
Ted initial MDL nr immcdiarcly af1cr its defining NEWTYPE. 
iny 

not For EVllLTYPE. how should u~e one arg11111en1: the object being evaluated. The value returned by 
how will br 111ru as EVAL of the objec1. If how is the SUBR EVAL, lyp& will receive no special 
rrta1111r11 1 i11 r,·:.J11atio11. 

• to 
vpe, 

ime 

For APPL YlYVE, ro .. shnuld 1:ilt at least one argument. The first argument will be the object being 
applird: the n•1t will lie 1hc objccr1 ii was given u argument>. The result returned by how will be 
used a. 1hc rr"'h of 1hc applica1ion. If how is the SUBR APPLY, /yp& will receive no .special 
1ru1111e111 in •pplication 10 argnmenrs. 

If any of 1hc1c SUllR1 i' given only one argument. that is if how is omitted, it returns the currently 
active how la TYPE or an applicable object). or el1e #FALSE () if lyp~ is receiving no special 
1rea1111cnt in lhar npprarirrn. 

Unfort11na1cly. thc1c c.~a111plr1 arr fully undentandable only after you have read through chapter 11. 

<OEFrnE ROMllN·PRINT (NUHB) 
<CONO (<OR <L•? .llUHB O> <G? .NUMB 3999» 

<rRINC <CHTYPE .llUHB TIHE>>) 
(T 

<RCPRIIH <I .IWHB 
<RCPRINT {/ .NUMB 
<RCPRHH <I .NUMB 
<RCPRINT .NUMB 

ROl1Ml - PRINT 

<OErJNC RCPRTNT (MOON V) 
<SET MOOll < 1100 . MOON I 0 » 
<co~o (< == ? 0 .MOON>) 

1000> '![!\HJ> 
100) '![!\C !\O !\HJ> 
10> '![!\X !\L !\CJ> 

'![!\I l\V !\XJ>)>>S 

(<::? 1 .~10011> <PRINC <I .V»J 
(< == ? 2 .MOOll> <PRINC (1 .V>> CPRINC <l .V>>J 
C<= =? 3 .HOON> CPRlllC Cl .V» CPRINC Cl .V)) CPRINC Cl .V)>) 
(<••? 4 .MOOll> <PRillC Cl .V>> CPRINC CZ .V>>J 
(<==? 5 .MOON> CPRINC CZ .V>>) 
(< ::7 6 .HODll> CPRINC CZ .V» CPRINC Cl .V») 

(<==' 7 .MOON> <PRINC C2 .V>> CPRINC Cl .V>> <PRINC Cl .V>>) 
C< == > 8 .MOOll> 
<PRINC <2 .V» 
< l'RINC <I . V» 

6.4.4 Data Types 
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<PRINC <I .V» 
<PRINC <l .V») 

(< == ? 9 .MOON> <PRINC <l .V>> <PRINC (3 .V>>)>>S 
RCPRHH 

<PRUHTYPE TIME FIX> ;•fairly harmless but necessary here"S 
TIME 
<rRTNTTYrE FIX ,RONAN-PRINT> 
rrx 

;"hee hee!"S 

<• Z Z>S 
IV 
1984$ 
11C11LXXXIV 
<PRINTTYPE FIX ,PRINT>S 
FIX 

<NEWIYPE GRITCH LIST> ;•a new TYPE of PRI"TYPE LIST"S 
GRl TCH 
<EVALTYPE GRITCH>S 
lrALSE () 
<EVALTYPE GRITCH LIST> ;•evaluated like a LIST"S 
GRITCH 
<EVALTYPE GRITCH>S 
LIST 
IGRlTCll (II <+ 1 Z J) !<SET A "ABC">) 
#GRITCH (A 6 !\A !\B !\C) 

;"Type in one.•s 

<NEWTYrE HARRY VECTOR> ;•a new TYPE of PRI"TYPE VECTOR"$ 
HARRY 
<EVALTYPE HARRY #FUNCTION ((X) <l .X>)> 

;"When a HARRY is EVALed, return its first element."$ 
111\RRY 
IHllRRY [l Z 3 4)$ 
1 

<NEWTYPE WillNER LIST> ;•a TYPE w1th funny application•$ 
WlNlffR 
<APPL YTYPE WlNilER>S 
IFALSE () 
<APPLYTYPE WINNER <FUNCTION (W "TUPL£• T) (!.V !.T)>>S 
\IWllER 
<APPLYTYrE WINllER>S 
~rUllCTlON ((W "TUPLE" T) ( ! .\/ !.T)) 
<fWJNNER (A 8 C) <+ I Z> q)S 
(A 8 C 3 q) 

6.4.4 Data Typu 
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Tht follow ing sequence makes MDL look just likt Lisp. (This example ii undeutandablt only if 
you know Lisp (Moon. 1974): it b included only btcause it is so beautiful) 

So now: 

<EVALTYPE LIST FORK>S 
LIST 
<EVALTYPE ATOii ,LVAL>S 
ATOii 

( • l Z)S 
3 
(SET 'A S)S 
5 
AS 
5 

To complete the job. of courst, wt would havt to do some SETG's: car 11 l, cdr i5 ,REST, and 
lambda is , FUNCTION. If you rHlly do thl1 example. you 1hould "undo" it before continuing: 

<EVALTYPE 'ATOii ,EVAL>S 
ATOii 
<EVALTYPE LIST ,EVAL>S 
LIST 

6.4.4 
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Chapter 7. Structured Objects 

This chapter discusst's structured objtcts in genttal and the five basic structur~ PRI"TYPE.l. [We 
defer detailed discussion of the structu~ PR1"TYPEs TUPLE (section 9.2) and STORAGE (section 
22.2.2).] 

7.J. Manipulation 

The following SUBRs operate uniformly on 111 structured objects and generate an error if not 
applied to a structured objttt. Hrreafter, struc/1Hed represents a structu~ objecL 

7.1.J. LENGTH [I] 

<LENGTH structured> 

evaluatH to the number of elements in structur«I. 

7.1.2. NTH [I] 

<NTH structured fix> 

rvaluatt's to the fil<th element of structured. An rrror occurs if fi1t is Im than 1 or greater than 
<LENGTH structured>. fiK is optional, l by default. 

7.1.3. REST (I) 

<REST structured fiK> 

evaluates to structured without its first fiK elements. fiK is optional, l by default. 

Obscure but important side effect: REST actually returns structured "CHTYPEd" (but not through 

7. 7.1.S Structuttd Objects 
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applica1ion nf CHTYPE) lo its PRIHTYPE. For example, REST of a FORH is a LIST. REST with an 
explicil second argumenl of 0 has no effect txe1!pl for this TYPE change. 

7.1.4. PUT [JJ 

< rur structured fix any//11ng-legal> 

fiut 111alr~ ;mi-thmf.· l<'[!al the f1>1h element of structured, then evaluates to structured. anyth111g·lega/ 
is any1h i ng 1>hich can legally be an el"nenl of structured', often. this is synonymous with "any MDL 
objrc1". bu t \rr brlow. An rrror occun if f11r is less than I or greater than <LENGTH structured>. 
(PUT is actually more general than this ··chapter IS.) 

7.1 .S. GET 

<GET structured fix> 

evah1a1r\ !hr samr as <NTH structured fix>. It is more general than NTH, however (chapter IS), and 
is includrd here only for sy1111nr1ry with PUT. 

7.l.6. APrL Ying a FIX [I) 

EVAL uuder.tand\ the applira1ion or an object of TYPE FIX as a "shorthand" ca!I to NTH or PUT, 
depending on whe1hrr it is given one or two argumenu. respectively [unle" the APPLYTYPE of FIX is 
changed). Thal i•. [VAL considers the following two to be identical: 

(fnt $/ruclurcd> 

<NTH structured fix> 

and thue: 

((1x structured object> 

<PUT slruclured fix object> 

[Howe,·er, the c<>mpiler (Lebling. 1979) ca111101 generate efficient code from the longer forms unleu 
it is sure 1hat fix h a rrx (section 9.10). The two constructs are not identical even to EVAL, if the 
ordPr of PV•lua1io11 iA significa111: for rxamplP, these two: 

<NiH .X <LENGTH <SET X .Y>>> <<LENGTH <SET X .Y>> .X> 

arp ~identical.) 

7.U. 7.1.6 Structured Objects 
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7.1.7. SUBSTRUC 

SUBSTRUC ("~11b,trurrure") facilitates the corurruction of structures that are composed of aub-paru of 
existing strucrnres. A special case nf this would be a "substring" function. 

<SUBS TRUC from:slrvclvred resl:fi1t amounl:filf to:strvclured> 

copies the first ;rr .. ovnt elemenu of <REST from rest> into another object and returns the latter. All 
argumcnl\ arc 01>1ional cxcrpt from. 1<hich 1111ut be of PRitlTYPE LIST, VECTOR, TUPLE (treated like 
a VECTOR). STRJllG, BYTl:S, nr UVECTOR. rest is 0 by default, and amount is all the elements by 
defaull . to. if gi,.cu. rccei\'es rhr copied elements, starting at its beginning: it must be an object 
whose TYPE i\ rhe PRIHTYPE of from (a VECTOR if from is a TUPLn If lo is not given, a new object is 
returrm.I. nf TYl'E < l'Ril1TYPE from> (a VECTOR if from is a TUPLE). which never shares with from. 
The copying i\ done in one frll s"oop. not au element at a time. Note: due to an implementation 
restriction, if from is of PRIHTYPE LIST, it must not share any elements with lo. 

7.2. Repre~ent_!!.t ion of Ba5ic Structures 

7.2.1. LIST [I) 

( element· I elemenl-2 • • • eletn11nl-N ) 

rt'presenh a LIST of N elements. 

7.2.2. VECTOR [I] 

( olemcml-1 elomenl-2 • . • elemenl-N ) 

represeuH a VECTOR of N elrmcnts. [A TUPLE is just like a VECTOR, but it lives on the control stack.] 

7.2.3. UVECTOR [I] 

![ C'IC'rr>c>nl-1 elemenl-2 .. • elttmenl-N ! ] 

represcnl\ a UVECTOR (uniform vector) of N elements. The second ! (exclam1tion°point) b optional 
for input [A STORAGE is an archaic kind of UVECTOR that is not garbage-collected.] 

7.1.7 - 7.2.S Structur~d Ob jec:ta 
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7.2.4. STRING [l] 

"<hifrncler~· 

represe111s a STRING of ASCII 1cxt. A STRING containing the character • (double-quote} is 
represe111ed lly placing a \ (lladslash) before the double·quote inside the STRING. A \in a STRING 
is represe111cd lly two consecutive backslashes. 

by 7.2.5. BYTES 
ject 
;t is In {elempnf-1 elemenf-2 •.• elemttnl-N} 
rom. 
lion represents a siring nf N uniformly-sized bytes of size" biu. 

ck.] 

mal 

7.2.6. TEMPllllE 

{ elemenl·l elemenl-2 ..• elemenl-N ) 

represen1s a TEMPLATE of N elements when output, not input .• when input, a I and a TYPE must 
precede it. 

7.3. Evalua1in11 nf Basic Structures Ill 

This •cc1in11 and lhe nrxt two describe how EVAL treats the basic structured TYPEs (in the absence of 
any modifyini,: EVllL TYPE rails (sertion 6.'f.4n 

EVAL of a STRHIG (or BYTES or TEMPLATE] Is just the original object. 

EVAL act• e:\actly lhe same with LISh, VECTORs. and UVECTORs: it generates a !!!.!!'..object with 
eleme111• equal to EVAL of lhe elcmc111s ii is given. This is one of the simplest means of 
consrructing a srrucrure. llowever, see section 7.7. 

1.4. Example\ [I) 

(I Z <+ 3 4>JS 
(I Z 7) 

<SET FOO [5 <- 3) <TYPE "ABC•>]>S 
[S -3 STRING] 
<Z .FOO>S 

7.2.4. 7.4 Structured Objects 
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- 3 
<TYPE <3 .FOO»S 
ATOM 
<SET BAR ![( "meow") (.FOO)]>S 
![("meow") ([5 -3 STRING])!) 
<LENGTH . BAR >S 
2 
<REST <I <2 .BAR>>>S 
[ - 3 STRING] 
[ <SUGSTRUC Cl <2 .BAR>> 0 2>)$ 
[ [ 5 -3 ) ) 

T he MDL Programming Language 

<PUT .f'OO I SNEAKY> ; "Watch out for .BAR ! '$ 

[SNEAKY -3 STRING] 
.CAR$ 
' [("meow") ([SNEAKY -3 STRING])!] 
<SU FOO <REST <I <I .BAR» 2»$ 
"ow" 
. llARS 
![("meow") ([SNEAKY -3 STRING))!] 

7.5. Gencr•lion of n~sic Struc1urrs 

Since LIST~. VECTORs. UVECTORs, and STRINGs [and BYTESts] art all generated in a fairly uniform 
man nrr. mclhods of grnera1 ing them will be covered together here. [TEHPLATEs cannot be generated 
by the interpreter ii.elf; see l.ebling (1979).] 

7.5.1. Di rect Representation [I) 

Since EVAL of a LIST, VECTOR, or UVECTOR is a new LIST, VECTOR, or UVECTOR with elements which 
are EVAL of the original rlrmrnls. simply evalua1ing a representation of the object you want will 
generate it . (Cor~ 11111s1 be ta~rn wltrn representing a UVECTOR 1hat all elements have the same 
TYPE.) Thi,, merhnd of generation was exclusively used in 1he examples of section 7.4. Note that 
new STRltlG~ [and BYTESe.~) will not be generated in this manner, since the contents of a STRING are 
no1 interpre1cd or copied by EVAL . The same is 1rue of any other TYPE whose TYPEPRIH happens to 
be LIST, VFCTOR, nr UVECTOR [again, assuming it ueilher has been EVALTYPEd nor has a built-i n 
EVALTYPE , as do FORM and SEGMENT]. 

7.5.2. QUOlE [I I 

QUOTE is an FSUBR of one argume1t1 which rerurns ils argument unevaluated. READ and PRINT 

7.4 . 7.5.2 St ructur~ Object• 
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undrrsund !he d1aractrr ' (single-quote) u an abbreviation for a call to QUOTE, the way period and 
comma wnrk for LVAL and GVAL. Examples: 

(+ 1 Z>$ 

3 
'<• l Z>l> 
<• I 2> 

Any LIST, VECTOR, or UVECTOR in a program that is constant and need not have its elements 
evaluaoetl >hnulci br rrprcsrntrd dircclly and inside a call to QUOTE. This technique prevents the 
structu re- frn111 heing copied each lime that portion of the program is executed. Examples hereafter 
will adh r reo to this dictum. (Note: one should~ modify a QUOTEd obj«t. The compiler will one 
day put ii in r<-ad-only Cpurt') storage.) 

7.5.3. LIST, VECTOR, UVECTOR, and STRING (the SUBRs) [I) 

Each nf 1l1e SllflRs UST, VECTOR, UVECTOR, and STRING takes any number of arguments and 
reinrus nu nbjrrt of the apprnpriate TYPE whose elements are EVAL of iu arguments. There are 
llmitatinu$ 11n wl1at the argumcuis 10 UVECTOR and STRING may EVAL to, due to the nature of the 
objects gc11cra1cd. Src •cclions 7.G.S and 7.6.6. 

LIST, VECTOR, and UVECTOR are generally nstd only in special cases, since Dirtct Reprtsentation 
usually prntluccs rxactly tlie same effect (in the absence of errors~ and the intention b more 
apparr111. [Nn1c: if .Lis a LIST, <LIST I .L> makes a copy of .l whereu ( ! .l) doesn't; see section 
7.7.] STRING, 011 1hr olher hand. produces effects nry different from literal STRINGs. 

Examples: 

<LIST I <+ 2 3> ABC>S 
(1 5 llBC) 
(I<+ 2 3> AOC)S 
(I 5 AllC) 

<STRHIG "A" <2 "QWERT") <REST "ABC"> "hello")$ 
"AWBChcllo" 
"A <+ 2 3> (5)"S 
"A<• 2 3> (5) 0 

7.S.4. lLrST, !VECTOR, IUVECTOR, and ISTRING(I) 

Each of lht> SUBRs !LIST, !VECTOR, IUVECTOR, and !STRING \implicit" or "iterated" whatever) 
creates and return~ an object of lhe obviou$ TYPE. The formal of an application of any of them is 

< ///uni; number·of-elemenls:fiit e•press1on:1ny > 

7.S.2 • 7.5.4 Structured Objects 
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where lthinf. i1 nnr nf !LIST, !VECTOR, IUVECTOR, or !STRING. An object of LENGTH number-of
elemenl~ i• grnrra1ed. who•e elemenls are EVAL of expression. 

expression is op1io11al. Whrn it is not specifird. ILIST, !VECTOR, and IUVECTOR return objects 

T 

7.' 

filled wi1h ohjrc1 1 of TYPE LOSE (PRIH TYPE \/ORD) as place holders. a TYPE which can be passed A 
around a1HI havr i1s TYPE checked. but olherwise is an illegal argument. If expression is not m 
specified in IS TR ING, you gel a STRING made up of A~ characters. L 

01 
When e>pr<•oc.ion is suppl ird as an argument. it is re·EVALuated each time a new element is 
genera led. (i\r111ally. EV/IL ~r t?xprcssion is re-EVALua1ed, since all of these are SUBRs.) Sl'e the last 7. 
examplr for how 1hi1 argument may be used. 

[Dy th~ way. in a con.,1ruct like <IUVECTOR 9 ' .X), even if tilt LVAL of X evaluates to itself, so that 
the ' coultl be 0111i11ed wi1ho111 changiug the result. the complier is much happier with the ' in cl 
place.] ti 

IUVECTOR and !STRING again have limitations on what expression may EVAL to; again, see sections 
7.6.5 and 7.6.G. 

Exampks: 

<I UST 5 6>S 
(6 6 6 6 6) 
<IVr.CTOR 2>$ 
(-LOSE •000000000000• #LOSE •OOOOOOOOOOOO•] 

<SET A O>S 
0 
<IUVECTOR 9 '<SET A (+ .A J>>>S 
![ l 2 3 4 5 6 7 B 91 l 

7.5.5. FORM a11d !FORM 

Sometimes the 11rrd arise~ 10 create a FORM without EVALing it or making it the body of a FUNCTION. 
In such ca~e~ 1h~ SUIJR1 FORM and !FORM ("implicit form") can be used (or QUOTE can be used). They 
are entirely a11alngn11s to LIST and I LIST. Example: 

<DEFINE INC-FORM (A) 
<FORM SET .A <FORM + I <FORH LVAL .A>>>>S 

rnc - FORl1 
<INC-FORM FOO)S 
<SET FOO <+ I .rOO>> 

7.S.4 . 7.5.S Structured Ob~U 
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7.6. Uni'l!!e Proe.eriie• of Primith•e TYPEs 

7.6.I. LISI (1he PRIHTYPE) [I} 
•jecu 

assed An objrct of PRitlTYPE LIST may be co111idered u a "pointer chain" (appendhc I). A11y MDL object 
, not may be a 11 ck111cn1 of a PRIMTYPE LIST. II Is easy to add and remove elemenu of a PRIHTYPE 

LIST, bnl rhe higher N is. rhe longer it lakti to refer to the Nth element. The SUBRs which work 
only on ObJN'IS of PRIHTYPE LIST are thue: 

nt is 
! last 7.6.1.1. PU TREST [I J 

• that 
< PUTRES T ht:'.>d:pr1mlype-l1sl lall:primlype-lisl> 

• in ehangrs he•d <n rhat <REST he.d> is lat/ (actually <CHTYPE /ail LIST>), then evaluates to httad. Note 
1hat 1hi< ar1 nally changes he Mt. i! also changes anything having httad as an element or a value. For 
example: 

t ions 

"ION. 

<SET BOW [<SET ARF (B W)> }>S 
[(8 W)] 

<PUTREST .ARF '(3 4)>$ 
( D 3 4) 
.nows 
[(B 3 4)) 

PUTREST os probably mosl of1c11 uird to splice lists togeiher. For example, g iven that • L is of 
PRIH TYPE LIST. 10 leave 1he firs1 m clemcnu of ii intact and take out the next n elements of it, 
<PUTREST <REST .L <- m I» <REST .L <+ m n»>. Specifically, 

<SET UUMS ( I 2 3 4 S 6 7 8 9 )>$ 
(I 2 3 4 5 6 7 8 9) 
<PUTREST <REST .NUMS 3) <REST .NUHS 7))$ 
(4 8 9) 
. tlUMS!. 
(I 2 3 4 8 9) 

They 7.6.1.2. CONS 

>~CU 

< COllS new lis t> 

rcons1ruc1l adds r.ew 10 1he fro111 of list, without copying /is/, and returns the resulting LIST. 
Reference' lo list arc 1101 affrctrd. 

CEvalualing <COtlS .E .LIST> is equlvalenl to evaluating ( .E ! .LIST) (section 7.7) but is le$$ 
preferable 10 1h~ compiler {lebling. 1979).] 

7.6 • 7.6.1.2 Structured Objecu 
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7.6.2. "Array· PRIMTYPEs [I) 

VECTORs. UVCCTORs. and STRINGs [and BYTESes and TEMPLATfa] may be considered as "arrays• 
(appendi:'I'. I ). It i.1 e•~y to refer to the Nth element irrespective of how large N is, and it is 
relatively diffkult to add and delete elements. The following SUBRs can be used only with an object 
of PRIMTYPE VECTOR, UVECTOR, or STRING [or BYTES or TEMPLATEi (In this section array represents 
an object of such a PRIMTYPE .) 

7.6.2.1. BACK [I] 

This i.s lh ~ upposil~ of REST. It evaluates to array. with fix elements put back onto its front end, 
and chan~rd to its PRIMTYPE. fi.v is optional. 1 by default. If fix is greater than the number of 
elements whkh h••'C been RESTcd off, an error occurs. Example: 

<SET ZOP <REST '!(! 2 3 4] 3>>S 
! [ 4 ! ) 
<BACK . zor 2>S 
1 (2 3 4!] 
<SET S <REST "Right is might.• 15>>S 
•• 
<BACK .S 6>$ 
•might.• 

7.6.2.2. TOP [I] 

<TOP array> 

"BACKs up all the way" •· that is. evaluates to array, with all the elements which have been RESTed 
off put bad onto it. and changed to its PRIHTYPE. Example: 

<TOP .ZOP>S 
! [1234!) 

7.6.3. "Vector PRIHTYPEs 

7.6.3.1. GROW 

<GROW vv end:fix beg:fix> 

adds/ re111ovrs ele111ents to/from either or both ends of vv, and returns the entire (TOPped} resultant 
object. vu can be of PRIHTYPE VECTOR or UVECTOR. end specifies a lowu bound for the numb~r of 

7.6.2 • 7.6.S.I StR1cturftl Object• 
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elements to Loe added tn the end of vu: beg specifies the same for the beginning. A negative fix 
spttifics removal of clemenis. 

The 1111111ber nf ele111e111s added 10 ead1 rupeciive eud is end or beg increased to an integral multiple 
of X, whrrr X is 32 for PRIHTYPE VECTOR and 64 for PRIMTYPE UVECTOR (I produces 32 or 64; -1 
proJu'e' OJ. Thr rkmcnl \ added will lie LOSEs if vu is of PRIHTYPE VECTOR, a11d "empty" whatcver
they-are's if vu is of PRIMTYPE UVECTOR. An "empty" object of PRIHTYPE WORD contains zero. An 
"empty" object of any other PRIMTYPE has zero in its "value word" (appendix I) and is not safe to 
play with: ii 'hould be replaced via PUT. 

Note that. if rleiurnrs are added to the beginning of vu, previously-uisting references to vv will 
have to me TOP or B/\CK to get at the added elements. 

Caution: GROii is a •·cry expensive operation; it re9uires a garbage collection (section 22.4) ~ 
time ii is u\td. II •honld be reserved for very special circumstanw, such u where the pattern of 
shared elements is terribly important. 

Example: 

<SET A '![1]>$ 
! [I I ] 
<GROii .AO 1>$ 
1(0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l!J 
.AS 
' [I ! ] 

7.6.3.2. SORT 

This SUBR will sorr PRIHTYPEs VECTOR, UVECTOR and TUPLE (section 9.2). It worlcs most 
efficlently if lh~ sort keys are or PRil1TYPE WORD, ATOM or STRING. However, the keys may be of 
any TYPE, and SORT will srill work. SORT acrs 011 fixed-length records which co1ulst of one or more 
contigun1u elemenrs in tire .iructure being sorted. One element in the record Is declared to be the 
sort key. Also. any number of addirional structures can be rearranged based on how the main 
structure is sorted. 

<SORT pred sl /J off s2 12 s3 13 ... sN IN> 

P'ed is either (see ch•pter 8 for information about predicates~ 

(I) TYPE FALSE. in which ca1e the TYPEs of all the sort keys must be the same; they must be of 
PRIHTYP( I/ORD, STRING or ATOH; and a radix-exchange sort is used; or 

7.6.3.1 • 7.6.S.2 Structured Ob jecu 
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(2) some!hing applicable to two sort kfys which returns TYPE FALSE if the first is not bigger 
than the <rrnnd. in whirh cue a slitll sort is used. For example ,G? sorts numbers in ascending 
order. , l? in descending ordu. Note: if your pred is buggy. the SORT may never terminate. 

s J • sN arr the (PR IMTYPE) VECTORs, UVECTORs or TUPLEs being sorted. and s J contains the sort 
keys: 

11 .•• IN are the corresponding lengths of sort records (optional. one by default~ and 

off is the nrr,rt frorn 'tart of record to sort key (optional. zero by default~ 

SORT returns the sorted sl as a value. 

Note: the SUBR SORT calls the RSUBR (chapter 19) SORTX; if the RSUBR mu51 be loaded, you may $tt 

some output from the loader on your terminal. 

Example.: 

<SORT <> <SET A <IUVECTOR 500 '<RANOOll>>>>S 
![ ... ! J 

soru a UVEClOR of randnm integen. 

<SET V [I HONEY 2 SHOW 3 REAOY 4 GO)>S 
[ ... ] 
<SORT <> .V 2 l>S 
(4 GO 1 HONEY 3 READY 2 SHOii] 

<SORT , l? .V 2>S 
(4 GO 3 READY 2 SHOW 1 HONEY] 
.vs 
[4 CO 3 READY Z SHOW I HONEY] 

<SORT <> ![ 2 1 4 3 6 5 8 7) 1 0 .V>S 
![I 2 3 4 S 6 7 8!) 
.vs 
[GO 4 READY 3 SllOW 2 MONEY 1] 

The firsr \nrt was based on the ATOMs' PtlAllEs. considering records to be two elemenu. T he second 
one sorted basl'd on thr f!Xl's. The third interchanged pairs of elements of uch of its 5tructured 
arguments. 

7.6.S.2 Structured Objecb 
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7.6.4. VECTOR (!he PRH1TYl'C) [I] 

Any MDL objrcl may be an elen1ent of a PRIHTYPE VECTOR. A PRIHTYPE VECTOR takes two words 
of storage 111orc 1ha11 an rquivalent PRIHTYPE LIST, but takes it all in a contiguous chunk, whereas 
1 PRIHTYPF LIST may be physically spread out in storage (appendix I). There are no SUBRs or 
FSUBRs which opera re only on PRTl'ITYPE VECTOR. 

7.6.S. UVECTOR (rhe PRIHTYPE) [I] 

The difference between PRIHTYPEs UVECTOR and VECTOR is that enry elrrnent of a PRIHTYPE 
UVECTOR mus! be of the same TYPE. A PRIHTYPE WECTOR takes approximately half the storage of 
a PRIHlYP( VECTOR or PRIHTYPE LIST and, like a PRIHTYPE VECTOR, takes it in a contiguous chunk 
(appendh ll. 

[Nole: tine 10 an i111ple111c111a1ion rotriction (appendix I). PRIHTYPE STRINGs, BYTESes, LOCDs 
(chapter 12). and ohjccls on tl1e control stack (chapter 22) may !!.!!!. be elements of PRIHTYPE 
UVECTORs.] 

T he "same TYPE" restriction causes an equivalent restriction 10 apply to EVAL of the arguments to 
either of !hr SUORs UVECTOR or IUVECTOR. Norr that atternpting to say 

1 ( 1 .A! ) 

will ~ause REAO 10 prodnce an error, since you're attempting to put a FORH and a FIX Into the same 
UVECTOR . On the other hand, 

<UVEC TOR I .A> 

is legal. and will EV/IL to the appropriatr UVECTOR without error if .A EVALs 10 a TYPE FIX. 

T he following SUBRs work on PRIHTYPE UVECTORs alone. 

7.6.5.1. UTYPE [I] 

<UTYl'E primlrpe-uvector> 

iunifor111 type") tl'aluates 10 the TYPE of every element in its argument. Example: 

<UTYPE '![A B C]>S 
ATOH 

7.6.4 • 7.6.5.1 Structured Objects 
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7.6.5.2. CHUIYrC [I] 

<CHUTYPE uv:prtmlype·uveclor type> 

("change unifonn type") changes the UTYPE of uv to type, simultaneously changing the TYPE of all 
elements of uv. and returns the new, changed, uv. This works only when the PRIHTYPE of the 
t'lemcnH of "" can remain the same lhrough 1he whole procedure. (Exception: a uv of UTYPE LOSE 
can br CllUTYrEd 10 any ffpe (legal in a UVECTOR of cour$e~ lhe re$ulling elements are "empty", as 
for GROW.) 

CHUTYPE accually change~ uv: hence all references to that object will reflect the change. This is 
quite diffrrrnt from ClllYrE. 

Examples: 

<SET LOST <IUVECTOR Z>>S 
1 (il0Sf •000000000000• #LOSE •OOOOOOOOOOOO•!] 
<UTYPE .LOST>$ 
LOSE 
< Cl!UTYPE . LOST fORH>S 
'[<> <>!] 
.LOST 
![<> <>!] 
<CllUTYPE .LOST LIST>S 
'[() ()!] 
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7.6.6. STRING (the PRJHTYPE) and CllARACTER (I] 7.E 

The be~t mental image of a PRIHTYPE STRING is a PRIHTYPE UVECTOR of CHARACTERs - where 
CHARACTER is lhr MDL TYPE for a single ASCII character. The representation of a CHARACTER, by 
the way, i~ UN 

rr1 
! \~ny-ASCll·char act er [ II 

ac, 
That h. che charutrr< !\ (rxclamacion·poinl backslash) preceding 1 single ASCII character u~ 
repre~eu t the cnrrr,poudiug oh jrct of TYPE CHARACTER ( PRIHTYPE I/ORD). (The characters ! • 
(ucl~mation·pnint doublr·quote) preceding a character are also acctptable for inputting a 
CHARACTER, for his1orical rra~ou~.) 7.6 

The SUBR ISTR!llG will produce an trror if you give it an argument 1hat producu a non· A 
CHARACTER. S TR IllG can tale tit Im CHARACTERs or STRINGs. 36 

Thtrt art no SURRs which uniquely manipulate PRIHTYPE STRINGs, but some are particularly useful 
in connrcl ion with them: 

7.6.5.2 • 7.&.6 Structured Ob jecU 
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7.6.6.1. ASCII [I) 

<ASCII llY·or-ch~racler> 

I f irs arg11111e11r is of TYPE ffX, ASCII evaluatu to the CHARACTER with the 7-blt ASCII code of iu 
argu111e11r. Example: <ASCII 65> e"a lua1es 10 I \A. 

If ii\ argnmrnr i' of TYPE CllARACTER, ASCII evaluates to the F!Xed-poioot number which is its 
argumenl°s 7-bit ASCII code. Example: <llSCII ! \Z> evaluates to 90. 

[Actually. a FIX can be CllTYPEd 10 a CllARACTER (or vice versa) directly, but ASCII checks in the 
former l"a\e that lhe nx is wi1hi11 !he permiuible range.] 

7.6.6.2. PARSE (I) 

PARSE ap1>lirs ro iH arg11me11t REAO's algorithm for co11verting ASCII representations to MDL 
objecis ~11d rrroorns rite firn object crea1ed. The remai11der of siring, after the first object 
represen ted. i.\ ignored. rp,di" (op1ional, te11 by drfaull) is used for converting any FIXes that occur. 
(See abo sec1ions 15.7.2 aood 17.1.3 for additional arguments.] 

7.6.6.3. LPARS[ [I) 

LPARSE ("lisr parse") is exac1ly lif..e PARSE (above~ txcept that it parses the~ siring and returns a 
LIST of all objrc1s crraled. If gil·en an empty STRING or one containing only separaiors, LPARSE 
returns an r111p1y LIST, wlorrras PARSE gets an error. 

7.6.6.4 UNPARSE [I) 

<Utlf>ARS[ M» ra<:flx:fiir> 

UNPARSE applies 10 its argnmenr PRINT's algorirh111 for converting MDL objects to ASCII 
reprcse111a1in11s aooil returns a STRING which contains !lie CHARAC TERs PRINT would have typed out. 
(llowc"cr. this STRlliG will !!2! conrain any of the gratuitous carriage-returns PRINT adds to 
acconrmodate a CflAtnlEL's finite line.wldrh (section 11.2.8).J radix (optional, ten by default) is 
used for <'nn1·ening any FIXes 1hat occur. 

7.6.7. 8YTES 

A ( PRIHTYl'E J BYTES is a string of uniformly-sized bytes. The bytes c.tn be any $ile between 1 and 
36 bits inch,.ivr. A BYTES is similar in some ways to a UVECTOR of FIXes and in $Ome ways to a 
STRING of 11on-~e1·e11-bir bytes. The elements of a BYTES are always of TYPE FIX. 

7.6.6.1 • 7.6.7 St ructured Objects 
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The SUBR• BYTES and !BYTES are similar 10 STRHlG and !STRING, re•pectively. except that each of 
the formrr 1akrs a fint arg11men1 giving !he size of 1he bytes in the generated BYTES. BYTES take• 
one rNJliif'rd aq;u111r111 which is a FIX specifying a byte size and any numbtr of PRIHTYPE WORD5. 
It re1ur11s nn nhjrc1 of TYPE BYTF.S wi1h that byte size containing the objects as elements. These 
objects will lie f1UOBrd wilh rhe appropriate mask of I-bits 10 fit in the byte size. !BYTES takes two 
rrquirrd r lXrs and CJnr optional argument. It uses the first FIX to specify the byte size and the 
second 10 'l'rdfy 1hr n11mbrr of clrmrn1s. The third argument is repeatedly evaluated to generate 
FIXes that brn>me elemen1s C1f the BYTES (if it is omitted, bytts filled with zeros are generated). The 
analog to UTYPE is BYTE-SIZE. Examplo: 

<BYTES 3 <+ 2 2> 9 -l>S 
'31417) 
<SET A O>S 
0 
<JRYTES 3 9 '<SET A <+ .A l>>>S 
,3 11 2 3 4 5 6 7 0 I) 
<IBYTES 3 4>~ 
,3(0000} 
<BYTE-SIZE <BYTES l>>S 
I 

7.6.8. TEMPLATE 

A TEHPLATE is similar 10 a PL/I "structure" of one level: the elements are packed together and 
reduced 111 size to ~ave Storage spacr. while an auxiliary internal data structure describes the 
pading fnr111a1and1hr rlrmenlS' real TYPEs (appendix I). The lnterprettr itself is not able to create 
objects of PRIMlYPE TEMPLATE (Lebling. 1979~ however, ii can apply the standard built-in 
Subroutinrs to thrm. wilh lhe same ,rrccts as with other "arrays". 

7.7. SEGtlEtH.s [I) 

Objecu Clf TYPE SlG11ENT (whnse TYPEPRJH is LIST) look very much like FORtls. SEGHENTs, however, 
undergo a 11n1Mta11dnd t1•al11a1io11 designed to ease the construction of structured objects from 
elemcnh of other structured objects. 

7.7.1. Reprew111atiC111 [I) 

The rq>rese11u1ion nf an objrcl of TYPE SEGMENT is the following: 

'< func •rg-1 •rp.·2 . . . Atg·N !> 

7.6.7 • 7.7.1 Structured Objects 
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where thr 'eC'ond 
1 

(rxclamation-point) is optional, and lune and arg- J through •r1-N are any legal 
cons1i111tnl5 nf • fORH (1ha1 i~. anything). The pointed brackeu can be Implicit, as in t he period 
and co111111a 11ota1io11 for LV/\L and GVAL. 

All of thr following are SEGMENT$: 

!<3 .FOO> !.FOO !,FOO 

7.7.2. Evaluation {I) 

A SEGHENl is r,·aluarrd in exactly lhe ume manner as a FORM, with the following t hrte exceptions: 

(I) II hari loetlrr be dour imirir an EVAL of a structure; otherwise an error occurs. (Ste special 
c-asr of FORM_' in 5ec-tion 7.7.S.) 

(21 It had lirtler EVAL to a 5truc1ured object; otherwise an error occurs. 

(3) What actually gcts insrrtrd Into the structure being built are the elements of the structure 
returned hy t he FORM-like evaluation. 

7.7.3. Examples [I) 

<SEl ZOP '![2 3 4)>S 
![2 3 4!) 

<SEl ARF CB 3 4)>S 
( B 3 4) 
( . ARF ! . ZOP) S 
((834)23 4 ) 
1r 1 .zor !<REST .ARF>!]S 
![23434') 

<SETS "STRUNG .•>s 
"STRUNG.• 
( ! . s )$ 

( ! \S ! \ T ! \R ! \U ! \N ! \G I\. ) 

<SET NIL ( )>S 
() 
(! . NIL]S 
[] 

7.7.1 • 7.7.S Structured Objects 
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7.7.4. Nott' nn Efficirucy [I) 

Most of lht ('•ses in whid1 it is possiblt to use SEGHENh require EVAL to gentrate an entire new 
object . Naturally. this usrs up bo1h storage and time. However, lhtre ls one case which it is 
po~siblr 10 h•111Hr without ('npyi11g. and EVAL uses it. When the struciure being built is a PRIHTYPE 
LIST, •nd lhf •rgment '"•hit of a PRIHTYPE LIST is the last (rightmost) element being concatenated, 
that last PR 111TYPE UST is not copied. This case is similar to COllS and is the principle reason why 
PRIHTYPE LISTs have their Slructures more easily varied than PRIHTYPE VECTOR or UVECTOR. 

Example.: 

.ARFS 
(8 3 4) 

Thb does 1101 copy ARF: 

TMK do: 

(I 2 ! .ARf)S 
(12834) 

(l ! .ARf Z) ;•not last eletnent•s 
(I B 3 4 2) 
[I z ! .ARf) ; •not PRIHTYPE usr•s 
[12834] 
(l z !.ARF !<REST '(I)>) ;•still not last ele11ent•s 
(I z 8 3 4) 

Note lhP following. which occurs because copying does not take place: 

<SET DOG (A ! .ARF)>S 
(A 6 3 4) 
<PUl .ARF 1 •eowow•>s 
( •0011011• 3 4) 
.DOGS 
(A •so11011• 3 4) 

<PUT .DOG 3 "llOOF">S 
(A "8011011" "llOOF• 4) 
.ARfS 
1•no11011• •11oor• 4) 

Sinn• llRF '' 3, not cnpi«I, it was lilerally part of DOG. Hence. when an element of ARF was changed, 
DOG "~s changed. Similuly. when an element of DOG which ARF shared wu changed, ARF was 
changed loo. 

7.7.4 Structured Objects 
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?.7.5. SEGHENh ill FORM• [lj 

?W When a SEGMENT apprars as a11 eleme11t of a FORM, the effect is approximately the same as if the 
b elelllents or EVAL or the SEGMLNT were in the FORK. Example: 

PE 
ed, <SET A '! [l 2 3 4]>$ 
hy ! [ l 2 3 4 ! ] 

<+ ! . A 5>$ 
ls 

!Cts 

Note: rhr rlcmrurs of the .structure segment-evaluated in a FORM are not re-evaluated if the thing 
being applkd i• a SURR. Thm if .A were (I 2 <+ 3 4> 5), the above example would produee an 
error: you <'.111°1 add up FORMs. 

You could perform the sa111e summa1ion of 5 and the elements of A by using 

<EVAL <CHlYPE (+ ! .A 5) FORM>> 

(Note I hat EVAL musl be C)(plicitly called as a SUBR; if it were oot so called, you would just get the 
FORM <+ l 2 3 4 5> - no1 its ·value·.) However, the latter is more expensive both in time and in 
storage: when you nse 1he SEGMENT directly in the FORH, a new FORK is, in fact, !l2!. generated as it is 
in the falter case. (The elements are put on "the co11trol stack· with the other arguments.) 

7.8. Self-refrrcnci11g S1ructures 

It is possihle for a s1ructured object to "contain" itself, cilher as a subset or as an element, as an 
ele111e111 of a s1rnc111red element, etc. Such an object cannot be PRINTed, because recursion begins 
and never ter111i11a1cs. Warning: if you try the examples in this section with a live MDL, be sure 
you know how 10 11se AS (section 1.2) to save PRINT from endless agony. (Certain constructs with 
AT011s can give PRINT similar trouble: see chapters 12 and 15.) 

7.8.1. Sclf-subscl 

<PUTREST head:primlype-lis/ lail:primlype-lisl> 

If head is a subset of t11J, 1hat is. if <REST tail fix> is the same object as <REST head O> for some fix, 
then both he~d anti iai/ will be "circular (and thus self-referencing) after the PUTREST. Example: 

<SET WALTZ (1 2 3l>S 
(1 2 3) 

<PUTREST <REST .WALTZ 2) .WALTZ>S 
(3 I Z 3 I 2 3 I Z 3 l Z 3 

7.7.5 • 7.8.1 Structured Objects 
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7.8.2. Srlf-elrmrnc 

<PUT s I :structured f ix s2:sfrucfured> 

If sl is chr '~111P objrcl as s2. thrn it will "contain" itself (and thus be self-referencing) after th' 
PUT. Examplrs: 

<SET S <LIST I 2 3)) 
(I 2 3) 

<rur .s 3 .s>s 
(1?.(12(12(12 ... 
<SET t:J ![![])>S 
! [I [ ! )! ) 
<PIH .U I .U>S 
![![![![![![ ... 

;•or VECTOR"S 

Tl'st your rraclion time or your lerminal'• bracht·maker. Arnau your friends. 

7.8.2 Structured Ob jecl$ 
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Chapter 8. Truth 

8.1. Truth Valurt> ( ll 

MDL rept<''t'llt.' .. fal~e'" \Vilh an obj<"ct of a particular TYPE: TYPE FALSE (unsurprisingly). TYPE 
FALS E i~ ~tru<'tUrt'd: it!. PRIMTYPE i~ LIST. Thus. you can give rea$ons or excuses. by making them 
cJt"n1en1~ of n FALSE . (Agaiu. EVALlng a. FALSE neilhcr cop its. it nor EVAL& its t>le1nents .• so it is not 
nC!Oe..\>.sary to QUOTE a FALSE .:lppe;1ring in a progra1n.) Objects of TYPE FALSE are repre.$ented in -._ 
not at ion": 

!IF ALSE ltsl -o/-;rs-elements 

The en1p1y FORM evaluatf'S to thf' f'1np1y FALSE: 

< >$ 
# FAl.SE () 

Anything \vhic:h i.s not FALSE. is. rea~nabJy enough. true. In this document the ""data type- false-
or- any in n1c 1asyntactic variables. 01eans that the only significant attribute of the object in that 
context is. wh('tl1eor it~ TYPE i.s FALSE or not. 

8.2. PrE"dic:tlf'S [l] 

There are nuutrrou$ f\tDL F/SlJBRs '"hich can rf'lurn a FALSE or a true.. See appendix 2 to find 
rhe1n all. f\f osl rt"t11rn either I FALSE () or the ATOH wilh PNAME T. (The latter i$ for historical 
reason$. na111Ply 1 .i~p (Moon. 1974).) Some predicates. which are 1neaningful now are desc,ribed next. 

8.2.l. Arirhnicric [I] 

< 0? l ix-or-110111 > 

ev.atuate.s to T only if its argu1nent i.s idenlically equal to O or 0 .0. 

8 - 8.2.1 Truth 
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< 1? t;x-or-float> 

evaluat"~ TOT only if it.s arg111nent is identically eriual to l or 1.0. 

<G? n:lh~ -or -f/0;1f n?:'fh<-Or-floal> 

evaluatt",\ ro T only if 11 i.s nlgebraically greater than rn. L=? is the Boolean complement of 6?; tha t 
is. it i-5 T only if n l.s. not algf"br:.ically grea1er than m. 

< l? n:f;::r-or-llO;tl m:li1t-or-floift) 

evaluatc.s to T only if n ts alg-c-braically le,s.s than m. Ga? is the Boolean complement of L?. 

8 .2.2. £f}uali1y ~nd J\ttotnbf"r~h ip [I] 

<•=? eJ :any e2:Jtny> 

ev.alu=-t".\ to T only if cl i-5 lhe- !!!..!!!S object as s2 (appendix J). Two objects that look the $ame 
when PRINTcd n1ay not be ==?. T\"0 FlX~s of the san1e ·val.ue• are •the same object•; ao are two 
FLOAT~ of t-xactly the .5atnc "'v:.luc... En1pty object$ or PR11'1TYPE L.IST (and no other structured 
PRIHTYPE) ::\rt" ==?if lhrir TY PE$ are the $OIH'te. Exa1nple: 

(::? <SET X "RANDOM STRING" > <TDP <REST .X 6>>>S 
T 
<==? .X "RANDOM STRING">S 
#FALSE() 

N==? is tht" Boolean co111pl('1Hcn1 of aG?. 

<=? t'Jl:11ny e2:any> 

evaluates to T if cl :.nd e2 h;tve che s:i1ne TYPE and ar~- $truc'lurally equal - that is. they ·1oolc the 
.sa111e'". tht"ir print<"d repre$e111a1ion$ arr 1he sa111c. s? is much slowt"r than::?. c-? .5houJd be u5ed 
only \Vht"n its cl1:'\rac1cri.)tic:~ ttrl' 11ece~.sary: they are uot in any co1npari,ons of unstructured objects. 
.==?and .c? .--f\.,•ay~ l'('lur u the .)ante value fol' FIXes. FLOATs, ATONs. etc. ('Mne1nonical.Jy. =='1 tests for 
.. •nore t"f'joalily .. 1h:111 :?; in fact. it trsts for .actual physical identity.) 

Exantplc. lllu ... 1ra1i11g non-copying of a SEGMENT h1 Dil'ect Repre.sentation of a LIST: 

<Stl A ' ( I 2 3 )>$ 

( I z 3) 
<==? .A (!.A)>:!. 
T 

<==-? . /\ <SET B <LISI ! .A>»S 

8.2.1 - 8.2.2 Truth 
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-rALSE () 
<=? .A .B>J; 
T 

N=? i s lhll! J\oolC"au cn111rl<"1ncn1 of=?. 

<MEMBER ob1c<l:any structured> 
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run~ do\\•n ~:tru<lorcd rrn111 first ro l>1$1 elenu~nr, co1nparlng each elc1nent of structured with ob/t1ct. 
I f it finds :.u C"iPn1ent of slrvct ur-cd 'vliich i$ =? ro object. it returns <REST structurod i> (which i$ of 
TYPE <PRTf1TYP[ struclvrcd>). \Vhere the (i•l)th ele1nent of structured is =? to object. That is. th~ 
firs.t <-l<"tnrnt of \vhat it returns i$ 1hc f.!.m clc1ucn1 of sfructurttd I hat i$ ~1 to objoct. 

Jf no ~le1ue111 of slrueturcd i.s. ~ 1 ro object. MEHBER returns I FALSE (). 

The .s-carch is 111or(' cfficicn1 if structured is of PRIHTYPE VECTOR (or UVECTOR. if pOS$ibJe) than if it 
i.s of PRTMfYPE LIST. A,. t1$ual. Jf structvrM is consta nt, it should be QUOTEd. 

I f oOjoet And :;l r'ut:lured are- of PRIHTYPE STRING (or BYTES], HEHBER does a .substring search. 
Exa1nple: 

<MEMBER "PART" "SUM OF PARTS">S 
"PARTS" 

<MEMQ objret:~ny !;fructvrcd> ( .. n1r111ber C')Uie:k00

) is. e>eactly the same a$ HEMBER. except that the 
co1npari$011 1e&t is. == 7. 

<STRCOMr $} s2> 

( .. $tring con1p:iri.!i-on") ca11 IJe s-ivC"n either t\YO STRING..s or t\vo ATOMs as argunients. In the latter ca~ 
the f"NAHC-s :tr<' 11~'~.'d, 11 aclu:\lly 1&1\'1 a predica1c, since it can return three po.ssibJe vaJue.s: O if sl is 
=? tn s2 1 f f s/ s.or1s afphabc1ically af1cr $2: and -1 if sJ sorts. alphabeticaJJy before s2. 
00

Alphabe1ic:llly" 1ne:tn-S. in this c:tse. according to the nun1eric order of ASCII. with the standard 
a lphaOetizing r-ule.s.. 

[A predicalt> .sui1ablC" (nr 30 a&ccnding SORT (which $f't) i$ <G? <STRCot1P .ARGl .A.RGZ> O>.) 

8 .2.3. Bool<•n Opor•tnr., [I) 

<NOT c;fal!=c-or-:.ny> 

evalua1es. to T only if e evaluates to .a FALSE. and to IFALSE ()otherwise. 

<ANO el e2 ••• cN> 

8.2.2 • 8.2.3 Tru th 
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ANO i.s an r-suBR . 11 t"\' :tlu=-rc$ its ;llrgu1nents fro1n fir.st to last a.s they appear in the FORM. A$ .s.oon 
as one of the1n t-V:llu:i1e~ to a FALSE, it return$ that FALSE, ignoring any remaining arguments. If 
none of 1hc:1n t>vaJuatc 10 FALSE. it rt1urn5 EVAL of its h15l argun1ent. <AND> returns T. AND? i.s. the 
SUBR efJuiv:tlt"ut to ANO, that is. all its. argu1ncnt.s are evaluated before any of the1n i$ tested .. 

<OR el o2 ••• eN> 

OR i$ an rsunR. Ji C'V;lJuatt~ it.\ argunu!1us fro1n fir.s1 to Jast a.s they appear in the FORM. As soon 
as one Cl( lhe111 t"\''lh1.-1c:~ to a non.FALSE. OR returns that non·FALSE value. Ignoring any re1naining 
argu1ne11t~. If lhi~ Ut'\'f"r occurs. It rf'turns the last FALSE its.aw. <OR> returns #FALSE (). OR? l.$ 
th~ SUOR cquivalc-111 10 OR. 

8.2.4. Ol.ljoc1 Proporii•• (I] 

< TYrE 7 ""Y l}·pe- J ••• lype•N> 

evaluate.~ 10 f y pe-1 only Jf <==? lypc~i <TYPE any>> Is true. It i.5 faster and give.s 1nore jnformation 
than ORing- tc-,ts fnr raclt TYPE. If 1he te.5t fails for alJ lyJH!1- i5. TYPE? returns #FALSE (). 

<llPPLICl\BLE 7 e> 

ev:.aluatc.s to l only if o i.s of a TYPE that c.an Jt>gally be appHed to arguments in a FORM. that ls. be 
(EVAL of) thl" first cfcn1('nt of a FORM being evalu<11ed (append ix 3). 

<HONAD? <>> 

evalu::.t<".s rn IFAL $F. () only if NTH and REST (with non.zero second argument) can be pef'formed on 
its argu111t>nt \vitho111 errc:tr. An un~tructured or ernpty structured object will caus~ H.ONAO? to return 
T. 

<S1RUCTURED7 ~> 

eva1uate.5 to T only if t;t is a .siructurW object. It j,5 not the inv erse of HONAO?. since each returns T 
if i ts ;argun1cnt 1 .. 0111 ctnpty .structure. 

< EP1PTY '? slruclurttd> 

evaluat<'~ It) i 011ty f-f it.5o argunt<'nl, which tnus.t b~ a ~tructured object, has no elements. 

< LE~~GTH? slrv<fvrcd l1x> 

cvaluarc&- to <LCNGTll !:lruclured> only if that is. Jes$ than or ~qual to fix; otherwise. it evaluates to 
#FALSE (). f\tnc1no11ica.Uy. you c.:tn tliink of the fir.5t two letters of LENGYH? ._.signifying th~ .. Jess 
lhan or equal to" ~eu~e of the te.5-t. 

8.2.S • 8.2.4 T rutJt 
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T h is SUBR \Y3S iuve-nted to use on li$t5. becau~ MDL can determine their lengths only by stepping 
a.Jong tht" J i~c. cou111iug the- eJen1e11t.s. I f a p rogra111 needs to know only how the length compares 
w i th a s-ivcn n11n1bcr. LENGTH? will tell without n eceuarily stepp ing all the way to the end of the 
list. i n coutra&t to LENGTH. 

[I f structured i& a circular PRIHTYPE LIST. LENGTH? will r eturn a value. whereas LENGTH will execute 
forever. To sec if you can do <REST structured<+ l fix>> without error. do the le$t <NOT <LENGTH? 
.structvred liK>>.) 

8.S. CONO [I] 

The MDL Subroutine \Yhieh is 111ost used for varying evaluation depending on a truth value is the 
FSUBR CONO ( .. condirionaf'). A call to CONO has t h is format: 

< CONO c'fsvse- J ;li:;t • • • clause-N;li$.f) 

wher e N i.s at lea!)t one. 

CONO al,vay.s r<>turn.s the result of the!!!!. evaluation it perform5. The following rules determine the 
order of evaluation.\ ptrfor1ned. 

( I) Evaluate rhe first ~•e•nenl of each clause (from first to last) until either a non.FALSE object 
r e.sull.s or the clauses are exhaulited. 

(2) If a non·FALSE object is found in (1), hntnedia tely evaluate the tttnalning elements (if any) 
o f that clau~ and ignore any rern aining clau.ses. 

In other \Vord\. CONO goc.s \valking dO\YU its clauses, EVAUng the fir$t ele1nent of ea ch c.Jause, lookin g 
for a non-F'ALSE re-suit. A5 50011 a.s it finds a non-FALSE. it f orgets about all the other cla u.se.s a nd 
evaJuate.s. in order. 1he other eJentenr.s of the current clau~ and returns the last thing i t evaluate.s.. 
If it c an't find a non-FALSE. it r eturns the l ast FALSE it saw. 

8 .3.1. Exampl~s [ I ] 

<SET F ' (l )>$ 
( I ) 

<CONO (<EHPTY? . F> EHP) (<I? <LENGTH .F>> ONE)>$ 
ONE 
<SET F ( )>$ 
() 

<COND (<EMPTY? .F> EMP) (<l? <LENGTH . F>> ONE)>$ 
EHP 

8.2.4 . 8.U T ruth 
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<SET F '(l 2 3)>$ 
(l 2 3) 
<COND (<EHPTY? .F> EHP) (<17 <LENGTH .F>> ONE)>$ 
"FALSE () 
<COND (<LENGTH? .F 2> SHALL) (816))$ 
816 

<DEFINE FACT (N) 

FACT 

<COHO (<O? .N> 
(ELSE <• 

<FACT S>$ 
120 

. 8.4. ShOS"lcUt$. \Yilh Conditionals 

8.4.l. AND and OR a> Shorr COHO. 

:•the standard recursive factorial• 
l) 

.N <FACT <- .N 1>>>)>)$ 

Since ANO and OR are FSU8R.s. Chey can be uK'd as ntiniature CONOs. A construct of the form 

<ANO pre- cond;t;ons actlon(s)> 

<OR prt!r-cxclvsio/'?$ action(s)> 

will allo'v ;tcfion($) to be evaluated only if all the- pre-t:onditlons are true or only if all the pre
l!!lxclu$iOn$ are f:tl~. re;e.pectively. By nesting and using bo1h ANO and OR. fairly powerful COD$trucU 
can be 1nade. Of eour$t". if xlion(s) are lnore than one thing. you must be careful that none but the 
Ja$t return• faJ~e or true'. rcspcctively. \\'atch out e,specially for TERPRI (chapter 11). ExatnpJes.: 

<ANO <ASSIGNED? FLAG> .FLAG <FCN .ARG» 

applies FCN only if 601ueone el~ ha$ SET FLAG to true. (ASSIGNED? Is true if its argument ATOM has, 
an LVAL.) No crrnr can occur in the testing of FLAG becauK of the order of evaluation. 

(ANO <SET C <OPEN "READ" "A FILE">> (LOAD .C> <CLOSE .C>> 

effectively FLOADs 1he- file (chapter 11) without the po$sibility of getting an error if the file cannot 
be oprned. 

8.3.1 - 8.·U Truth 
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8.4.2. E 111 bl"ddcd U ncoudi 1 ion a l.s 

One of Iii<" rli,.:1dvan1agl".s of CONO i.s that there i.s no .straightforward way to do things 
uncondirionally in IJet,..,een re.sis. One \Yay around this proble1n i.s to Insert a dummy clause that 
never ~HCC<"C't..ls. l>t'C:\ll'-C it.s ouly LIST ~le1nent ls an ANO that returns a FALSE for·the te5t. Exa1npJe: 

<CONO (<07 .N> <FO .N>) 
(<I? .N) <Fl .N>) 
((ANO <SET N <• 2 CFIX (/ .N 2>>>> 

<») 
:•Round .N down to even number.• 

(<LENGTH? . VEC .N> •[ )) 
(T CREST .VEC <• I .N>>J> 

A vari:irio11 i\ ro 111:tkt" th(' l:t.~t ArJO argunu:nt into the test for the CONO clauU'. (That is, the third 
and fo11r11i clnu'r' in lh<" above E"X>tn•ple can be cornbined.) Of cours.e. you n1ust be careful that no 
other ANO arg1.11nC'11t t"YaJuatC'~ ro a FALSE; u1o~t Subroutines do not return a FALSE without a very 
good r<'a~nn rnr ir. (A notable csc.C'ption i.s. TERPRI {which see).) Even safer is to use PROG (.sec'lion 
10. 1) in.of.lend nf /\NO . 

A nofh<"r v.i:riat i('n i~ 10 i11crl'a!-C' fire ne~ting \'lith a ne\Y COND afler the unconditional part. At least 
this uietllnd dnr.$- 11n1 1113kc 1hc C·Odc appC'ar to a huanan rc.ader a.s though it does so1nething other 
than '"""'E it rf'ally dne.s. The above exa1uple could be done this way: 

<CONO (<07 .N> CFO .N>) 
((I? .N> <Fl .N)) 
(T 

<SET N <• 2 <FIX <I .N 2>>>> 
<COllO (<LENGTH? .VEC .N> '()) 

(T CREST .VEC C+ I .N>>l>J> 

8A.2 Truth 



78 The MDL Programming Language 

Chapter 9. Functions 

This c-h:lpter C'onltl hr n:.1u('d "fun and ga1nes \Vifh argun1ent LISTs· . J t$ purpose is to explain the 
111nrt> C"'Otupli(':tlf!d 1liiug~ '"hi<"h ('an Lt done ,,.•ith FUNCTIONs • .-nd this involve.s. basie:aJly, explaining 
all the- varinu., tof..C'n'- \\'hieh can appear in the argtunent LIST of a FUNCTION. Topict- are covered 
in \Yhlll i:!o apprn:'\hu"tc:'ly an nrcirr of incrca.s.ing co1uplcxity. This order has little to do with the 
order in \\' hich f"l.ru., can actually appear in an argu1nent LIST. so what an argument LIST .. Jooks 
like ... o,·c.·r.:-.11 &c:i-. r:ttht•r fl')~I iu 1he ~huffle. To alleviate this problen1, section 9.9 is a sun11nary of 
everything 1h:it <":lU go into an arguuu.•nt LIST. in the correct order. If you find yourself getting 
lost. pJt'a'\t" r<'f<'r 1n rhal sun1111ary. 

9.1. •orTIOtlAL" ill 

MOL prqvide ... ' "<'ry c«:'u\·E'n ient 111e;.11.& for allo\ving optional argu1nents. The STRING "OPTIONAL• 
(or "OPT" •• 1h<')'

0

r't" 101:.IJy t"C')Uf\'alc:-n1) in 1hc argu111tnt LIST allows the specification of optional 
:irgu1n('nl' "·irh val11r~ to he a:-..signcd by default. The syntax of the •OPTIONAL• part of the 
argun1e111 LIST i ,, <'t- foJ10,v:1o: 

"OPTJOUAL • Al· J #l-2 ••• sl-N 

First, 1hcre i~ ilu· STRJt~G "OPTIONAL .. , Then there is any number of either ATO~ or t\vo--ele1nent 
LIST~. iHll'l'tuiS<"<.L <'11~ per optional argauncnt. The first eleanent of each two-ele1nent LIST 1nust be 
au ATOM: thi' ;, the chu11111y v~ri:tblc. The .second ele1nenl i..s an arbitrary MDL e xpression. If there 
a re req U i r't'd :t rg 11 IUt'lt I,,., t ht"J tn u.st co1nc bcf ore chc •OPT 10HA1. • • 

When EVAL is, bint..li 11 g thf' \":trial>lf'.\ of a FUNCTION and ~tt5 •OPTIONAL•. the folJowing happen.s-: 

If au rsplic-t1 ;irs11111C" 111 \\"'' gi,·C'11 in 1hc position of an optional one. the explicit argument is 
bflttnd 1n tit• C"('lfr'P'-pOtuJlng du11uny ATOM. 

If lh<"rf" j,,. no cxplicii :trg'u1nC"1H and the ATOM $-tands :.lone. that is. it is not the first e1e1nent of 
a t\Vl"l·t·lr1n<"nT LISl, 111"1 ATOM b<-co1nc,\. .. bound", but no local value is assigned to it [see below}. 
A loc:tl value can be assigur<.J lo it by U.$ing SET. 

9 - 9.1 Function . .s 
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If there ic, no cxplicil arguauent and the ATOH is the fir$l ele1nent of a two-.element LIST. the 
J\.10L <-Xpr<".s$.inn in 1hc LIST \vi1h the ATOH is evaluated and bound to the ATOM. 

[Unlit au ATOM i~ :\ -,.-,.ignt"d. any at1e1npt 10 reft"rence its LVAL will produce an error. The pr~dlcate 
SUBR$ BOUUO ? :tnd ASSIGrJ CO ? c:.11 bt U$ed to chccSc for $UCh situatiOO$. BOUND? return$ T if it.5 
argu1nc 111 i.s <"t1rrC'u1ty bound via an argunu~nt LIST or has ever been SET while not bound via an 
:a1"gt11UC'1tt LIST . Tlie laltC'r ki11cl C'f binding i$ C'.allcd '"top·level binding ... becaus.e it is. done outside 
all act iv<' ar!! U11'<'111· l..IST binding. ASSIGNED? \viJI return #FALSE () if its argu1nent is either 
unas,ig:nc:d 2.!:. 1111bo u11d. By the w::1;y. there are t\o/O predicates for global value..s silnilar to BOUND? 
~nd l\SSJ GNED?. nan1cly CBOUNO? and GASSIGNED?. Each returns T only if its argument, which (as 
in BOUr~O? :tnd f\SSlGNEO?) tnu&t he an ATOM, has, a global value ·slot• {chapter 22) or a global value, 
respecc ivc-ly .] 

Exan1plc:-: 

<DEF irlE INCi (A "OPTIONAL• (N I)) <SET .A(+ •• A .N»>S 
!NC I 
<SET B O>S. 
0 
<INCi B>S> 

<INCi 8 5>S. 
6 

Herc \VC dcfinC'd another (not qui1c \'o'Orking) incre1nent FUNCTION. It now takes an optional 
arguntent s pec ifying: lio\v 1n11ch to increnu~nt the ATOH it is given. If not given, the increment is 1. 
No,v. l i~ a pre11y silnpfe ~tDL t-:<pre!i..s.ion: there is no reason why the optional argument cannot be 
con11>lica1ed •• for ~xantplc. a call to a FUNCTION which reads a file on an 1/0 device. 

9 .2. TUPLE• 

9.2.1. •TUPLE• and TUPLE (the TYPE) (I] 

Tht"rc nrc also 1i1n<-s \Yht:n you \Yant tQ be abl~ to have an arbitrary nu1nber of argu1nents. You can 
always do lhi~ hy de-fining lhf" F'UNCTION as having a structure as, its argu1ne.nt. with the arbitrary 
nu1nber nf argu1nt>nls ~s. ele1ueu1.s of the $fructure-. This can. however. lead to ineJegant•JooJcing 
FORMs :-tnd extra i:a.rbagtt co be collected. The STRING "TUPLE• appearing in the argument LIST 
.allows you to ;ivoicl lh::tl . It nuast follO\Y expJicjt and optional du1nmy arguments (if there are any 
of C'ither) a.nd utust be followed by an ATOM . 

The effect of • r uPL(" appearing in an argu111e-nt LIST is the foUowing: any arguments left in the 

9.1 - 9.2.1 Function• 



80 The MDL Progratnming Language 

FORM .. afrcr .5-ati.\fying explicit and optional argun1ent$. are EVAL..rd and 1nade 5equential eJen1ents of 
an objccT or TYPC .::tnd PRIHTYPE TUPLE. The TUPLE i.s then bound to the ATOM following. •TUPLE• 
in rh~ argu1ne11t LIST. I( there \vere uo a rgu1nent.s left by the thne the '"TUPLE• was reached. an 
entpty TUPLE i.\ bound to thto ATOH .. 

An objr-cr of TYI•E TUPLE i$ exac1ly rhe 5a111e as a VECTOR except that a TUPLE Is not held in 
garbage·collec.~rt>d ~IC'rage» If i$ in.stt>ad he-Id with ATOH bindings in a control .s1acJc. This does not 
affect utauipulatiou of rhe TUPLE \Vilhin lhe function generating it or any function c.alled within 
that one: ii can l>c 1rca1cd ju~t likc a VECTOR. Note, however. that a TUPLE ceases to exist \vhen the 
functi'>n \vlti ('ft r:rnrr.i1ed ir return$. Returning a TUPLE as a value is a good way to generate an 
~rror. (1\ C('lpy or a TUPLE ca11 r-asily bf' generated by se-gmenl-evafuatjng the TUPLE into something; 
th.at copy can br re1ur11C'd.) The predica1e LEGAL? returns #FALSE () if it is given a TUPLE 
gcner.arcd by .au APl"LICABLE object \vldch lia.s already returned. and T if it is given a TUPLE which is 
still "gon<l". 

Exantple: 

<DEFINE NTllARG (N "TUPLE" T) 

;"Get all but first argumen t 1nto T.• 
<COHO (<==? 1 .N> I) 

:"Ir N is 1. return lst arg. i.e .•. N. 
1 . e • • 1. Note that <l? .N> would be 
true even ir .N wore 1.0. • 

(<l.? <LENGTH • r> <SET N <· .N l»> 
#FALSE ("DUMMY")) 

:•Check to see 1r there is an Nth arg, 
and make N a good index into T wh11e 
you're at it. 
l< there isn't an Nth arg. compla1n.• 

(ELSE <N TH .T .N>J>> 

NTHARG, abov(', ral('~ :111y uu1nbc-r of argun1ents. Jts first argument tnu.it be of TYPE FIX. It 
return:> E"VAL of it\ N1h ;trgu111cnt. if it has an Nth argutnenr. If it doesn't, It return$ #FALSE 
("DUMMY '•). (The FLSE is 11ot Absohuely nC"ces.sary in the la.st clau.se. If the Nth argument js a 
FALSE, 1he CONO \lfiJI rernro thac FALSE.) Exerci.s-e for the rttader: NTHARG will generate an error if 
its first arg11111t"1tt i~ 1101 FIX. \\'here aud \Vhy? (How about <NTHARG 1.5 2 3> ?) Fjx it. 

9.2.2. TUPLE (lh~ SUBR) nnd !TUPLE 

These." $UTlRt- arc the t-anu.• a \ VECTOR and !VECTOR, except that they build TUPLEs (that is. vectors on 
the coutr<ll .'>r:ack). Th<'y can ht" u~ctl only at top JeveJ in an •OPTIONAL• Ii.st or •AUX" list (see 
belo\o,.'), The clrar :ulv:u1tage of TUPLE a11d ITUPLE {'"hnpticit tuple1 is in storage.1nanagcment 
effic;iC'ncy. They produce no g:t: rbage, .since they are fJu$hed automaticaJly upon function return. 

9.2.1 - 9.2.2 
Functions 
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Exant1>IC'.'!-: 

<DEFINE F (AB "AUX" (C (!TUPLE 10 3>)) ..• > 

c r e a tes a 10-clc1ncu1 TUPLE and SET.s C to it. 

<DEFINE H ("OPTIONAL" (A <ITUPLE 10 '<I>>) 
"AUX" (B <TUPLE I .A l 2 3>)) 
..• > 
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The~• are valid U5.(I'~ or TUPLE and ITUPLE. • lowever. the following is .!!!!!. a valid use o f TUPLE. 
b eca it5.f' it i&. nnt calletl al top level of the •Aux•: 

<DEFINE NO (A 6 "AUX" (C <REST <TUPLE !.A>>)) . . . ) 

H o wever. the desired rffcct could bf! achieved by 

<DEFINE OK (AB "AUX" (D <TUPLE !.A>) (C <REST .D>)) ... > 

9.3. "AUX" Cl] 

"AUX" (or "EXTRA., ·- tltC'y're totally l'quivalenl) are- STRINGs which. placed in an acgu1nent LIST. 
st'rve to dyn.a1nic.i.lly =-lloe.a1c rcn1por.ary v.-riables for the use of a Function. 

"AUX ,. u1u~1 <'ppe:tr iu the argu1nent LIST after any infor1natio11 about explicit argu1nents. It i s 
folfo\\"Cd by ATOM~ or l\vo-t"IC'111en1 LlSTs as if it \Yere "OPTIONAL". ATOMs in the two-element LISTs 
are bound ro (VAL of the &c-cond cJcntcnt in the LIST. Atoms not in such LISTs are i n itial ly 
una 5..sigued: 1hey are <'Xf>licitJy given .. no"" LVAL. 

Ail bindin~ ,:.pc;-cifiC'd ill an argu1ncnt LIST is done seque111ially fro1n first to last. so ini tialization 
exprC.\$ion~ for "AUX"' (or "OPTIONAL") can refer to objcct.s which have just bttn b ound. For 
exa 111ple. rh ts 'vork!o: 

<DEFINE AUXEX ("TUPLE" T 
"AUX" (A <LENGTH .T>) (8 <• Z .A>)) 

![.A .B]>S 
AUXEX 
<AUXEX Z "FOO" >S 
! (3 G!] 

9.2.2 - 9.3 F unct io n • 
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9 .4. QUOTEd ~rgunt<'ll1'-

I f an ATOM in :in :l rguult'1'1 LIST \vhich i$ to be bou nd to a requi red or optio nal argument i s 
surroundrtJ lJy a co.ll lo QUOTE. that ATOM i" bound to the unevalua ted a rgument. Example: 

<OEFrn F. Q2 (A 'Bl (.A . B)>S 
02 
<QZ <+ 1 2> <+ I Z>>S 
(3 <+1 2 >) 

It i$ 1101 ofl~n .;·q>p r-n1')rinlt"" for a function 10 take i ts. arguntent.s unevaluated, because such a practice 
1na~ t".\ il I<-.. ~ 111 0Uul1\r ant.I ha rdC'r to 111ai111ain: it and the progra1n s that call it tend to need to know 
tnort" ~bo111 C'n c:h n1l1cr. aud a ch:u1g C' i n il.s argu1nent structure would tend to requi re 1nore chang es 
in the prng:rn1n.s thnt c :ill it . And. ~incf' ft,v fuoctions. in practice. do take unevalua ted argu1n ents. 
user s tend 10 n~.,u1111!' thal no funct ions do (except FSUBR.s of course), and confusion inev itab ly 
re.s.ul t$. 

9 .S. "ARGS• 

The iudic.;'ltor 11ARGS" C'an app('ar iu an arg u n1ent LIS T with preci$ely the satne syntax as •TUPLE". 
Ho,vever. "J\RGS"' cauSt>5. the ATOM follo,ving it to be bound to a LIST of the remaining u n eva lua ted 
argu111('111.s. 

"ARGS" doe.s. 1101 c:au.c.e any copying to take place. It )hnply givu you 

<REST ~ppl1c afion:lorm Ii>.·> 

'" i th an !'lppropriare fix. The 1YP£ change to LIST i.s. a result of thf!' REST. Since the LIST share s 
all it$ e h.•nlc11 L\. \Vilh lhe original FORK. PUTs into the LIST wiU change the calling program . 
however <.langC'rnu.s tltal 111ay be. 

E x an•ple .s.: 

<DEFI NE QlT (N "ARGS" L) <.N .L>>S 
orr 
<O I T Z <+ 3 4> <LENGTH ,QALL> FOO>S 
<LEllGlll ,Q/\LL> 

<OEF rn r, FUNCTI ( " /\RGS " ARGL·AND·BODY) 
<CHlYPE . /\RGL-AND- BODY FUNCTION> >S 

FUN CTI 
<f-UNCTI (A 6) (+ . A .(l»S 
•FUNCTION ((A 8) <+ . A .B>l 

9.4 • 9.5 Functions 
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The last exa111plc i$ a (l<"rfectly valid equivalent of the FSUBR FUNCTION. 

9.6. "CALL" 

The i11dica1or "CALL•• i$ an ulthna1e •ARGS•. lf il appear$ in an arguinent LIST. it 1nust be 
follo,vcd by :lll ATOM and 11111$1 be 1Ju: onJy thing U$ed to gather argu1ne11tJ. "CALL" causes the ATOM 
which foJIO,v!. it to h<'co1n<" bound to rhe actual FORH lhat is being evaluated - that is., you get the 
.. function <":-tlf .. ir!>eJf. Since "CALL" bind.s to the FORH it.Jeff. and not~ copy. PUTs into that FORH will 
change thf!' calling cot.Je. 

"CALL" exi~1.s a & a C:trch·22 for argu111ent 111anipulation. If you can't 
0

do it with •cALL•. it can't be 
done. 

9.7. EVAL :t_l.!d "BlNO"' 

Obraining •n1cval11atc-d arg11uu!n1s. for cxa1nple, via QUOTE and "AR&S•. very often hnplies that you 
\vish to e\·ah1.--1c tht"t11 at $01ne poi nl. You can do rhis by explicitly calling EVAL. which is a SUBR. 
E>can1ple: 

<SET F '(+ I Z>>S 
(+ 1 2 > 
<EVllL .F>S 
3 

EVAL c:tn r~k<" a "'ecnnd ;irguntent. or TYPE ENVIRONHENT (or others. see section 20.8). An 
ENVlRONNEr-lT en11$i!.I~ b:t$icaHy of a &late of ATOM bindings: it is the ·world .. mentioned in chapter 5. 
No'"· ~incc bi11ding ch;;lngc.s 1lie ENVIRONMENT, if you wish to use EVAL within a FUNCTION. you 
probably \Vant to S-<"f hold of chc cnvirontncnt which e"isted ~ that FUNCTION"s binding took 
plac~. Thto indic~tnr "6JND"'. '"'hich nlu$t, if Ir j$ used. be the first thing in a n argun1ent LIST. 
provide.$ thL~ i11for111 a tio11 . lr bind~ the ATOM inuuediateoJy foJJowing ii ro the ENVIRONMENT e>cisting 
.. at call litn<" .. - that i~. ju~f bC"fore any binding is done for its FUNCTION. ExampJe: 

<SET A O>S 
0 

<OEFrne WRONG ( 'B "AUX· (A l)) <EVAL .B»S 
WRONG 
<WRONG .A>S 
I 

<DEFINE RIGHT ("BIND" E 'B "AUX" (A l)) <EVAL .B .E>>S 
RIGllT 

9.5 - 9.7 Functions 
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<RIGflT .A>S 
0 

Th• MDL Programming Language 

9.7.J. l ... nc:tl V::thlC"' \'<"r'u" FNVJRONMENTs 

SET, LVAL, VALllE . BOUflO?, ASSIGfl(O?, and UNASSIGN all tak• a final Optional argument which 
ha$ not prrvinu,ly ht"c-H 111C'nlioncd: an ENVIRONMENT (or other TYPE.$>, see section 20.8). If this 
argunt("ut i~ gi\'rn. lh<" SET or LVAL is done in the ENVIRONHENT specified. LVAL cannot be: 
abbreviated Uy . (period) if it i$ givt>n an t-Xplicit $econd arguntent. 

This ff':tt urc i& j u st '"h:tr i.s nccdt'd to cure che INC bug 1nentioned In chapter 5. A ·correct• INC can 
b~ defined a ,s, folJn,v.c;: 

<OUINE INC ( •orno• OUTER ATH) 
<SET .AIH <• 1 <LVAL .ATH . OUTER>> .OUTER>> 

9.8. AC TI VII 1 !Of~ "N/\MI:". "ACT". AGAIN. •11d RETURN [I) 

EVALuatinn or a fUUC TION. after th(' ;trgu111e-nt LIST ha$ been taken e~re of. normaJly consi5t$ of 
EVALua.ting <"ach er th<" ol>jc:ct$ in thC' body in the order given, and returning the value of the- ,last 
thiug ( VAi rri. f f ynu n •aur to var-y rlli$ St''JUC'Utt-, you need to know. at Jea$t, where the FUNCTION 
begin.\, A<'tually . EV/\L uor111 a 1Jy ha~u't lhP foggie.st idea of where its current FUNCTION began . 
"'Where'd I start"' i11fQr111a1iou i.s. bundled up \vieh a TYPE called ACTIVATION. In .. noranat• FUNCTION 
EVALuatinn . /\.CTIVATIOU\. arc nor generated: 011e c.an be generated. aind bound to an ATOM. i n either 
o f" the t\vo f<>llo,11ing ,.,.;ly.s: 

(1) Put an f\TOM iuuuediately before the argunu~nt LIST. The ACTIVATION of the Function will 
be bound to ll1at /\TOM. 

(2) As. lht" Ja~t 11iing in the ars-•nn ent LIST, insert either of the STRINGS •NAME• or • ACT• and 
folJO\V it wi1h au ATOM. The ATOM will be bound to the ACTIVATION of the Function. 

In thi.s docun1c111 "'Function" (capiraliz<'d) will de.s.ignate anything that can generate an ACTIVATION ; 
be.$,ide$ TYPE F'UNCrlON , lhi~ cl::t:S.$, include~ the FSUBR.s PROG. SINO, and REPEAT. y e t to be 
d i.S.CU6~('d. 

E;ach ACTJVAilOU rc-ftr., explici1ly to a particular evaluation of a Function . For example . i f a 
recur.s.i,·e FUNCT 10" geut-ra res an ACTIVATION. a new ACTIVATION referring explicitly to each 
recur~ion .s..tC'p i$ generated o n t\'ery recursion. 

Like TUPLE.5.. ACrIVATlON.s ar~ held in :a control $lack. Unlike TUPLEs, there i$ .!.!.!:?. way to g e t a copy 

9.7. 9.8 F unctions 
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of an ACTIVATION \vhiC'h can usefully be re-turned a$ a value. (This Is a con~uence of the fact that 
ACTIVATIOt~s r~fer lO e,·alua1ion$i when the evaluation is finished, the ACTIVATION no longer ex ists.) 
ACTIVATION• can be tc.ied, like TUPLES. by LEGAL? for legality. They are u•ed by the SU8Ro AGAIN 
and RETURN . 

AGAIN can take one art;u1111?n1: an ACTIVATION. It 1neans .. $tart doing this again ... where '"this· is 
specified by 1he ACTIVATION. Specifically. AGAIN cause. EVAL to return to whore It started working 
on the bcu-ty or tht' Function in the evaluation specif{~ by the ACTIVATION. The evaluation is not 
redone co1npJetely: in par1icular. uo re-binding (of arguments. •Aux• variables. etc.) is done. 

RETURN can take 1u10 argu111c-nts: an arbitrary expression and an ACTIVATION, in that order. It 
eau$e-S th~ Function evaluation \Yliose ACTIVATION it is gJven to terminate and return EVAL of 
RETURN'$ fir$t ~rg11n1f'n1 . That is. RETURN n1eans '"CJuit doing thi5 and return that•. where '"this· is. the 
ACTIVATION·- its. ~ccond argu1nenl ...... and •that• is the expression ...... its first .argument. Example: 

<DEFINE HY+ ("TUPLE" T "AUX" (H 0) "NAllE" NH) 
<COND C<EHPTY? .T> <RETURN ·" _NH> )> 
<SETH<+ .H <l .T>>> 
<SETT <REST .T>> 
<AGAIN . NH»$ 

HY+ 
<HY+ l 3 <LENGTH "FOO">>S 
7 
<HY+>S 
0 

Note: suppn~t" :tiU ACTIVATION of one f"unction (call it Fl) is pass.ed to another Function (caJI it F2) -
for ex;an1ple. via ;an ap1>lica1ion or F2 within Fl with Fl~s ACTIVATION as an argument. If F2 
RETURN$ 10 F l".s. ACTIVATION, FZ ru!.!! Fl ter1ninate Jtn1nediately. and Fl returns the. RETURN•s first 
argu1nen1. This lcchnique i~ suitable for error exits. AGAIN can clearly puJI a s.in1iJar trick. Jn the 
following cxa111pJc. F 1 con1putcs 1hc $Ul1l of F2 applied to e.ach of its arguments: F2 computes t.he. 
produc( of '"" elenu~uts of il$ strucrured argun1ent. but it aborr5 if it finds an element that is JlOt a 
11umb~r. 

<DEFINE Fl ACT ("TUPLE" T ·Aux• (Tl .T)) 

Fl 

<COND (<NOT <EHPTY? -Tl>> 
<PUT .Tl l <F2 <I .Tl> -ACT>> 
<SET Tl <REST -Tl>> 
<AGAIN .ACT>) 

(ELSE<+ ! .T>)>>S 
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<DEFINE F2 (S A "AUX" (Sl .S)) 
<REPEAT HY-ACT ((PRO l)) 

<CONO (<NOT <EHPTY? .Sl>> 

FZ 

<CONO (<NOT <TYPE? <l .Sl> FIX FLOAT>> 
<RETURN #FALSE ("NOll-NUIUIER") ,A>) 

(ELSE <SET PRO <* .PRO <l .Sl>>>)> 
<SET Sl <REST .Sl>>) 

(ELSE <RETURN .PRO>)>>>S 

<Fl '(l Z) '(3 4)>$ 
14 
<Fl '(T Z) '(3 4)>$ 
... FALSE ( "NON-NUH8ER") 

9.9. Argun1l'nl Li$I Sun1111ary 

The follo,ving is. a li$ting of ;all th e- various token.s. which can appur in the argument LIST of a 
FUNCTION. in 1he l)rdcr in which they can occur. Short descriptions of their effects are included.. 
AU of 1hcn1 arc optional -- 1hat i~. any of the1n (in any posjtion) can be left out or included - but 
the order in 'vhich 1hey appcar n1ust be that of this. lis.t. ""QUOTEd ATC>tt9. •matclting objf?Ct•. and "'2-
li$t"" arlf." definc-d belO\Y. 

(I) "BIND" 
1nus.t beo foJIO\V~ by 211 ATOM . It binds that ATott to the ENVIRONMENT which existed 
when lhe FUNCTION wa.s applitd. 

(2) ATOMs and OUOTEd ATOMs (any numbor) 
are re'luirll!'d argu1ne-nts. QUOTEd ATOK.s are bound to thr matching object. ATOM.s .are 
bound to EVAL of lhe 111atching object in th.e ENV1RONMEMT exi$ting when the FUNCTION 
wa$ applied. 

(3) "OPTIONAL• or ""OPl • (they·re e-quiv.al~ut) 
i.s follO\YCd by a11y nu111ber of ATOfb.. QUOTEd ATOtb.. or 2-li.sts. These are optional 
argun1cnt$, If -. 1ua1ching object cxi.sts. an ATOH - either standing- 2lonr or th~ first 
~le1ncn1 of a 2-li.st - i.s bound to EVAL of the object. performed in the ENVIRONHENT 
exi.sting \vhen the FUNCTION wu appliftl.. A QUOTEd ATOH - alone or in a 2-Jist - is 
bound 10 the 1na1ching object itself. If no $.UCh object exi.sts. ATOMs and QUOTEd ATOM.$. 
;\t<" left unbound. and the fir$t cle1nent of each 2-li•t ls bound to EVAL of the 
corre.$.ponding .s~ond rlr1nrn1. (Thl.s EVAL i5 done in the new ENVIRONMENT of the 
Function as. it i.s being construct~.) 
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(4) "ARGS• (and 11<>1 "TUPLE") 
1uu~1 be fnl lo,Ycd l>y an ATOM. The ATOt1 is bound to a LIST of !!! the re1naining 
:trg11 111r111~. unt"\'otlu;itcd. (If there arc no 1nore a rgu1nents, the LIST i$ entpty.) This 
LIST i> •~luolly a REST of the FORM applying th• FUNCTION. If "ARGS" appear~ in the 
argu111t.·1u LIST . • ruPLE" shouJd not appear. 

(4) "TUPLE"' (:tnrl ~t!!!. "J\RGS") 
11111~1 be foll(nved by a.11 ATOM. The ATOM is. bound to a TUPLE (''VECTOR on the contr ol 
~13<"~ '") c-f all 1h~ re111aiu ing argu111r1us.. evaluated in the environment e x isting when the 
rUNCTlOU '"a~ applied. (If no argu111t'nt~ rc1nain. the TUPLE is e1npty.) If •TUPLE• 
:i.pprar~ in t h e :.ri;u1ut>1t1 LIST. • ARGS" 5hould not appear. 

( 5) "AUX" or .. EXTRA '' (1 hc-y'rc <''1t1i\0 alC'1t1) 
1,. fnlln\\'C'd hy "'"Y 1u11ubcr of ATOMs or 2·1ists. Thes.e are auxiliary variables. bound 
;a'"' ::iy rrn111 1he prE'\'iou.s cnv ironn1cnt for 1he: us.e of this Function. ATOMs are bound in 
lhC' EUVIROUMENl of the- Function, but they are unas.signed: the flr.$-l eJe1nent of each 2 ... 
li$1 i~ 1Jo1h bound and a~signed to EVAL of 1he corresponding second elt-rnent. (This 
EVAL i.s done: in the nc'v ENVIRONMENT of the Function as it is being constructed.) 

(6) ''NAM E '' or "ACT" ( they're t'f1UiV:\le111) 
1uu:s.1 be: follo,vcd by an Arorit . The ATOH is bound to the ACTIVATION of the c u rren t 
("valuacin11 nf the Function. 

ALSO ..... in pl<'CC' of ~('cl ions (2) (3) aud (4), you can h a ve 

(2-3°4) "CllLI." 

'"' lti<-h HHl$f hr rouo,.,.cO by au ATOH. The ATOM j5 bound to the FORM which caused 
nµpJication of this FUNCTION . 

Tht" s.p"cia I '"rut~ o ~ed :lbove naf":l n 1 his: 

'"OUOTt:;d ATOM" •• a , ,.,,.o. rlc-1ncnr FORM \Yhos.e fir$>t clcn1ent is the ATOM QUOTE. and whose second 
elenlett1 i.s i\ny ATOM. (C:ln bC' l)'ll<"d -- and \viii be PRINTed -·as '•tom . ) 

"Matchiug (1IJj<'ct" ... thf\t clc1ne111 of a FORM whos.e position in the FORM n1atches the posi t-ion of a 
r cquir<"<l or np1inn."lJ arg11111cnt in an argun1e 111 UST. 

"2·1i~t" - :. ''"' n°elen1<-111 ,LTST \vhC'l~e fir5t elc-111eu1 is an ATOM (or QUOTEd ATOM; see belo,..,) and whose 
second C'l<'IHl'.'HI can he any1hi11g but a SEGMEttr. EVAL of the second eJe1nent is as.signed t o a new 
binding of 1hc fir~I cJC'1uC'nl (l h<" ATOM) a.s the .. va lu~ by defaul1" in "OPTIONAL• or the "initiaJ value• 
in "AUX ... Jn the- <':t\C' of "0P1 IONAL". the (ir5t clc1ncnt of a ~·li5l can be a OUOTEd ATOM; in this 
C-:1$e, an :trg111a1c-111 h·llic:li is s.upplied is not EVALe-d. but if it is not supplied the second ele1nent of 
the LIST!.!. EVAL('d and ~s.signed to the ATOM. 

9.9 Functions 
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!l.10. APPLY [I] 

Occ;t.\inn:.IJy 1hf'r<" ior. a valid r-ea5oon for lltP fir$1 eJe1nent of a FORM not to be an ATOM. For exa 1nple. 
the objC"<"1 IQ bl(" ::lf)f>lir-d 19 arg11u1t>nts 1nay bt cho$en at run tilne. or it 1nay depend on the 
arg11n1cn1.,. in ~QntC' \\>'ay. While EVAL Is pcrft"ctly happy in thi5 ca.se to E,VALuate 1he first e1e1nent 
and go on rrnnt rhrN". 1hc c-nntpilt'r (Lcbling, 1979) can generate u1ore efficient code if it knows 
'"ltether the rt"'"'' or the c,·al11ation \viii (I) ahvay.s be of TYPE FIX, (2) always be an applicable non· 
FIX objc<'t 11ia1 ("valuale\ ::tll ir.s argutnc-urs. or (3) neither. The easiest way to tell the co1npiler if (1) 
or (2) is. true i.r. ft) 11 ~(' the AiOH UTll C.\C'Clion 7.1.2) or POT (section 7.1.4) in ca$e (l) or APPLY in ca5e (2) 
a.s th" fir.sl rl<?1nc>111 nf the IORM. {Notto: ca\C!' (I) can co1npile into in·Jine code. but case (2) co1npiles 
into a full)' 1ntdialt"d call i111n rhe incerprl"ter.) 

<APPLY Object ;:,rs, .. J ••• ars-N> 

e ·v:iln:ites. ob;c-cl :\11d all thc.o ifrs-is and then applit.s the for1ner to all the latter. An error occurs if 
obj~ct ev.-fuate.-. 1n sn111e1hi11g not applicable. ot to an FSUBR, or to a FUNCTION (or user Subrout ine -
cl1aptcr I!)) wi1h .. ARGS" or '"CALL• or QUOTEd argu1nents. 

Exa1npJt>: 

<APrLY <NTll .ANALYlERS 
<LENGTH <HEHQ <TYPE .ARG> .ARGTYPES>>> 

.ARG> 

calls. a function to an~Jyi.e .ARG. Which function is called depends on the TYPE of the argument; 
rhi.s. repre!-enrs. rhc- ht<"a or" dispatch table. 

9.11. CLOSURE 

<CLOSURE functlon al a.N> 

where- fuflctlon is a FUNCTTON. aud al through aN are any nu1nber of ATOKs. returns an object of 
TYPE CLOSURE. This. can b<" applif'd like any olhf'r func1ion, but. whenever it is applied, the ATOK.s 
givC'n in the c~ll In CLOSURE are first bc:11n1d to the VALUEs they had when the CLOSURE w a s 
g~ner:ttc-d. I hen thC' lune/ ion is .-ppliC'd as nornaaJ. This is a '"poor man's funarg". 

A CLOSURE i$ tt.~eful .\vhen a FUNCTION Ultl$I have- stale information reme1nbered betwttn calls to it. 
espcci~lly in thc~c ''"n C":t5-<"s: \vhcn lhc LVAU. of external state ATOMs 1night be co1npromlsed by other 
pmgrant!-. or '\vhcn n1c:-re fhan ooe c.Ji~tinct sequence of calls are active concurrently. Example of the 
J:itter: f';t<'h objrct Q( n ~lructured NEWTYPE 111ight have an associated CLOSURE that cough.s up one 
eJetu~nt at " ti1ne. re1ue1ubt'ri11g betwt'en call$ how far it got. Often only one ATOM will be Included 
in the CLOSURE. \vitl1 a value in the CLOSURE that is a structure containing all the relevant 
infor111a1 ion. 

9.10 - 9.11 Functions 
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Chapter 10. Looping 

10.1. PROG ~11<1 RF.:PfllT [l] 

PROG :and REPEAT ~re:- ahnos1 ide111ic.al FSUSR.5 which 1nake it pouible to vary the order of EVALuation 
arbitrarily·· 1hat i.5. 10 have "'j1nnps-. The .5yntax of PROG ('"prograin"") is 

<PROG iJ(/Uf(Otn lfVJt.':list body) 

whcr~ 

act i~ an op1innal /\TOt1. \'lhich i.5 bound to rhe ACTIVATION of the PROG. 

1tvx i~ a LIST \\'lii~h looks <'x~clly like that part of a FUNCTION'$ argument LIST which follow• 
ao "'l\UX", and :r.erv<':!. PXac1ly 1he sarnc purpo.5e. Jt is not optional. If you need no tempot'ary 
variable~ or "ACT'", n~a'-e it (). 

bOdy i s. a non.z.cro nu1nbC"r of arbilr.ary l'ofDL expres.sion$. 

The .syurax or REPEAT i.5 ideauica.I. excfpt that. of courff. REPEAT is the fir$t element of t he FORH. 
noc PROG. 

10.1.1. Oa$iC EVALun1io11 (I) 

Upon ("ntrring a f'AOG, <ln ACTIVATION is ah~ay~ generated. If there is an ATOH in the right place. 
the l\CTJVAI JON i.f. :.l~o l>n1111d to rha1 ATOM. The variables in the aux (if any) a rc then bound as 
indicar('d in lht"' ~v~. All of lite e-xpre~sion.5 in bOdyare then EVALuated in their order of occurrence. 
If nothing 11nto\1.1artJ happcn.5. you leave rhe PROG upon evaluati ng che last expre.5sion in body. 
returning tht> \':tlllf' of that la~r expression. 

PROG thn.) pro\'ide.-s a \vay ro package 1ogether a G'roup of things you wish to do. in a somewhat morl! 
li1nirc<.1 \'l:ty 1 hau can be done with a FUNCTION . But PROG.s are generally used for their other 
propf'rt ies.. 

10 - 10.1.l Looping 
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REPEAT acts in all \vays exacrly like- a PROG who.se fa$t expression is <AGAIN>. The only way to leave 
a REPEAT i.> to explici1ly UM> RETURN (or GO with a TAG - Stt;tion 10.4). 

10.1.2. AGl\rN and RETURN in PROG and REPEAT [I) 

\Vithin ;a PROG nr RCrEAT. you alway$ have a defined ACTIVATION, wheth er you bind it to an ATOM 
or not. [111 f:tc 1 lhC" intC'rprC"l<"r bind.~ ii to 1he ATOH LPROG\ ! - INTERRUPTS \last PROG'"). The FSUBR 
BIND is identical to PROG excc:-pt that BIND does not bind that ATOM, so that AGAIN and RETURN w i th 
no ACT t VATION argln11en1 wiJI not refer to it. This feature could be UKful wjthin MACROs.) 

If AGAIN i.s ll'<'ri '"ith no argun1t"nts. it u6.es lht: ACTIVATION of the c1oKst .surrounding PROG Or 
REPEAT \vith in 1ht' <"lll'rf"nt f11n('1ion (an error occur$ if the.re is none-) and re-$tarts the PROG or 
REPEAT ~11~11~ ;ebi;°,ding the ~v" variables. just the way it worlcs in a FUNCTION. With an 
argn1ncnt. it Co:lll of conr"f' re-start any Function (PROG or REPEAT or FUNCTION) within which it is 
ern beddrd a I ru u I hue. 

As \Yith AGAitol. if RETURfi i$ gi\'Cll 110 ACTIVATION arguanent. it U$e:S the ACTIVATION of the closest 
surrounding PROG or RErEAT \\'ilhin the c.urrent function and cau.s.e.s that PROG or REPEAT to 
ter1uin31e ;nd re-turn RETURN's fir~t arguf11f'1\t. I f RETURN is, given ~ argum~nts.. it caU.J.e$ the 
clo$e$t ~urroundiug PROG or REPEAT to return the ATOH T. Also lilce AGAIN. it can. with an 
ACTIVATION arguu1rn1. ter1ninate any Function within which it is embedded at r un time. 

10.1.3. Example• (I] 

Exa1nplr~ nr 1hr 11\C' of PROG are diCCicult to f ind. $ill« it is almost never n~H.Sary, and it $lows 
do,11/n the iutl'rprf'I~< (chapt<'r 2·1). PROG can be U$efut as a point of ttturn from the middle: of a 
conlputat ion. or iU.$ide a COHO (,vhich !.ff'). but we won't exen1plify the$e uses.. Instead. what follows 
is an exa111ple of a 1ypically poor us.e of PROG which has been ob~ed a1nong Li$p (Moon, 1974) 
progr;:t1n1nrr' using ~tOL. Th<"n. th<" .sa111c thing is done using REPEAT . In both cases. the example 
FUNCl ION ju~I add$ up all its argu1ue.nts and returns the .5um. (The SUBR 60 ls disc.uued in section 
10.4.) 

;"'Li:i;p stylP. • 
<DEFINE HY+ ("TUPLE" TUP) 

<PROG (SUH) 
<SET SUH O> 

LP <COND (<EHPTY? . TUP> <RETURN .SUH>)> 
<SE T SUM<+ .SUK <I . TUP>>> 
<SET TUP <REST .TUP>> 
<GO LP»> 

10.1.1 • 10.1.3 Looping 
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;"MOL style" 
<DEFINE MY+ ("TUPLE" TUP) 

<REPEAT ((SUM 0)) 
<COND ((E11PTY? • TUP> <RETURN .SUH>)> 
<SET SUM<+ .SUM <l .TUP>> 
<SET TUP <REST .TUP>>>> 

Of cont.)<". n<"ilht>r of the above i$ opthnal MDL code for this proble1n, .since MY+ can b~ wrjtt~n 
us.ing SEGMENT e,·aluation a~ 

< OEF JUE MY+ (•TUPLE• TUP) (+ I . TUP» 

There ar<'. <-f cour~l". fol~ of probJe1U$ \Vhich can't be handled so simply. and lots of uses for REPEAT. 

10.2. MArF :\lid MAPR: lla.ic• [I] 

MAPF ( .. 111:.p fir~1·1 ;uu1 HAPR (''1nap re$l .. ) art> t\vo SUBR.s \vhich take care of a 1najority of ca.ses which 
require )('li('lip~ o,·er d;tila. Th~ basic idea is tht" follo,ving: 

Suppose you ha,·c- a LIST (or nth~r $fructurc) of data, and you want to apply a particular function 
to each E'l<>n1t"1tt . Thar i.s exactly \vhat HAPF doe$: you give it tht" function and the .structure. and Jt 
applie~ th~ function 10 each cle1neur of the $lructure, .starting with the first. 

On the . ntht'r hnnri. "'"Pf'OSt' ynu \\'ant to chaugt each ete1nent of a structure according to a 
particular nlgorilh111. Tlai.io ca11 be dont' ouly with great pain using HAPF 1 $ince you don•t have ea..sy 
accc:''>5. 10 tl1c ilr!.'£.t..!1.!!. i11\itle the function: you have only the $tructure•s ele1nents. HAPR $Olve-s the 
probte1n hy :tpplyi11g a function 10 REST.s of a structure-: first to <REST structure O>. then to 
<REST ~lr uelurr> 1 >. C'fc. Thu~. tht' function can change- the! structure by changing its argu1nent. 
for ex01.u1pfe. Uy :t <PU r ar1;u1nc11t 1 $Crncthfne>. ll can even PUT a ne'v ele1nent farther down the 
s.tructure. '''hich \viii Or .s<>e11 by the fuuction on .sub.sequent applications. 

Nu,.., "'u1>pn ... ~. in adrlition to :.pplyiug a function to a .structure. you want to record the results - the 
vafUt"'> rt:tu rned t.iy rhe fun('tion -· in another structure. Bolh HAPF and HAPR can do this: they both 
taJ..c an addilitut:tl function a~ an argu111enr. and, whe11 «he looping i.s over. apply «he additional 
function In ill lhC' rC'~ult-., ~nd th t'u rt'turn «he rC$Ult of that application. Thus. if the additional 
(unction i~ . LIST. )'C''Ht g<"I a LIST of the prtviou5 re5ults: if Jt is .VECTOR. you get a VECTOR of 
re$ult,s,: ere. 

Finnlly. if 111i~h1 he the ca~c: chat yon really want to loop a function over 1nore than one .structure 
&i1nult:anC"n11s.ly. f'nr 111\f:.ne:<'. COll$idcr creating: a LIST ,..,ho.se ele1nents are the ele1nent·by..element 
,s,un1 of th(' co 11t<'nC$ of f\VO other LISTs. Both MAPF and MAPR allow thisi you can. i n fact, give each 
of thl'n\ :any 11uu1bcr of ,s,tructurC'.s fulJ of argun1ent.s for your looping function. 

10.1.3 - 10.2 Looping 
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Thi$ '"'a.s all 1uC'11tioncd l)cc:tu~c MAPF and HAPR app~ar 10 be co1nplex when seen baldly. due to the 
fact 1liar th<' :1rg111nrnt clt'scriplions 1nust take into account the general ca$e. Sin1pler. degenerate 
c::a.se.s arc u~ually the 011e.s ust"d. 

10.2.L MAPF (I] 

<MAPF f1ni'lff loopf s I s2 ••• sN> 

where (ar1rr arg-u1nl"nl e\·alu.-1 iou) 

lln(llf is .!>~nll"lldng :l.J)plicablc- that evaluates all its argu111ents. or a FAlSE; 

loop! is !>n111<"rhi11~ :t(lp1icab1e to N argo1nents that evaluate.s all its argu1nent.s.: and 

sJ rh rough t:.N arc structured objccl$ (any TYPE) 

does lhl" fo)fo\viug: 

(1) Fir~t. it aftplic<i> loopi 10 N arg1unent.s: the fir.st eletnent of each of rhe structures. Then it 
RtSl~ r:.<h nf rhC' "rr11e111rcs, and docs the application again. Jooping until !.!!:t.Of the .structure$ 
run.s out or t-l('tnPnl~. Eac:h or rhe vahaP.s rel urned by loop! i.s recorded in a TUPLE. 

(2) ··rht'n. it applic-.~ r11~;1Jl 10 all the rrcordtd values silnultaneousJy. and return.s the re.suit of that 
applic::irion. Jr frr>.llf i.s"' FALSE. the rccordrd vaJue-.s are "'thro\vn :lWay" (actuaUy never recorde:d 
in the firfr. t 11l:tC't•) =-nd 1he MAPF return.sonly the last value returned by /oopf. If any of the sf 
.strut"turc~ is. <-aupty. ttf) 1hal loop/ is nev~r invoked, final/ is applied to !!.2 argumen1s; if llnalf i$ a 
FALSE. MAPF returns. #FALSE () . 

10.2.2. MAPR (I] 

< MAPR f l n11lf loop! s I s2 • • • sN> 

act$ ju.st like MAPF. but. instead of applying loopf 10 NTH.s of the structures - that is. <NTH s; l>. 
<NTH si 2>. ere..·- it a.pplic.s. it 10 RESTs of the s1ructure-5 - that i.s, <REST si O>. <REST si l>. etc. 

10.2.3. Example> (I] 

Mak~ the i-IPlllf"Hf•\\'i~e SlllH of ,,._,o LISTs:: 

<MAPF .LIST .+ '(l 2 3 4) '(10 II 12 13)>S 
(11 13 15 17) 

10.2 - 10.2.3 Looping 
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Changt" a UVf.CTOR to conr.-iu double its value$: 

<SET UV 'J(S 6 7 8 9]>S 
l(SG789!] 
<Hl\PR < > 

!(UI!] 
.UV$ 

#FUHCTION ((L) <PUT .L 1 <• <1 .L> 2>>) 
.UV)S 

![ID 1~ 14 16181] 

Create • S TRJliG from CHARACTER>: 

(Ml\PF ,STRING I ' ["MODELING" "DEVELOPMENT" "LIBRARY•])$ 
"MDL" 

Suul the ~'lu.-rC"~ of the eJt'111en1s of a UVECTOR: 

<MAPF ,+ •FUNCTIO~ ((N) <• .N .N>) '!(3 4)>S 
25 

A p;tr:tlt<"J a.s.~ig111ucnr FUNCTION (Note that the argu111ents: to HAPF are of differ~nt lengths.): 

<OEFl/lf PSET ("TUPLE" TUP) 

PSET 

( HAPF () 
,SET 
.TUP 
CREST . TUP <I <LENGTH .TUP> 2>>>>S 

<PSET A B C 1 2 3)$ 
3 
.l\S 
l 
.BS 
z 
.cs 
3 

93 

Note: it is t'a~y to r('lrgc1 lh:tt final! !!!.!!!!.. evaluate its argutnents. which precludes the use of an 
FSUBR. lt i$ pri111:trily ror this rPasou that the SUBR.s AND? and OR? were invented. A~ an example. 
the predicate-= 1 could have been defined this way: 

10.2.3 Looping 
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<OEFINE =? (A 8) 
<CONO (<HOllAO? .A> <==? .A . B>J 

(<ANO ( NOT <MONAD? .B>> 
<==? <TYPE .A) <TYPE .B>> 
<==? <LENGTH .A> <LENGTH . B>>> 

<HAPF .ANO? .=? .A . 8>)>> 

( B y the- \Vay. rhe- following sho\v.s how to construct a value that h a.$ the sa1ne TYPE as an a r gument.. 

<OEF IHE MAP • NOT (SJ 
<CO"O (<HEHO <PRlHTYPE .S> '!(LIST VECTOR UVECTOR S TRING]> 

<CHTYPE <HAPF ,<PRIHTYPE . S> , NOT . S> 
<TYPE . S»J» 

It worLs hccau~e lhe ATOM& that natne the co1nmon STRUCTURED PRIHTYPEs (LIST, VECTOR. 
UVECTOR and S TRING) ....... ,.. GVAu .... corre•pondlng SUBR> to build objects of those TYPEs.] 

10.!l.1. MAPR El 

MAPRET i~ :t SUBR 1ha1 c nablr.s the l oop! bciug u.s~d Jn a HAPR or HAPF (and lexically within it. that is. 
n ot .S<"J>aratcd frotn it hy a ft1nc1io11 call) to rccurn fron1 zero to any n.utnber of vaJue.s a.$ oppos.ed to 
just one. Fnr e:-<a111plP, .\uppo~e a MAPF of the following form is u1ed: 

<MAPF . LJST <FUNCTION (EJ • . • > ••• > 

NO\Y ~uppo.s(" that t he progr a1n1ntor \\.'ants to add no eJe1nent.s. to 1he final LIST on .some call .$ to the 
FUNCTION antJ a dd 111a11y 011 nlher calJs 10 i hc FUNC TION. To accon1plish this. the FUNCTION si1np ly 
calls MAPRE T \Vilh 1hc <-lc-n1r111 ~ ii \vant~ added to 1he LIST. More general-ly. HAPRET causes its 
argun1e11t~ t n hr nrlclrd to th e fin<'l TUl'LE or argu1ncnl$ to which the final! will be applied. 

Warni11g: MAf"'RE T i~ g uaran teed to work only if it i.5 caJled from an explicit FUNCTION which is t.he 
.st-cond ~rg 11111c111 1n a MAf'F or MAPR. lo othtr words. the .s-tcond argument to HAPF or MAPR 1n u .st be 
•FUNCTION ( . .. ) o r (FUllCTION . .. > if HAPRET is 10 be used. 

Exa 111pJc: the follo, .. •ing r~turn$ a LIST of all the ATOH.s in an OBLIST (chapter 15): 

<DEF INE ATOM~ (OR) 
<HAPF , UST 

<FUtlCTION (SKT) <HAPRET ! .SKT» 
. OS» 

10.2.3 • 10.3.J Looping 
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10.3.2. MAPS TOP 

HAPS TOP i~ lht" ~;\lllt' :l~ M/\PRET. t"Xcepl that. after adding its argu1nent5, if any. to the final TUPLE. 
it force\ th(' npplic:tt inn of fin;t/f 10 occur. whether or not the .structure-d objects have run out of 
elc1nc11ts. Esa111plt': •h<' folJowing copi<'s the first ten (or a.JI) elen1ent.s- of lt.s argu1nent into a LIST: 

<DEFINE F IRST - TEN (STRUC "AUX" (I 10)) 
CMAPF , LIST 

10.3.3. Nl\l'LEllVE 

<FUNCTION ( E) 

<COND (<O? <SET I <- .I I>>> (HAPSTOP .E>)> 
.E> 

. STRUC» 

HAPLEAV( i .... :.n:tln~ou.r. to RETURN. CXC'<'pt 1hat it wotk$ in (lexically within) HAPF or MAPR inl>tead of 
PROC or RE J"tl AT. If fltt\h<'~ tl1e ~ccu1nulated TUPLE of l'esults and returns its argu1nent (optional. T 
by tlcf:t11J1) :\~the ' ' nlue or the MAPF or MAPR. (ll finds th(' MAPF/R that should rerurn in the current 
binding of ch~ ATOM LMllP\ !-INTCRRUPTS ("last map-).) Example: the following finds and returns 
the firs.1 11on·1crn elc-111('nf of irs argutuent. or #FALSE () if there is none-: 

<DEFINE FlRST-NO (STRUC) 
CHAPF <> 

<FUNCTION (X) 
<COllO (<N::? .X O> <HAPLEAVE .X>)» 

.STRUC» 

10.3.4. Only l\VO arg11.-l1encs 

lf HAPF 01" MAl"R i\- givc:n nnly t\VO argu1nc11ls, the iteration function toopf is applied to no argu1nents 
each 1 in•C". and tl1 e lnnping continu('s ind<'finitcly uutil a MAPLE AVE or HAPS TOP is invoked. 
Ex.;111nple: th(" fn1Jo,vi11g rf"ll1rus a LIST of the integers fro1n one Jess than its argument to zero. 

<DEFINE LNUH (N) 
<HllPF , LIST 

<FUNCTIOll () 
<corm (<07 <SET ,~ <- . N I>» <HAPSTOP O>J 

(ELSE .N)>>» 

One principlf" O $ e or chi$ for-111 of P.tAPF/ R involves pro~.s.sing input characters. in ca.se-s where you 
don't J...110\v hn\v 111:u1y c h:tractC'rs are going to arrive. The exarnple below demonstrates this, us.ing 
SUBRs \vhic li ;lf<' 111orc fully <"AplainC'd in chapter II. Another exantpJe can be found in chapter 13. 

10.3.2 • 10.S.4 Looping 
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Exatnplt": fht" fn1IO\\'iug rUNCTION rt-Zlrl.$ character.s fron1 the current input channel until an S (ESC) 
is rf'3d. :tnd lhf'n re1ur11\ \'.•h:it \vas. r~ad as onr STRING. (The SUSR READCHR reads one character from 
the input <:hauuc.•I autJ rc1ur11$ it. NEXTCHR return!. the nexi CHARACTER which READCHR will return -
chapt~r 11.) 

<DEFINE ROS TR () 
<HAPF ,STRING 

<FUNCTION() <CONO (<NOT<==? <NEXTCHR> <ASCII 27>>> 
<READCHR>) 

(T 
<HAPSTOP>)»»S 

RDS TR 

<rROG () <REAOCHR> ;•Flush the ESC ending this input.• 
<RDS TR»$ 

ABCl23<+ 3 4>S•ABCJZ3<+ 3 4>• 

10.3.5. STACl:FORH 

The FSUBR 51 ACKFORM is ar('h:aic, du~ to hnprove1nents in Lhe itnplementation of MAPF/R. and it 
s hould uo1 IJe u~t>d i11 oe\~ progra.ans. 

<STACKFORH function i1r8 pred> 

is. exactly cq11iv;1ilcnt to 

<HArF lun, lion 
(FUflCTION () <CONO (prcd arc) (T <MAPSTOP>)»> 

In fact MAPF/R i' 111orc powerful. because MAPRET, HAPSTOP, and HAPLEAVE provide flexibility not 
available' \vith STACt.;fORH. 

10.4. GO n ncl T Aq 

GO i~ pro,•itlC'cJ in ~1DL ror pen1>le \vho can't recover fro1n a youthful experience with Basic. Fort.ran. 
rL/I. etc. ~fhC' ~UBR~ prc"iou,,,ly drscribcd in tld$ chapter are 1nuch tnore tasteful for 1naking good. 
clean. ·· . .,rrucrurC"d .. prns:ran1s.. GO ju.st bollixes thing5. 

GO i.s a SlJBR 'vhich allo\v~ you to brr~J.: lhe nor111al order of evaluation and re-start just befor~ any 
top-level C"Xprc-,.-'ion in a PROG or REPEAT. It cau take cwo TYPE5 or argument5: ATOM or TAG. 

J0.3.4 - 10.4 Looping 
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Given :111 ATOM. GO ~C':irches tlie l>Ody of thf' i 1n1t1<'diately surrounding PROG or REPEAT within the 
currcu1 Fu1u.~1 in11. c.ta r ri11g after aux. for au occurre11ct" of that ATOM at the top lt"vel of bOdy. (This 
~carclt ic. rffC'cl i ,•rly a MEMO. ) Ir ii doesn't find the ATOH. an error oecur.s. If it does. evaluation js; 
resu1u~d at lht' t> Xp rr ... ~iou fnllo,ving Cite ATOM . 

ThC' SUBR TAG ~c-nrr'atc.)> :uuJ rclurus objects. of TYPE TAG. Thi$ SUBR takes one argurnent: an ATOM 
whi c h \vo11Jd h<- .'1 IC'g:tl arE!11111C'nl for a. GO. An object of TYPE TAG contain.s .sufficient inforanation 
to allo\v }'('IU In GO 10 a11y 1op-ltY~J position in a PROG or REPEAT fron1 within any function called 
in.sic.JC> 1l1e PROG or REPE/\T. GO \v h h a TAG is vaguely Jike AGAIN with an ACTIVATION: it allows you 
ro .. go l>a c-l" to 1hr 111idtllc of any PROG or REPEAT \Vllich called you. Al.so like ACTIVATIONs. TAGs 
inco:. PROG C"l r RCrCAT c:n11 110 longC'r Uc us-cd aftt'r the PROG or REPEAT has- returned. LEGAL? can be 
use-d to ·'<''-" if a r l\G i.s ~rill v~lid. 

10.5. Lo~l~.t!!C: \·er~ll5o Re-cur.c.iou 

Sinc-e nuy prngr:11n in f\1 DL ca.11 be called recursively. ch.itupions of .. pure Lisp"' (~toon. 1974) or 
son1ir~11 <"h t11ny hC' CC'1uprc-d 10 hnplrni('nt .-ny repetitive algor itl11t1 u5ing recursion . The advantage 
of rhc lonpi11 g tr<""hui'1t•e!t clrot.c rihf"d in tlil.s chapter over recursion is that the." overhead of caJJs is 
elintin::ated . ... ,n,ve\' C"I". a loug progr;1:111 (say. l>iggt'r than half a printed page) may be inore difficult 
to \vritc itcr.-1 i vcly than rC"cursivcJy and heneC' ntore difficulr to 1naintain. A prograrn who.s.e 
repe-tition is <:ontrolJC'd by :i strucrurcd objC'ct (for C'Xa1npte, '\yalking a tree" to vi.sit each anonad in 
the objeci) of1en should use tooJling for covering one." .. Jt"veJ .. of the structure and r~cur.sion to change 
"JeveJs"'. 

10.4 - 10.5 Loopi n g 
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Chapter 11. Input/Output 

The 1'.1DL i nrerprPt('r <'an tran~anit infor1nation bt-twttn an obj~ct in MDL and an external device 
in three \Y:ty~. 1-<fi'i>tor ic::.Jly , the- fir$t \Yay \Y3$ to convert an object into a .string of character$.. or 
vice vcr-.a. ·rt.c 1r:in~for1n(alion i$ nc-arJy one-to.one (ahhough $Otne MOL objectt.. for exa1nple 
TUPLEs. c :.111101 h<" iopu1 io thi!. wa y) and i5 $in1ilar in style to Fortran•s for1natted 1/0. It is what 
READ and PRJNl do, and if i~ the nor1naJ 1nethod for ter1ninal 1/0. 

Tht! 4ecn11d 'vay i$ u._t"d fnr lhc co111ent$ of f\.t DL objcct5 rather than the obj~cts the1n5elve$. Here 
an i111:t g e nf uuaubc-t .s. or <"haract('rs. wilhin an object is tran.s1nitted. silnilar in !>tyle to Fortran's 
unfor1u:tltrd 1/0. 

The third \\.·~y i.s ro ~an objt-ct in a clever for1n:at so th:at it ~n be reproduced exactly when 
input the 11C"xt tilne. Exa c t r<'produclion n1cani that any sharing between structure.5 or self· 
reference is pr<'.\t..•rv ed: only thtt g2rbage collector itself can do 1/0 in this w2y. 

11 . l. Conver.-l!,91Ll_LQ 

All convC'r,ion-1 /0 SURR!. in ~1 DL ta Ice an optional argu1nent which direct5 their attention to a 
.specific 1/ 0 C'hnnnrl. Thi,s. .\ecrio11 ,.., j)I de~cribe SUBR.s without their optional argu1ncnts. Jn this 
sit uation. they ::.II 1C:-f<'r 10 a p:1r1icuJ:;ar channel by default, inltiatly the terminal running the ,.._fOL. 
Wh~n g ivc-11 an optional <lrg untC'ut. that argu1nent follows any argu1nents indicated here. Some of 
these SUllR\ al.so have additional optiouaJ argu1ncnt.s, rcJcvant to convei'sion, di.scussion of which will 
be def erred u u ti l la 1 f!'r. 

II.I.I .. lnpul 

All of thE' fnlln\"1 i11g inpur SuUroutines. \Yhen directed at a terrnlnat. hang until $ (ESC) i$ typed and 
allow uor111;1I u.se or rubou1. "'O ...... Land "'9. 

II - 11.J.J Input/Output 

-
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II.I.I.I. READ 

<READ> 

This rC'turn" thf'" rnrirt" l\1DL objc-ct whose character representation is next in the input .srrea1n. 
SucCl"3-'Soi"'f' <RCAD>s re1urn succe.ssivp objtcts. Thi.s i.s preciuty the SUBR READ mentioned in chapter 
2. Se(" al~n ~f'cthn1.s tJ.3, 15. '1.I. and J7.l.S for optional arguntenls. 

11.l. l.2. RF JlflC:llR 

<REJIDCHR> 

( .. rend c h:tr.:t<lc-r'") returns tht' nc.-xt CHARACTER in the input .strc.-an1. Successive <READCHR>s return 
s.ucce-.ssi'"<" CHl\Rl\CT£Rs4 

II.I. IS. llEXTCllR 

<NEXTCHR> 

("'nexr cl1~r.ict<'r") return~ the CltARACTER which REAOCHR wiU return the nc.-xt time REAOCHR is c.aJJcd .. 
Mul1i1>lt" <NE XlCHR>.s. \villi no input 01>era1ions between then1. all return the .sa1ne rhing. 

Jl.J .2. Output 

Jf =-11 c-bjrct to be output require'§. (or can tolerate) .separator.s within it (for example. between the 
clc1nc-nt.s in a .sl ructurt"d objcc't or aft~r 1he TYPE nan1e in ·1 notation"'), 1he.se conver$iOn·output 
SUBR.s 'viii H5<' " carriagc·rcturn/lint'·fccd scpara.tor to prevent overflowing a line. Ovr:rflow i-6 
diet~ct~d in ad\•ance ff'OUl e-lt>u1e111s of the CHANNEL in u1c (.section 11.2.8). 

11.1.2.l. l'RINT 

<PRINT "ny> 

Thi$ outputs.. in order. 
(I) a c.:trrin~~·refur11 Unc .. fccd. 
(2) the C'lta;ac:tt'r repre~enta1 ion of EVAL of its argu111ent (PRINT is a SUBR). and 
(3) a >pace 

and then rC'tUr'll\ EVAL '>f it.s argu1nen1. This. is preciuly the SUSR PRINT 1uentioned in chapt e-r 2. 

11.1.2.2. PR IN l 

<l'RINl ""Y> 

outputs jubot lhe repre.sentat io11 of. and return&. EVAL of any. 

II.I.I.I - 11.1.2.2 Input/Output 
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11.1.2.3. PR I NC 

<rRINC M y > 

\pri n1 ch;ara.ctt'r-~ .. ) net!> exactly like PRINl. except that 
(l) if ii .~ argt1111C"nt ill a STRING or a CHARACTER, it $Uppres.s.e.t the .surrounding •.s or initial ! \ 
r<'\pC'c tlvrly : or. 
(2) if it$ argtu11<"111 i.!. An ATOM . ii 5Uppre$se$ any \5 or OB LIST trailers (chapter JS) which would 
olhrr\Yi~<" l.JC' necC'~.s.ary. 

If PRIN (.", =-r·~ u111C'nt i~ a .s.tructure containing STRING$. CHARACTER.$, or ATO:-b. the service 1nentioned 
will be don<' rt>r all of 1he1n. Oi1to for the ATOM U$ed to na1ne the TYPE in .. , notation ... 

11 . 1.2.4. TERl' Rl 

<TERPRI> 

("1er tninat<" printing'') output$ 11 carriage·re1urn line-feed and thf'n returns #FALSE ( )! 

11. 1.2.5. CRLF 

<CRLF > 

11.1.2.6. FLATSIZE 

<FLATS IZf ;:1ny mif11:fh1 rMJix :l h1> 

dol'~ 1101 actually c:an\C" :tny output to o-ccur and dots not take a CHANNEL argutnent. ln.$tead. it 
c::·otnp~r<'.i rn~v \\• illi lh<" 1u1n1b<-r of eh:.ractcr.s PRINl \\'Ould take to print atJy. If m•x i$ Jess than the 
nu1nber of ch:\r;t('1er~ need~d (including Ch e ca$e \Yhere _.,,y i$ $elf·rererencing). FLATSIZE returns 
#FALSE () ; oth<'f\Vi!i>t" . it rc.>turn~ the 1tt•1nber of characters needed to PRINl a11y. radl>< (optional. ten 
by default ) i~ u ~C'd for convcrling any f' I Xes that oc cur. 

Thi.s SUBR i5> eor.pf>ci;11Jy u~f>ful in conjunctjon with (section ll.2.8) those elements of a CHANNEL 
which specify lhe 11u111l>er of characterlo per output line and the current p0$ition on an output 1ine. 

11.1.2.3 • 11.1.2.6 Input/Output 
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11.2. CHllNU!i.bj1he TYPfil 

1/0 ch~1111el.s :.re dyn:t1nic:tlly a.s.sign<-d in MDL. and are represente-d by an object of TYPE CHANNEL,. 
1.Yhic:h is of F"RlMTYPE VECTOR. Theo for1nat of a CHANNEL wi ll be expl.alned later. in section 
11.2.8. f'ir$l. ltn\Y 10 generate and u.se the1n. 

11.2.1. OPEU 

<OPCN mode file-spec> 

or 

<OPCN rnode nifmt'll n11me2 dovit:#! d1r> 

OPEN i$ :t SUUR \\1 hich ('ft'tllto~ and return$ a CHANNEL. All It~ a..-gument.s must be of TYPE STRING. 
and :tll art> np\ ion al. ·rhc precediog ~1att111ent is fal~e when the device is 111 INT11 or "NET 11 ; .see 
.section.s 11.9 a n d 11.10. If the a1tc1upted openiog of 211 operating-.sy.stetn J/0 channel faiJs. OPEN 
rE"turn.-.. .PFJ\l !'iE (rrp-:on:sfrln!.! !He-~pcc:$lring slalus:lix). \Yhere the ret1$0n and the statvs a r e 
.supplied l>y the operacing ~y~te1n. and 1he fife .. spec is the .standa rd na1:ne of the file (after any name 
trau$fc:tr111:ttio11., by lhe op<'r:tliug .)Y.)l('111) tha t MDL was tryjng 10 open. 

Th~ choict> nr nuulc i .~ 11~11~lly dc1er-111inrd by which SU6R$ will be used on the CHANNEL., and whether 
or 1101 lhe dev1<C' l.o. a ter1ni11aL The follO\Ying table lttls which SUBR.$ can bt" ust"d with which mode.s. 
wh~rc OK intlic:ltC$ a.n allowed u~e: 

"READ" .. PRINT'" "REAoa• "PRINTS• 11\odt! / susRs 
.. PR INTO" 

OK 
OK 
OK 
OK 

OK 

OK 
OK 

OK 

OK 

OK 
OK 

OK 
OK 
OK 

• PRINTing (or PRINling) .an 
e f fecls. 

READ READCHR NEXTCHR READSTRING FILECOPY FILE-LENGTH 
LOAD 

PRHH PRINI 
PRINTSTRI NG 

READB GC-READ 
PRINTS GC - DUHP 
ACCESS 
RESET 
ECHOPAIR 
TTYECHO TYi 

PRINC lHAGE CRLF TERPRI FILECOPY 
SUFOUT NETS RENAME 

RSUSR (chapter 19) on a 'PRINTS' or " PRINTO' CHANNEL has special 

"PRl NTB" diff<-ts fronl "PRJNTO" in that the latter 1nodr is used to upda te a •osK" file without 
copyi11g ic. "READO" and "PRINTB" are not used with ternlinals. "READ" is the n\ode used b y 
default. 

11.2. 11.2.1 Input/O utput 
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The 11cxr nu<' tt:' four argu111C"nl$ ro OPEN $pC'cify the file invoJ\•ed. If only one STRING i s u5ed. i t 
can cn11r:.in lh<" r111i rc ~pC'cification. according to .standard operating-.\y$tem syntax. Otherwise. the 
5tring(5) :ire intt"rp rett'd ot5 follo\v.!>: 

namel i5 tht- fir5t file uan1<'. lh;tt part to the left of the .space (in the ITS-ver.!ion) or period (in lhf! 
Tf'nex :ind Tnp3-·20 VC'r5iOll.\), The nsunr u~ed by default is <VALUE NKl>. if any, otberwis.e 
"INPUl". 

name2 i~ tht' "e<"nud fltr 11a1n(', 1h::t1 part to the right of 1he spaee (ITS) or period (Tenex and Tops-
20). Tltt' 11:.111(' "'<"d hy C'IC'fa11h is <VALUC NMZ>. if any. otherwise •>•(ITS) or •Muo• and highest 
versiou ntuub<-r (T('urx} or gent>ration 11u1nber (Tops-20). 

device i ... th e ctc\'1Cc oa1ne. The nntnc u~ed by default is <VALUE DEV>, if any, otherwise "OSK•. 
(Devier-.. aho111 " •lliC'h l\tDL has no .special kuo,vlcdgc a rc ~$sunu~d 10 b7have like "OSK•.) 

d ir is. lht!' cti~k-directory n~n1e. The n:une u~ed by default is <VALUE SNM>, if any. otherwise the 
"'workillf:•dirrctory"" ua1n<' :t.\ dC'finc:d by the operating a.ystenl. 

Exa1npJes: 

<OPEN "PR I Nl • • TPL: • > opens a convcrsiou-output CHANNEL to the TPL device. 

<OPEN "PR J Nl • "0Uf1MY" ·t~f\t1ES" •TPL" >does th~ sa1ne. 

<OPEN .. rR I NT" • TrL. > opon• a CHANNEL 10 .... flit OSK: TPL > (ITS version) or OSK: TPL .MUD 
(Tf.!'nex nnrl Tnp&-?.0 -.·er~ion&). 

<OPEN '"READ"' "FOO" ">" •osK"' •Guesr•> opens a conversion-Input CHANNEL to the given file. 

<OPEN "RF.AO"' "GUEST;FOO .. > doe.s. 1he ~a1ne in the JTS ver.sion. 

OPEN-NR ; .. 1he !.:tine.-~ OPEU, Pxcept th3t the date and 1hne of la$t reference of the opened file are 
not chattg('d. 

11.2.3. Ctl/\NllEL (tho SUBR) 

CHANNEL Is <':dlC'd t':"(ac.1ly like OPEfl, Uut it a l\vays relurns. an unopent.d CHANNEL. which can later be 
opened by RESI:. T (lJC'low) ju~1 a~ if it Jiad once been open. 

11.2.1 • 11.2.3 Input/Output 
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11.2.4. F!LC - f. X!STS? 

FtLE-EXlSTS? t~c,1s for th~ ttxi~tcnc~ of a file without creating a CHANNEL. which occupie$ about a 
hundrc-c.J 1n:tclii11c \\1ord~ of ~torage. It takes file-na1ne argu1nents just like OPEN (but no mode 
argunlrnt ) :.nd rrlurn~ ci1hcr l or HfALSE (rttason:string st#fU$:lix). where the rt111son and the stslus 
are ~111>plit>d by the operating sy.s.te1n . The dat~ aud thne of fa$t reference of the file are not 
changed. 

11.2.5. CLOSE 

<CLOSE ch,;u1nt1I > 

clo,s.e~ <hitrJtu•f nnd re1ur11!t ii!- :irg11111ent. \vith ii$ .. state .. changed to .. closed ... If ch.annol is for output, 
all bnfft:fl•<J Ollll)Ht i~ \Yr"itten out fir$1. No har1n i$ done if channel i$ a1ready CLOSEd. 

11.2.G. CHANLIST 

<CllANLIST> 

return.s a l IST '"h0$e> elenle111~ :.re :tll 1he currenrly open CHANNEL$. The first two ele1nent.s ar~ 
u~ually • INCllAN ;ind ,OUTCHAN (~ee below). A CHANNEL not refere.nced by anything except 
<CHANLIST> \Yill br ClOSEtl during garbage collt-ction. 

11.2.7. INCHAN ~n<l OUTCHAN 

The cli:.nurl u~tod hy cf("fa11l1 for inpul SUBR.s i5 the Jocal value of the ATOM INCHAN. The channel 
U$t"d by d¥f;iult (or ou1pu1 SUBRs is the local value of lhe ATOM OUTCHAN . 

)'ou c:.n <lir<'ct 1/ 0 to a CllANNEL by SETting INCHAN or OUTCHAN (re1ne1nbtring their old value.s 
.50IU<!\Yherc). nr by giving' thr SURR you ,.,.ish lo use an argutnent of TYPE CHANNEL. (The.se actually 
have 1 he S;ttne effec:1. bC'c:.u~~ REl\O binds INC HAN to an explicit argun1ent. and PRINT binds OUTCHAN 
$itnilarly . ,.1111-,. the CHANUEL l>t>ing U).ed i1 available for READ 1uac:ros ($ection 17.l) and PRINTTVPEs 
(s<>Crion G.1 .-1).) 

By lhl" ,.,.:-ty. ;t good trick for playing \Vilh lNCHAN and OUTCHAN \Yithin a function l.s to U$e the ATOH.s 
!NCHAN ~nd OtlTCllAr~ :\~ "'AUX .. v;ari:t\Jlt.$, re-binding their local values to the CHANNEL you want. 
Whl"n you le:-.,·r. C'tf cour~<". 1hc old LVAL.$ art> rc$torc-d (\vhich i$ rhc whole point). The ATOM..s 1nust be 
declared SPEC 11\l (C'lt:apter 11) for lhis lrick 10 c:o111pile corre.ctly. 

INCllAN and OUTCllAN al.so ha\'C global valu~.s. initi,.,IJy lhe CHANNEL.s directed at the terminal running 
MDL. lnil l:.lly . JNCHArf!o and OUTCllAN°$ local and global values ar~ the sa1ne. 

11.2.4 - 11.2.7 Input/Output 
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11.2.tl. Co111e111> of CHl\NNEl• 

The concc111\ of a.n object of TYPE CHANNEL are ref~rr~d to by the 1/0 SUBR.s each thne- such a SUBR 
Ls u.s('d. ff y o11 r.h:.ugr lh t> c o111c;-11ls of a CllANNEL (for cxan1ple, with PUT). the next use of that 
CHANNEL \vilf be c h:.nged appropria1eJy. So1ne- elen1ents of CHANNEU, however. should be play~d with 
.se-Jdo1n, if ever. ot11d only a1 your peril. The.lte are 1narked below with an e; (asterisk). Caveat user. 

Thf"rf" folio\\' ";\ ralJlr of lh(' t:n111t"11ts of a CHANNEL . the TYPE of each ele1nent, and an interpretation. 
Theo for1u:tt u~t>d is 1he foJJO\'tling: 

elemcr1/-nu1nber: t y pe i nterpret •lion 

Jt.2.8.1. Ourpttt Cll/\tJNFL5 

The- contf'Ut\ of~ C llAr~U E L u.s<'d for output ar·e a5 follows: 

-I: LIST 
• 0: \"3fi('.\ 

1ra11~C":ripl <"hanoel(s) (see below) 
de\· ice-depPU<lt'u t i u ( orauat ion 

• 1: F rx 
• 2: STRHlG 

c llaunel tuunbe-r CITS) or JFN (Tenex and Top.s-20). o for internal or c:::lo5ed 
lllOilC' 

• 3: STRWG 
• 4: S TRWG 
• 5: STRJtJG 
• 6: STR1N(; 
•7:STRIUG 
• 8: STR IllG 
• 9: STRHJG 
• IO: STRING 
•11: FI X 
•12: FIX 
13: FIX 
14: FIX 
15: FIX 
16: FIX 
17: FIX 
18: FIX 
19: FIX 

fir\r file 11::t111e ::arg11111ent 
secnnd file natut: arg1une1u 
<fcvicC' o:tnJC' arg11111ent 
rlirre":rnry n::tnle!' 01rgu111ent 
rc-:tl fir~r fil(' 11a1ue 
real ~t"c:ond file ua111e 
r<:al d<'vict" ua1ne 
rC':'ll dirt"c.lory nauu.• 
varinu$ $ta111~ bit.s 
PDP-10 i11,1ruc1 i o11 U$ed to do one 1/0 operation 
1u1n1l>er of c:.haractC'rs per line of ou1put 
<:11rr<"nl character po.sicion on a line 
lllllHhE"r Of line.\ per page 
c urrC'nl line nu111ber on a page 
acct".\~ 1>oiu1cr for file-oriented devicu 
r:idix for FIX conver.sion 
s.ink fc:tr .an internal CHANNEL 

N .B .: The- <"lc 111('nt~ nf a CHANNEL bclo\1o1 nu1nbcr 1 are usually invisible but a .re obtainable via <NTH 
<TOP <hi11nn,,.I> l l w>. fnr !10111~ <1ppropriatt> !ht. 

The tr.-.n .'>cripl-<"h;111nc-I~ ~lot lta.5> llii~ ntf'aniug: if this .!lo1 contains a LIST of CHANNEL.$. th~n 
anything inp111 nr output on 1hc original CHANNEL is outpu1 on 1hese CHANNEL$. Caution: do not U5e 
~ CHANNE L :.s it.s O\'llU trau.scrip1 channel: you probably won"t Jive ro tell .about it. 

11.2.a - 11.2.s .. 1 Input/Output 
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11.2.8.2. I 11p111 Clll\llNEL• 

The- CO lltt'"nf.'\ of 1f1("' <'lc1ncnl.!. up to n111nber 12. or a CHANNEL U$Cd for input a r e the $ame as that for 
0111pt1t. T h <" rf'111nini ns <"l<"1nt'nl.s :\re as foUo,v.s ((.sa111e) indicate.s that the use is the same a.s that for 
output): 

13: v~ric.5-
014: FIX 
<tl5: FIX 
16: LIST 
17: FIX 
18: FIX 
19: STRillG 

nhjt'"rl r\':tluntecl \\·ht-n end of file is reached 
nne "Jook-nht-ad .. character. used by READ 
PDP-JO ins1ructioo t-xr-cuted waiting for input 
'Jlll"llC' nf buffers (or input fro1n a ter minal 
:tC<'"<'~S pointE"r for file-orient('d devices (.sa1ne) 
rat.Ii x for f IX con version (.sa 1ne) 
buff('r for i11pu1 or $Ource for internal CHANNEL 

( 

11.3. En<l·<'f-Filc- .. Jtnutin<''" 

As 111eutin11('rf :lhov(". au C'xplicil CHJ\flNEL is 1he first optional argu1nent of all SUB~ used for 
conv<'r~in11 t /O . The ~econd OJ)1 io113J arguntent for conversion-!.!1.2.fil. SUBR.s is an ·end-of-file 
r-ou1inc" •• 1h:tr i~. ~n111c-1hing for 1hl:' input SUBR to EVAL and rtturn, if it reaches rhe end of the file 
it is re:ltlin;:. ,\ 1ypic-;,I c-ncJ·of.fil C' argu1nc-nt is a QUOTEd FORH \Yhich applies a function of yours. 
The "·a1t1f.' of thi'\ argu11u.•111 u~cd by defaull i$ a call to ERROR. Note: the CHANNEL l•as been CLOSEd 
by the ti111r" tlli~ arg-u1nPnt is e,1atuated. 

Exalnp1€": thr follo,ving FUNCTION counts lhe occurrences of a character in a file. according to its 
.argunlent~. Th<' file n:u11e~. dt"vic.e. and dir~ctory are optional. ,.,,Ith the usual na1nes used by def~ ull. 

<DCrtrlE COUNT - CllAR 
(CHAR "TUPLE" FILE 

<COIW ( . CHN 

<Rl:PEAT () 

"AUX• (CNT 0) (CHN <OPEN "READ " !.FILE>)) 
:"Ir CHtl t• FALSE, bad OPEN: return the FALSE 
so result can be tested by another FUNCTION. • 

<AND <••? . CHAR (READCHR .CHN '<RETURN>>> 
<SET CNT <+ I .CNT>>>> 

;•until EOF , keep reading and testing a character at a t1me.• 
.CNT ;•Then r eturn the count.•)>> 

11.2.8.2 · I U Input/Output 
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l 1.4. l 1n:tged 1/0 

11.4.1. lnp111 

11.4.1 .1. REllDB 

The ch~11!ncl 111u,1 hr npr11 in "Rf /\OR • 1nnde. REAOB will re·ad a5 many 36.bit binary word$ as 
UCCC''>">:try rn f ill tl1<' butl1.Jr (\\t)tt"I\<' UTYPE tHUs.t b' of PRIMTYPE WORD), unless it hit$ the end of file. 
REAOll rC"111rn .. tltC" nu111hc:-r nf \V('lrd ~ ac1ually read. as .a FIXed-point nuinber. This will nor1nally be 
the lirngth nr the'" ,..ut lrr. 11olr"~ rhr c-nci of file \Vas read, in which case il wiU be Jess. and only the 
beginnins of l~uflrr ,\, ill ha,·e lleeu filled (SUBSTRUC 1nay help). An attempt to READS again. after 
bvlfer i~ nnt fill t•tl. \V i ii eval11a1c tht" end-of-file routine "of. which is optional. a call to ERROR by 
default. 

11.4.1.2. REllOSTRING 

< REAOS TR l NC 1Jvflpr;..~lr1ns ch;tnrtcl &top: f ;x-or-string eof> 

i!- th(' STRIUG :111:.Jo_r; to READS. '"here b uffe r and eol are a.s in READS, and channel is any input 
CHANU[l ( . I rlC llAU by dc-f:iuh). s lap t~ll) \vhen to stop inputting: if a FIX, read this many 
CHARACTER~ ( fill up buffer by dC'f a.ul1 }: if a STRING, s.top read ing if any CHARACTER in 1hi$ STRING ls 
re:ad (dou"r inc lude 1hi-. CHARACTER in fiuaJ STRING). 

lJ .4.2. Ou1put 

11.4.2. 1. PRINTS 

<PR 1 N TR l.'t1fle r .-vvc<IOf'-or-slor as e channel> 

This call ,,,.ril t' .,. th<" ("ntirc c ontents of the buffer iuto the .speeifi~ channel open in •PRINTS• or 
·PRINTO .. IU()(I('. Jt f('IUfU'\ bu f f er. 

11.4.2.'.2. PRINTSTRJUG 

<PR JNTSTR1 NG buffer:sJr;ns ('h,gnnel count:f;x) 

i~ analc>gou.) to RE/\DSTRlNG . It ou1put.$ buffl'lr on ch•nnel, e-lther the whole thing or the first count 
character-". :tnd 1·c:1urn.t lhC' nu1ubcr of character.$ output. 

11.4 - 11.4.2.2 Input/Output 
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11.4.2.3. lH/\GE 

< IHAGC f ix ch.ttnnel> 

is. a rather ~pecial-purpo.\e SUBR. \Vhen any conversion -output routine outputs an ASCI I control 
character ( ,vi11t .spc-c ia1 t"xcc:prions like carri.-ge-returns. Jine-feed.s. etc.). it actually outputs t\¥'0 
char:ic1c-rs: -. (ci_rc-u1nffC'x). foJIO\\' C'd by the uppcr-c.ase character which ha.s been controJ-.shift~d. 
IMAGE . nn 1lu? nlll <'r h:t n d. ahv:ly.s output.5 the rral thing: that ASCII character \vhose ASCII 7-bit 
code i~ I i.'<. It i " S"uaranlet>tl 1101 to give 41ny gratuirous line-feeds or .such. channel i.5 optional • 
. OUTCllAN h y d efault. :i.nd it$ ~101~ for current character po.5ition (nutnbe.r 14) and current line 
nu1nber ( 16) a r e 1101 upda1cd. !HAGE return$ lilt. 

I I.!:>. D11n1p <::d J/ 0 

11.S.l. 0111p11r: GC-OUMP 

< GC- IJUM P tiny printb:(h.tnne/ .. or- IRIStt > 

duntp~ an > t"t11 print {.) in a c lcvc:r forntal $0 that GC .. REAO {below) can reproduce any exactly. Including 
$haring . ..lnr c :a1111nr Jiv(' nn lhC" cont rol 5rack, nor can it be of PRIHTYPE PROCESS or LOCO or ASOC 
(\vhich~ .see). ifny i~ r e1u r 11ed a ,\ a valut". 

If print/.> Ls a CBAf4UEL . it 11u1s t be open in "PRINTS• or • PR!NTO• n1ode4 If pri ntb is a FALSE. 
GC-OUM P iu.~1<":.cf rcrurn-5 a UVECTOR (of UTYPE PRIMTYPE WORD) that contains what it would have 
output on :a CHJ\f4UEL. Thi~ UVEC TOR can be PRINTSed anywhere you de$ire. but, if it is changed in 
any \V:a y . GC-RCAO \viii not Lu? able to Input it. ProbabJy the only reason to ger il is to check its 
length hC'CQrr ou1p111. 

Except for tl1e 1nl1ti:ltore garbage collec1iou required. Gt-DUMP is about twice a.5 fa.st as PRINT. but 
the a111011111 of t'Xternaf .$.lorage usC'd is two or three tilne.5 as 1nuch. 

11.s.2. lnp111: GC-RE/10 

r~turn.-,. C:-nt' ohj<"<:t frruu the ch~nncl. \vhich 1uust be open in '"READS• anode. The file must have been 
produ«d by CC - DUMP. eof i.s optional. GC-REAO is about ten thne.s fa.5ter than READ. 
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11.6. SAVE Fil~• 

The e111ire t-t:ttf' t•f l\tOl, C':tn lit .'>avt-d a\vay ht a file for Jarer re.storation: this is done with 1he SUSR.s 
SAVE and RESTORE. 'fh i~ i'> a ,·ery difft'rf'nt for1n of J/0 front any 1nen1ioned up to now; the file 
used cn11t:.iu-. nu :tccual hn;agt" of your ~iDL address .5opae:e and is 1101. iu general ... legible .. to 01her 
MDL ro11ri11C" ... RESTORfing a SAVE file i.5o !.!!.!!E!l faslcr than re. REAOing the objects it contains. 

Since a SAVE filr dot·s 1101 c-01Hai11 all extan1 ~fDL objects, only the hnpure and PURIFYed (section 
'22.9.2) OHC'&. :t <:h:tll!:'<' to 1l1t- in1rrprC'·1cr has the rrsult of tnaking all previous SAVE files unusable. 
To prC',·<"nf rrrnr<. fro111 .-.ri~ing frt\111 rhis, the interpreter has a release nu1nber. which is incretnentcd 
\vheut-v<'r cllaugr-, :trf' i11)1."IJIC'd. The currt'nt reJea$-e nu1nber is printed out on initially starting up 
lh~ progr~111 ::tud i~ a,·aiJable a~ lhl:" CVAL of the ATOM HUDDLE. This release nurnber is writren out 
a5 the "<"ry fir ... t p:.1'1 of C;tch SAVE filC'. If RESTORE atten1pts to re. Joad a SAVE file \vhose release 
nu1tthC'r i~ 1101 rhr ... ~anr as tht' intC'rprcrcr being u..sed. au error i.s. produced. If de.sired. the release 
nurnb ... r of a !"l\VE fit<." C.An be ('lb1.:ii11ed by doing a READ of that file. Only that initial READ will 
\Vark: th<." r<'~I of the filC' i~ 1101 ASCII. 

11.6.1. SllVE 

<SAVC 1;1e~spec:string gc'!:fatse-or-any> 

or 

<SAVF. n~n1e/ nifme2 devicg d;r gc?:fatse-or-any> 

.s.ave-& 1he- e111ire ~ltllt" of your !\10L a\"'a.y in lhe file specified by its argu1nents, and then returns 
"SAVED... 1\ll STRING :trgutucuu are optional. wilh "MUDDLE", "SAVE•, .. OSI<", and <VALUE SNH> 
U$ed l>y tlrf:ault. s~ "' I~ c>prional and. if $upplied and of TYPE FALSE, calUe-s no garbagr colJ"ction to 
oc.;:ur he-fnrt" S/\Vl.:ing. (FS/\VE is a11 alias for SAVE that cnay be seen in old progra.tns.) 

If, after rc>toring. RESTORC find• that <VALUE SNM> b the null STRING(""), it will uk the operating 
.systcan rnr th<" 11an1r nr rhc '\vntkiug directory"' and call SNAHE with lhe resuh. This 1nechanis1n is 
handy fnr .. public"' S/\VF. filr.s. \vhich should not poinl the usrr at a partic.ular disk directory. 

In 111<" ITS VC'r3'inn. th<" f ile i.5- actually writcen with 1he natne _HUDS_ > and rena1ned 
argun1enc(s) only 'vhrn co1nplctt-. ro pre\•ent losing a previous SAVE file if a crash occurs. 
Tenex and Tnr>s·20 ver.sions. versiou/gtneration nun1ber.s provide the ume safety. 

Exan1ple: 

to the 
In the-
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<OEFINE SAVE - IT ("OPTIONAL" 

<SETUP> 

(FILE '("PUBLIC· •sAve• 'OSK' "GUEST')) 
"AUX" (SNH •')) 

<COND (<=? "SAVED" <SAVE I .FILE>> :•see below.• 
<CLEANUP> 
•save<1. •) 

(T 
<CRLF> 
<PRINC •Amazing program at your service.•> 
<CRLF> 
<START- RUNNING>)>> 

11.6.2. RES TORE 

<RESTORE me-•pcc> 

or 

<RESTORE n;uuc/ name2 device d lr> 

109 

rcol:.cc~ '"" C"nlirC' currC"n t ~1a1c of your MDL with that SAVEd in rhe file .specified. AJI arguments 
are optional. \Yitli thC' s.a111e values used by default as by SAVE. 

RESTORE co1nplt~1cly rl"Jl1ace~ 1he conrent.s of the f\fDL. including the .state of execution existing 
wheon the SAVE '"'"~ done and lhe st~te of all open 1/0 CHANNELs. If a file which was open when th~ 
SAVE u1a.s dolt<' ctcir~ nnr exist \vhC"u rhc RESTORE is don~. a tne.ssage to that effect wiJJ appear on the 
ter1ni11aJ. 

A RESTORE nc\·C'r rC'lurn~ (unlc.s.s it ge1s an error): it ca.uses a SAVE done sotne thue ago to r-eturn 
again (I his thne \'.'ith rh~ value "RESTORED•). eve1\ if the SAVE was done in the tnid.st of running a 
progran1. 111 1he latt.,r case. the progra1n will continue its execution upon RESTOREation. 

11 .7. Orher 1/ 0 Functions 

11.7.1. LOAO 

<LOAD rnpul:ch.flnnel loo~-up) 

eventually re1ur11~ "DONE" . Firsr. however. it READ.sand £VALs every MDL object in the file pointed 
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to by input. a11d 11tc11 CLOSE.~ input. Any occurrence.s of rubout, ""'t ...... 0, ""'L. etc... in the file arc 
given 110 ~pt"c iaJ n1cani11g: Chl'y are .silnply ATOH constituents. 

look- up is optional. us•d 10 sp<cify a LIST of 08LISTs for th• READ. .OSLIST b u•ed by default 
(chap1~r JS). 

11.7.'2. FLOAO 

<FLOAO f'1e• spec look-up> 

or 

<FLOAO ndr11e/ n;1n1c2 dl.1'vt<e d i r lool<-up> 

( .. file lo:1<1J ac t"' ju~r Hke LO/\O. <'Xcepl 1hat it takes argu1nen1s (with values used by default) like 
OPEN. 0Pt N., 1'1e CH/\NNEL ll~elf for reading. and ClOSEs the CHANNEL when done. lool<-up is optional, 
as in LOAD. If the OPEN fail'\, an tr·ror occurs. giving 1he reason for failure. 

11.7.!J. SNllME 

<SNAM E ::tr1ns> ( .. ~ysreau 11a111c". a hangover frotn ITS) is id~nlical ht effect with <SETG SNM string>,. 
that i$. it c;1u'f"5 $l rine to bcco111r- rht> d ;r arguanent U$td by default by all SUBRs which want file 
$pecific.at ion .. (in 1hc Ab$-ence of a local value for SNH). SNAME return$ its argument. 

<SNAME> i-' id("ntic ... .,I in rffcct \vith <GVAL SN11>, that is, it returns the current d;r used by de.fault .. 

11.7.4. ACCESS 

< /\CCESS <h~n11el 1;.\'> 

re-turns c h#l1ltrtf!. <lft("r 111aking th<" n<':i<l character or binary word (depending on the n1ode of ch11nnel, 
'tvhich ~hnulcl nn1 ht;> "rRtNl") ,,..h ich \'¥'ill be input fro1n or output to ch6nnel the (//x+l).st one from 
the beginoing nf th~ file. r hifnncl ntust be open to a. r.ando1nly acces.slbJe device (•OSK", •usR•,, 
ecc.). A 11 .~ of O po~ ilion" chtJnnel 2t the beginning of the file .. 

11.7.S. FILE-LENGTH 

< F ILE-LENGlH i nput:c-ITanneJ> 

return6 a FIX. the length of thl" file opt>n on ;nput. This Information i.s supplied by the: operating 
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sy~tc:nl. aud ii n•ay not lJe a\·ail:tble. for exa1nple. with the "NET* device (section 11.10). If ;npvt's 
inodc: i\ "RCAD". 1hc length is in characler.s (rounded up to a 1nuttipJc of five); if "REAOB .. # in 
bina:ry \Vorcls. If ACCESS i~ appli('d to input a nd this length or 1nore. then the- next input operation 
will de1cc1 1 he end of file. 

11.7.G. F JLECOPY 

< F 1 LE COPY ;nput ;ch<tnnel 041f puf :ch1111nol> 

copies c-h:tr:lCIC'"r~ frn1u i nput to output until the ~nd of f ile! on input (thus closing input) and return$ 
the nu111l.Jl·r nf ch:lr:tcter.s. cop ied. Doth .irgu1nents are optional. \Yith .INCHAN and .OUTCHAN U$ed by 
dcfau ll. rc.spl'<'ti\' Cly. The operation is esse1Hially a REAOSTRING - PRINTSiRING loop. Neither 
CllANN[L nt'C"d be frC'~hly OP[NC'd. and output need not be hntnediately CLOSEd. Restriction: internally 
a <FlL E -Llt,GTtl i nput> i.s doue. \Yhlch 1nus.t succ:eedt thus FILECOPY might JO$«: if input Js a "NET• 
CHANNEL. 

11.7.7. RESE I 

<RESET ch1trtnel> 

return~ clr~ln11cl. :lfll"r "1·t>~l'l ting"' it. Rl'setling a CHANNEL is like OPENing it afresh. \Vilh only the file· 
n3111f' ~ 101.s pl'e\t"rvc;d. Fnr an i11p111 CHANNEL. chi$ 1nea11s en1ptying all input buffers and, if it i$ a 
ClfANUCL tn a fil<'. doing an ACCESS to O on it. Fot an output CHANNEL. this 1neans returning to the 
begiuniug Clf lh<' file- ·- \Vhi~h ilnplit's, if the 1node is not "PRINTO". destroying any output done to 
it .so f:tr. If the npeu ing fails (for exa111ple, if the 1node &lot of ch6nnel says input. and if tht' file 
spec ifi t>d in its real-11a1ne slol5 does 11ot exi5t). RESET {like OPEN) returns IFALSE (reason:sff'ing file
SPttG:str1ns. !'ifafus:i1x ). 

11.7.$. BUFOUl 

<Burour outpul:cl1Jfnnel> 

cau.se.s a.II i111C'r11al ~1 l)L buffers. for output to be \Yrit ten out and returns its argu1nent. This, is, 
h~l1>ful if the npt'r~1i11g systeu1 or "10L is flaky and you want to at1e111pt to tninhnize your lo.s.se.s
Thr ou1p111 111ay br partded \Yi1h up to rour ex tra spac:e.s. if output's 1·node i.s "PRINT11

• 

11.7.9. R[NAME 

RENAME is for rf'na1ning a11d dt'leting filt.s. It 1akt.s three kinds of argument.s: 
(a) '''"'0 file 11a1ut'\, iu C'ilhC'r $ingJc. or anulti -STRING for111at • .s..epara ted by the ATOH TO. 
(b) OU<" rile 11.;llllC in cifht"r (or1nat, Or 
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(c) :. CH/\NUEL ::.net a fih· 11a1nf' in eithtt for1nat (only in the ITS versi on). 

Oani11rc-t :i lc--naua· p;:irf .. II'\(' da<" ~a1uC' values by dcfauh a$ does OPEN. I f t~e operation i.s succe:ssfu1. 
RE N/\MI; 1·('t11rn~ I. ('Hhc•rv.•i'\~ wf'AlSE (rcason:strins status:lht). 

In ca.~.c (~ 1 llil" file 'i>f'<'ifi<>d by lhl" fir~1 argunient i.s re:natntd to the ucond argu1nent. For exampJ~ 

;•Ronamo FOO 3 to SAR >.• 

In C:il~P (b' 1h<" ~in~lc filC' 11:..111<" .. pecifiC$ a file to bt- dt-Jeted. For exa1npl~ 

<RENl\HE "FOO FOO OSK:Hl\RRY: " > : "Delete f"ile FOO FOO from 
HARRY'S dircclory.• 

Jn ca<." (<:.) rh<" Cll/\IHIEL 1nu!->t he <>f><'n in <"lther • PRINT• or • PRINTS'" mode. and a renAme while open 
for \Vri1in~ i!i> ;i11eu1pt<'d. The r~.:al-11011ne slots in the CHANNEL are "pdated to reflect any succe$Sf ul 
c hangt". 

I l .S. Tcr111i1101J CllAllfJEL .. 

l\1 OL ht"h=-vt"~ Iii. r i hr a ~rs \.'('t'$iOn o f the tC'Xt editor Teco with r~sp!!Ct to typing in carriage-return. 
in that 1r :tutn111:ttic::tl ly adtl' a line·fet>d. 111 order to 1ypt."' in a Jone carriage-return, a carriag~~·return 
follo\v<''-! l1y a rubout 1uu.\t I><' 1y1><'d. Al~o PRINT. PRINl and PRINC do not autornatically add a line
f eed \\'hc-n "' c:.rri:l~c~rcful"'u is o utput. This enables overstriking on a tetn\inaJ that Jack.s 
bacl-"'pnt•iu~ r:1p:'ll• i li1y. 11 ._1 .. 0 111ca11$ chat what gOf's on a ter1ninal and what goes in a file are 
n•ore lil..ely I'• Jnnl. thto ~:llUP. 

t u thr ITS ,.C'r~inn, ;\11>1.".s pri111ary 1rrn1inal outpur channt-1 (usually ,OUTCHAN) is nor1nally not in 
··di.splay .. 111ntll', C!'t:<'t"pt '"hen PRlUCi11g a STRING. Thu& errors will rarely occur when a us.er i5 
typia.g iu t\.'-'; r n11ra i ni11g <lic,pJay -01('de c(utrrol code&. 

ln tlu.· ITS vf'rt-i<-11. ~tf)I . can ... t:lrl up \Yi1hou1 a 1cr1ni11al. give conlrol of tht' ter•ttinal away to an 
iuft-rior oprr:llin~-.c.yc,tt"111 prn('('~~ or ger if back while running. Doing • RESET on either of the 
tc:r111i11aJ c:•li:t1 1ttl'l'.t l ·:u1s.c .. ~1DL 1Q (iucJ 0111 if it uow has the terniina li if it does. the ter1ninal is 
rcopt:"tt<d and tie(' i.::11rrcut ~Cl'C"<'n s.iz(' and de\•ic.e para1ueter$ are updated. If it does.n•t have the 
te-rn1in:il. :lll i111('r11:.I (la!= i.c, ·'<"'· cauc,111g ou11>u1 ro rhl' tcr1ninaJ to be ignored and atten\pted i nput 
f r o1n lhl" IPr11o 111:ll to 1n:ak<· 1ltc· opcra. :11g-l>yl-1e1n process go 10 .$Jeep. 

Jn th<" • • ·s ,.,., 111, tht . ar\_· 'iortH1e 1>-~ .11iar11ie$ a~ociated with pseudo-ter1ninal~ ("'STY'" and •sTn• 
de,,.ic~ ... ). If llit" C"lll\NNl'L ~i,·rn to Rr /,OCllR is open in •READ• 1nodr to a p$eudo .. ter1ninal. and i f no 
i11p111 i~ "' ;.lta UI\•. l?I .\rJCHR . .. ·1 t1rH$ - i. TV PC FI X. If the- CHANNEL giveu to REAOSTRING i.s ope-n in 
"READ .. nu11.Jc- ton P'l'l;tlO·h·1111inal. '°":.Jing ~•..,.'> stop~ If and '"hen no more characters are available-. 
th~t is.. \\/h('U RCAOC.llR \Y01tlli rerurr. - 1 . 
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11.8.1. ECllOPA!R 

<ECllOPA lR tcrrninal•in:chRnncl fcrminRl-out:·channel> 

retur11.llo h .. fir~1 :'ttg1:11u•ut. n(! {'t' 111<'tking 1hc two CHANNEL$ "'know about each othtt .. .s.o that rubout • 
.... @. ""'O ;14ui ""'Lon I•·· n11n;t/- ,,, wdl <"aU~C' 1he appropria\e output on lorminal-out. 

11.8. '2. TT vr CllO 

< TTYECUO fcr1.~rnrl·inpul:ch.;innol pred> 

turn~ ll1C" ('<"h1°:11~ ('tr typed characters. on Chi'nne/ off or on. accordiug to whether or not pred i.s. of 
TYPE t-/\t ~[ •• 1 1ul s·t>ruru .. e/J~-.nncl. 11 i5 u5~(ul in conjunction with TYI (below) for a prograan that 
wa111s. 10 dn <'h:lt:l<"f<-r iupu1 and echoini; in its. own fa5hion. 

11.8.3. TYl 

< TYI fctrnun~I· 1npvl:ch~nnel) 

rctur11:- nn(' CllAHl\C'fr R front ch~11ncl (op1io11al .. INCHAN by def.a.ult) when it l.s. typ~d. rather th:an 
after S (ES<.;J i' 1yp<-d. :t5 i~ 1he ca5e \'' ilh REAOCHR. The following example echos input characters 
a$ thC'ir A'C: ll vnhH."'· unlit a car1•i;tgt'-rrturn i~ typed: 

CREPE/IT ((FOO <TTYECHO • INCHl1N <»)) 
(l\flO <==? 13 <PRrnc <ASCII <TYI .INCHAN>»> 

<RETURN <TTYECHO • INCHAN T»» 

11.9. I ntcr 11.-.1 Cl lAflt:!. L~ 

If rht· ~-fcv:(~ "'l>f'\·lfi t'd in an OPEii i~ .. INT"'. a CHANNEL i$ created which doe$ not refer to any 1/0 
device.· nut,it.lt" ;\till. 111 1hi~ <':l,)t'. 1hc nthde 1nos1 be •RE.AO• or "PRINT•. and there is another 
;trguant"nr. "-'h ich 01u .. 1 hr~ runc tion. 

For n "RE/\O'" Ct-11\NHLL . 1l1e fuoction 1uust 1ake no arguntents... \Vht-uever a CHARACTER is de~ired 
fro1n thi .. CllAUNC:L . lhC' fu11e1io11 \viJI be applied to no argu1uent5 and IOU$l re1ur11 a CHARACTER. 
This \\•ill n~cur nn ('<" prr c ."tll 10 REAOCllR u .. ing this CHANNEL. and several tilne.s per call to READ. In 
the ITS \' C"r'iC'l11. tht" fu11ctio n C'<'IU .\ig ual that it$ '"end-of.file'" has bc~u reached by returoiug <CHTYPE 
•777777000003• \llJ\RJ\ClFR> (-1 i11 left hnlf. coutrol·C in right). \vhich is th~ standard ITS end·.of· 
file ~ig11al. ln 1l1 c 'ft•nt•x and ·rop~-20 \'er$iOns. 1he func:1ion ~hould return either that or <CHTYPE 
•77777700003Z • Cl lARAC:l rR> (-1 and <:onrrol-Z). the latter being their standard end-of.file signaJ. 

11.8.I • 11.9 Input/Output 
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For a .. PR1 Ul 00 CtlJ\t.aNt-L . th<" r unc1 iou 11\u~t take one argu111eut. which will be a CHARACTER. lt can 
di$pos.e o f i1 .. :tr!:u1n<-ut in any ' "ay it ple:a$e$, The value returned by the func:'tion is ignored. 

E x an11>fc: <OPr: u " PR Jr~r· "INT: • .FCN> open' a n internal output CHANNEL with .FCN as its 
charactit>r·~nl1bJC"r. 

Th<" "N(t "" tlr,·icr j .. di f f<"1'C'llt in 1u,.,ny \vays fron1 conventional devices. In the ITS ver&ion. i t i s 
I h e only Or'· ic-<' l1r, idc-.\ "JN r • th.al dor.\. 1101 take all strings as. its arguments t o OPEN, and it 1nu.st 
take a u :. th.Iii i o 11a l ~plin11:.I ar!:"tu ut>ol 10 !!tJ>eeify the by tr siz.e of the socket. The f or1nat of a c a ll to 
open ~ OC'1 \vnr1. ~9<"~.t.· 1 is 

•: OPt-:N lhode:t:lri'n s l ocit/-socl<.cl:lix /orcien- socltet:fht •NET• foreign•host:fix byte- s i ze:li x> 

w here : 

mndc- i' l he 111ntle o f t hp d1P., i red CllANNEL. This must be either •READ", • PRINT•. "READS• o r 
'"PR l U18"'. 

lo<<tff·socke t i .. tltC' 1oc.:tl j,oclc t nun1bcr. Jf it i$ - 1. the operating sy.sten1 will generate a unique 
loc a l ."lon l"'l..<-1 1n11uhc-r . Ir h i.\. u o t. ir\ the T~nex aod Tops-20 version.s. the soclcet nunlber i .s 
.. forl.- r~lat i\·c ... 

fof"<"i~!n ~O<"Acr i\- th<' ror<'ig n ~oclrt nu1nber. If it is -1 . this is an OPEN for ·listening'". 

forcls,n -ho~I i' 1h~ fnr-ci~n ho~r nutnber. Jf it is an OPEN for listening. th i.s a rgu1nent i s ignored. 

b> t~· -.,, ... ,. ;, 1h(' nfltiOn0\1 b yt e .si ze. For •READ"' or " PRINT" th is tnust be either 7 (u.sed by 
d f' f :l u l t ) h r t.. Fcir "Rl:/\08'" n r "PRINTS "' . it can be any integer from 1 to 36 {u.s-ed by default). 

In th<" ·rc u rx .uui ·1·n1•'-·20 \'Cr~ions. OPEN c a u i11~tead be given a STA.INC argutnent o f the f'orm 
"NEl: •.. ". ! n •hi,. ta .. ,. 1hr J.-.c.-1 ·''' '":1.cl nu111bcr c.an be "directory-relative·. 

Li k e an y 0 1li..•1 Ol'f U. C'illu·r :\ CHl\~:UEL or a FALSE i.$1 re1urned. On« open. a network CHANNEL can 
bt" u .. c·tl l i t e..· .-. 11y ••titer CllflUl~EL, <'XCC'S>I 111.at FllE-LEf~GTH, ACCESS. RENAME, etc .. c a nnot be done. 
The ''!lrf;Ut11 r n1 .. ftr· ... 1-11:\1nr . .s.rcn11d· n a1111:. and dlrcctory · na1nc slots in the CHANNEL are u.sed for local 
.soc&..e1. for(·i~ n ,oc l et, nnd fnrcig u liol-1 ( :..~ ~pecified i11 the call to OPEN). re.spectively. The 
c:orr<'.~po1uli11g ··,·e:tl'' ~Jnt.'J. ;a r t" U :'>l"tl ~OtHf:'\\' h3 t dirferently. Jf a chanuel Is OP£N~d with local .socket 
- 1. the "'rrnl°' f ir .. 1. 11.-.111c , 1n 1 will contain tlic unique .socl.:et nu1nber generated by the operating 
.sy.stc111. I f a n .. 1rnins- "-n<:J.<·t i s. OPE Ut'd , the fnreign socl.:t-t and host nu1nber.s of the answering ho5t 
are ~lorc.•d l u rh ,· ··rc.o;d"" .)l"<• •:td· o a n1r and dire c tory-na111e slots of the CHANNEL when the Request For 
Connect inn i\ r<"<:t'i\'C"c.1. 

11.9 • 11.10 I n p u t/Output 
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An in1c-rru p 1 (C'll:tpl «r :!I) <'au IJc a.s.~ociated \'lith a '"NET• ·device CHANNEL • .so that a progtan1 wiU 
knO\V rha1 tliC' CllAUU(L h~s Qr 11C'Cds da1a. according to lt.s mode. 

There nJ,n iPSi,.1 '<"''f"l":tl ~peci:tl·purpo-'>c SUBR.$ for the • NET • device. These are de$cribed next. 

11 . 10.1. tiE1S11dr 

<UEiSTfl.TE ne/"A•OrJ...:c h ttnnc l) 

rel u r n' n UVt-.C 10 1( of lh r"<'<' FI X<"\ . Tiie fil"st is the slate of the: conne ction. the second i$ a code 
~pecifyi11f; ,.,thy 11 t'ft11nc.·c1inn "~a\, clet$rd. and th e Jast is lhe nun>ber of bits available on the 
con n <"<"t io n fnr 1upn1. ·r1ic n•ea11i11g of 1he state and close codes are in$tallation·dependent and $0 
arr nnl i n C"' l1tdcd h <"t ('. 

l l. J0.2 . 1':C1ACC 

acccpl' :t ""'" l<'\' l i nu 10 :l ~nc~"' 11!~1 I.\. o pen for Ji.s.tening and return$ i ts argument. l t w i ll return a 
F ALSE' ir thf" ('n1u1('<:tin11 i~ in 1hr \Yrt\n~ 4tate. 

11 . 10.3 . NETS 

(UC:_ 1 S rtr-1 .vQr/.;("ll;u111cl> 

r ('turu .. it" !\1f! 11 1ncu 1. nfl<'r' fc;•rci u~ a uy .sys1c1n·bufferecJ uerwork output 10 be- sent. I T S nor1nally 
doe~ 1hj\ C'.,·<'ry lt :.l f ~<'<'nnd ;-tllY'":"I)'. TC'nex and Top~-20 do not do it unless and until NETS is called. 
NE TS i ~ '1tllt l :1r t o OUFOUT f or 111)r1nal C HANNEL~. except that eve!'n opera1 i ng·sy.stem buffers are 
e1np1 icU ~'.'. 

11.10 . 11 .10.3 Input/Ou1put 
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Chapter 12. Locatives 

Th«>rE> i\ iu 1\1111 , a f.1rili1y fnr n01aini11g :and working directly with objects which roughly 
corrc\.pnrul 10 "'pniurC"r)-·· i11 :'l:.5o~<'nt1Jly language or "'Ivar.)• in BCPL or PAL. In MDL. these arr 
generiC':.lly 1. nn'''" "' fnt':tli\'C".'- (fro1u ·1oca1io11-) and ar~ of several TYPE.$, a.s tnentioned bl!Jow. 
LOC."tlivt•' ~'''I 1n ptovidt" <"fficic-01 UJf'311$ (or alrering ~lructure.s.: direct rcplace1nent as opposed to 
r e---cop yin~. 

LocntivC"' ~J~'':!X~ 1C'(rr 1n rlr1nc-nr' in .. 1ruc111rc~. Jt i$ 1101 pOS$ib1e to obtain a locative to ~o•nething 
(for ex;101plt.->, :'1:11 f\IOil> ,,· liiclt '' un1 pnrt or any structure. Jt i.s possible to obtain a locative to any 
el<-1ncu1 iu :l11Y 'lrtt<" lu l'<"d ohjC'cl in ~-tOL •• t"\'t-n 10 a$SOcialion$ (chapt~r 13) and 10 1he values of 
ATOM.$, .s.true1uri11~:s. h ' l1t eh ;trc 11or111ally -hi"dcn". 

lu the fnllnh·rn_f:. !hf' nbjC'<'t occupying the structured po.suron 10 which you have obtained a locative 
will br rc-fC"rrl'd tn "' flit> oltjc-ct l)Oiured !2. by lhe Joea1ive. 

12.1. Ob1aini1tt! Lo(':11ivC"~ 

12.1.1. LL OC 

< l lOC ~101 .. tf/l',i ) 

rctt1rnt-. :. ltit' atlv« Cl YPE LOCU. "locati\·~ 10 iDeutifier"") to the LVAL of atom in ~nv. If alo1n is not 
bound iu "'"' . au ('1·rnr "<'Cur.so. cnv i~ QJ>tional. \Yhh the current ENVIRONMENT used by default. The 
toc:ati ... «• 1r1111 nC'd Ii )' I LOC i"- i11clC'pc-11d('11t 2£. future- rc·blnding.s of a/om. That i$. IN (.sec below) of 
£h:a1 lnC':.tivs- '"iH •<'lorn 1he .... a111e tlii11g (>\' CU if iJIOm i$ re-bound to .sontething t'l$C!': SETLOC (.s-ee 
belo\v ) '"'iii a(fec1 ouly 1ha1 parti(':11l:1 r lliudiui; of atom. 

Sinc-·r hi1uti11;' .,,.,. krpt nn :t "''!\~k (Ira la), .any a1tc1npt to use a Jocativr l.O an LVAL which ha$ 
bt'coln<" 11011nu11cl , ... ;u fC'lch up :to vrror. (lt breaks ju.5ot likto a TUPLE ••. . ) LEGAL? can. once again. 
b<" u~cd It> '!!>,.,. if :t LOCO i~ "·ali<.1. (:autio11 : <SET A <LLOC A>> creat~.s a self-reference and can tnalce 
PRINT \.'~ry unh;lppy. 

12 - 12.1.1 Locatives 
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12.1.2. GLOC 

< GLOC ~torn rrcd> 

rie-turn!I> a l<'h,":\li,•e ( 1 VPE LOCO) to tit" GVAL of Rfom. If atom ha$ no GVAL !.!.2!.· an error occurs. unless 
pred (optinnAI) i~ ~i\'C'tl :iud 1101 FALSE. in ,.,,hich ca~e a slot Is. created (chapte.r 22). Caution: <SETG 
A <GLOC A>> c:rt"att'~ a !-Clf-rcf('rC'nc.c and c.au 1nakc PRINT very unhappy. 

12.1.3. AT 

return~:\ ln, .. ati\"f' to t h <.> .V1h ("IC'1nC'nt iu &lructurad. Ni$ optional. 1 by default. The exact TYPE of 
the Jn<'n t j,· r r<'tur11 C"d ,J('pr1HI\ oo che PR.ltlTVPE of s~ructured'. LOCL for LI.ST• LOCV for VECTOR• LOCU 
for UVl:.C IOR. l.OCS fnr S1H1r~G. LOCB for BYT£5. LOCT for TEMPLATE, aud LOCA for TUPLE. If N is 
g rl!'at<"r cli:iu < LEr.IGlH :;t1v<l vrcd> or le$.S than l, or an OFFSET with a Pattern that doc-.sn't 1natc:h 
structu, Pd. <ln crrnr OC<"lll'S. The loca1ive i$ unaff«:ted by application.s of REST. BACK. TOP. GROW. 
ere. rn o:t1 u<l ur • .,1. 

12.1.4. GCTPi ~1ul Gt TL 

<GE 1 f'l 1lcm:any 1nd1<alor :dn)· clcfault:any> 

rclurn ... a lnc:.1 1iv" (TYr[ LOCAS) 10 the a»0<:iation of Uem under lndicator. (See chapter 13 f"ol" 
infor1u:triou :thn11t :t"""n' i:t1 ionj,) If no .such a$.SOC.ialion ~Xi$lS. GETPL reruro.s EVAL of dt:faull. d<tflJu/t 
is op1in11:tl. • F1\l5E () hy drfault. 

GE TPL ('orrr,pnocl$ (n C(Tf'ROfl a1uo1Jg11 1he a.s1ocia1ion 1nachluery. There al10 e.xi.sts GETL. which 
corf'e~p<u1c1 .. co (;CT . rrr11rui11g cith<'r a. LOCAS or a loc:.ative lo the indicatorth clcn1ent of a stf'uctured 
item. GET L i') liJ..e l\ T if I/cm ;, a 1truc1ure and ind1calor i.s a FIX or OFFSET. and like GETPL if not. 

12.2 . LOCI\ T_IVt. ? 

Th i3. sunR i~ :\ p r<·tl i<""a1c rha1 1cll..s \'-'hcthcr or not h.s a.rgutnt.nt i.s .a locative. It is cheaper than 
<HEHQ <PRJH IYP~ ~'f> '![LOCO LOCI ... ]). 

12.1.2 - 12.2 Locativ"s 
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The follo\ving t\YO SUBRs prov.ide lltt 111ean5 for working \\'ith locatives. They are independe1·lt of 
rhe ~p<-cific TYrC of thr locative. The notation locative indicates anything which could be returned 
by LLOC, GLOC, AT, GETPL or GETL. 

12.3.1. IN 

return~ lhl' nhjC"c.t tn \vhich locallve point$. Thr only way you c:an get an error u5ing IN i.$ when 
Juc;tfi\•c vuiuc~ Iv :,11 LVAL \Yliich ha . .\ b«.•co1ne unbound frout · au ATOM. This- i"' the san1e as the 
probfc1n iu referencing TUPLE~ a~ auentioned in ,.ection 9.2. and it can b.e avoided by fir;St te$ling 
<LEGAL? toed>. 

Exaa·nplP: 

<SET A l>S 
J 
<IN <LLOC A»S 
l 

12.3.2. SE TLOC 

<SE TLOC Jcc;1/ive Rny> 

return~ Alt)' . aftt-r ha,·i11g 1n:tde any lhe contents of that pO$tt1on in a $tructure pointed to by 
locative. ""fhr ~trocrurC' itsC'lf i~ no1 01hrrwi$-e di~lurbcd. An error occ.ur$ if locatlve is to a non
LEGAL? LV/\L nr i( )'Qll try to pul an object of the wrong TYPE into a PR.IHTYPE UVECTOR. STRING, 
BYTES, <>r TEMPL/ITE. 

Exan1plc:: 

<SET /I (I Z 3)>$ 
(l z 3) 

<SETLOC <AT .A Z> HI>S 
Hl 
./1$ 
(I HI 3) 

12.3 • 12.3.2 Locatives 
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12.4. Nore no Loca.1 i\'('~ 

\'ou ntny hnve notil"eci th:u Jo~tivc.s arc. strictly speaking. unnect".ssary: you c.an do everythi n g 
locat ivc) alln,,• Uy :\l)propri.-1e u~e- of. for ex~unpJe. SET. LVAL, PUT, NTH, etc. What locatives 
providt" i.s. grucraH1y. 

B:.sic:\lly. "°'''' ynu nb1ai11C'cJ n foc:i1ive is lrrcle,·ant to SETLOC and IN; rhu.J thr sa1ne progra1n can 
p1;iy ,.,,.ilh CVJ\L.. ... LV/\U. objects In explicit s1rucrure.s. etc .. without being bothered by what function 
i1 shoulcl u~c to dn .$0. This is particul:trly true with respect to locatives to LVAL.s: the fact that they 
are inri<"'pC'1trJt>11r nf d1a.ng<'~ in binding can s:l.ve a lot of fooling around with EVAL and 
ENVIRONMENT:;. 

12.4 Locat ives 
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Chapter 13. Association <Properties> 

There i" :in .. ~5.'lo~ i:ttivc .. clata $tnr;1ge and retrieval $y$tc1u f'tubcddl'd in fwfDL. which allows. the 
construcriQ11 nf t.l=-1;a. ~tructure$ with arbitrary se14!Ctors.. It is u&ed via the SU8R$ described in this 
chapter. 

IS.I.I. PUTPUOP 

<PUT PROP i lem:11ny incJ,'cator:any v11Jve:any> 

(""put propf"rly-) r-e1ur115 ilcnt. h:aving a~ocialttd v:iluo with item undll!'r the i ndicator i('ldicalar. 

13.J.2. PUT 

< rUT 1ft1111:;1nJ' t'ndicJttor:any value:any> 

is ide111 ical tn PIJl PROP. rx<:<'pt rhar. if Uem is structured .and indic-1tor is of TYPE FIX or OFFSET. It 
does <SETLOC (/\T i fcru lndlr .ator> vo?luc>. ln oth("r words, an eJetnent with an integral selector is 
stor<"d in tht' "'truc.turc- il.~<·lf. iu~tC'::ad of in a$50ciation space. PUT (like AT) wiJJ get an error if 
1ndicc'tftJr i~ nur nf ran~(': PUTPROP \\•ill not. 

If PUTr'ROP iir,, 11\C>d \\"i~!. irs valve argu1ncnt. it rr1nove.s any AJ.Joociation existing between its item 
argun1<"11t autJ i t~ 111dic .-tor ;lrgu1uc11t. If au tl~.\ociation did rxis.t. u.sing PUTPROP in thi$ way returns 
the v~lue \\'hi ch \\·a-. :1ssoci::ttc-d. If no .a .\~ociation cxi~ltd. it return$ #FALSE (). 

PUT . wi1h :lrgu111en1" \Vhicli ref(>r to a»o-ciarion. can be us.ed in the 5a1ne way. 

13. ta.I.a Auociation (Properties) 
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If t'ilh<"r i f tS>tn or 1n d 1cAlor CC'::li~C' to cxi.s1 (tha[ is. no one wa.s poin1ing to the1n, .so they were garbage-
co1Jec1«~•0. :ind nn lnf";lti,·e . ., to the a.s.srn:ia1io11 exi.$.f, then the auociation between the1n c-ea,cs to exist 
(I• gMlloge-C"llOCl\'d). 

13.2.1. G£TrROP 

(''gee 1>rop•r1y"') rt>lurn~ the' v_.tvc ::11s..~Cl<ia1cd with 1/cm under indic•tor. if any. If there i$ no such 
a~sociatinn. C-.ETPROP rt"111r11.s EVAL of eKp (that i.5, exp get.s EVA~ both at call linte and later). 

exp i& npr inu:tl. 1 f not si,·t-11. GET PROP returns #FALSE () if it cannot return a valuo. 

Note: 1fon1 a.ud 1nd1c;:1tc>r in GETPROP IHU$I be the~ ~tDL ob jt'!ct.s u.sed to e.stabli.sh the a5->0eiation: 
that is. tltcy 111u'1 hC' e:? 10 the objects us.t-d by PUTPROP or PUT. 

l!l.2.2. GET 

<GE 1 ilan"l:~ny indicat.or:any exp:Mty> 

is rhc i11~·("r.,c or PUT. u"iug NTll or GETPROP depending on Lhe- te-st ou1lined in MC'lion lS.1.2. exp is 
optional and u&C"d .:.r. in GETPROP. 

<SET L • ( l z 3 4)>S 
( I z 3 ~) 
<ru1 .L FOO "L ts a llst.">S 
( I z 3 4) 
<GET -l FOO>S 
•1. is .. , 1;st.• 
<PUIPllOP .l 3 ' ![4)>S 
(l z 3 4) 
<CETrRor .L 3>S 
! [ 4 ! ) 
<GET .L 3>$ 
3 

13.1.3 • 13.3 Association (Properties) 
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<SET N 0>$ 
0 
<PUT . N .L •list pn a zero•)$ 
0 
<CET .N '(l 2 3 4))$ 
i'FALSE () 

The MDL Programming Languag" 

The la.st <"X:.tn5;fe f~iJpd becau$e READ g<"ntor·atN a n•w LIST - not the one which is. L•a LVAL .. 
Howev('r. 

<GET 0 .L>S 
•1tst on a z~ro• 

worlt.$ bC'c.an$C' <==? .N O> i.s ttut". 

To a!>.snci~te \01ueahi11g \vith th• Nth J>.,E!.itio!!. in a $tructu~. a$ oppoud to i1$ Nth efe-ment. associat~ 
it with <ftCST :;lru<fortt N-1 >. a.s in the following: 

<PUT <RESl .L 2> PERCENT 0.3)$ 
(3 4) 
<GET <2 .L> PERCEIH>S 
i'rAt SE () 
<GET <RlSf .l 2> PERCENT>$ 
0.30000000 

Re1netnh<"r r.cunntC'Utt.? 

<SET tt '!lA BC ;" third element• D E]>S 
![ABCDE!] 
<GFl <REST .H 2> COMMENT>$ 
"third clc-mrnt" 

Tht' in the:- <Sr. T N > is to keep EVAL frotn generating a new UVECTOR \Ojrect 
Rt>pr~.sr11t::t1inn°'). \Yhi c h v1011ld nnt h;lVt' Tht- co1111nt1H on it (and which would be a nccdle$$ 
duplic:tttt). 1\ '"1np.fe\·e1'

0 

cn11u11e111 -- one attached to 1he entire object returned by READ -- is PUT on 
the Cllf,NU[L in u-.c. ~i 11 cc thC're i~ no po~i1iou iu any structure for it. If no top.level co1nment 
rollO\'•'~ th<' nl1jr<':I. RrAD rC"tUoVC'$ Ilic value (<rur channel COMMENT>): so anybody chat want$ to see a 
rop-lfve-1 c-n111n1E"11t 11111~1 look for it aftC'r each READ. 

If you nerd tn ll;l\·c a \1ruc1ut(' '"'ith .)t'Jcclor$ jn ntore than one dintrns.iou (for exa111ple. ~ !opar$e 
1natri~ th:tl c1nC" .. nnl (IC''C"f\'C 10 be lincaritcd). a$~oc.ia1ion.s can be U$C.adcd 10 achieve the dl!sired 
re!ottlt. I n <'ffC'ct :.n extra level of f\\~ocia1io11 111ap~ two indicat<>r!o into one. For exa1nple. lo 
associalc ,,.i#.'uc \'l.' ilh 1tcrn u11dtr l ncflcif/o,·-J aud indic.;tor-2 ~huultaneously: 

(PUT PROP lndtC.dlor-J ;nd,·calor-2 T> 

13.3 
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< Plll PROP ifern <CC TPL indici'flor-J indicalor-2> v~lue> 

A~soc i:lt inll$ c.,.· rt.•:th.•d hy PUT :\Od PUT PROP) are chaint>d together in a doubJy-Jiuke-d li!>t. inte-rna1 to 
~101_.. ·r11" nr·dC'r nr :\"-!f>O<"iation$ in lhC' chain i$ rhcir ordcr of creation. newe$t first. Tht"re are 
.,t>vf"r-:t.I SllRlt"- tnr ""~1ni 11in~ lhc chain of :t.»Ociation5. ASSOCIATIONS r~turn5 the fit$>l a5sociation 
in th"-· <"h!lin. nr .-f.f\LSE () if there ar<.> nonl'. UEXT tak~.s ao association as an argu1nent and returns 
th<- ucxt :l"-"-oi:l:uiou in ll1l• chain. or #FALSE ()if there are no n1ore. ITEH. INDICATOR and AVALUE 
all t01kC' :in "'"''nr.i:i.tinn ~~ an .argun1C"n1 and rc1urn the ireJn. indic.ator and valur. respt?ctiveSy. 
A.ssoci:atinH"- r>riut :t~: 

,0:/\SOC (tler11 i11d1ci'flOr ViJ/ve) 

(sic: ('Inly nnf' S). F.~:.111plr: the following ga1htr& all the exiJting a.s.sociations inlo a LIST. 

<rROG ((A <ASSOCIATIONS))) 
<COHO (<NOT .A> '()) 

(1 (.A !<HAPF ,LIST 
<FUNCTION () <COND (<SET A <NEXT .A>> .A) 

(T <HAPSTOP>)>>>))>> 

13.3 - 13.4 Auociation (Propct'ties) 
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Chnpter 14. Data-type Declarations 

In f\IOl. i1 ;.., pn,..,•hlr to d~ctarc rhe per1nis.!>iblc range of •typ~.s· and/or $tructurt'$ that an ATOH0 $ 

valUt>.\ nr a fu11~1in11".~ argu111e111& or \' alue 1nay have. This is done using a special TYPE. the OECL 
( .. cfecl;ar~ri,.111-). A OECL is of PRIHTYPE LIST but h as a co1upJic.ated internal structure. OECl.s ~re 
u&-crl h y thc- inr<"rprrf<"r to find TYP[ errors in function calling and by the co1npiler to generate morir 
t>f"fic:it>nl C'"nrlc-. 

There ~rr l\YO Lincls of OECLb. ""rhc fir~t l.:ind of OECL is tht' 1no.s.t co1n111on. It is called the ATOf1 
OECL and is "'<'d 1un"r con1n1onJy ro ~pccify the typr/structure of tht' LVAU of lhe ATOM$ in the 
arguntent L lST of a FUNC f ION or 3Vx LIST of a PROG or REPEAT. Thi$ OECL haa. the for111: 

"DCCL (.~101,1-: ,</1 !;/ P<1llorn ••• ) 

'"'her(> tht> p:iiri11g nf a llST nr /\lOH" and a "P:tltt"ru "' can be repeated indefinitely. This dt-clare.s the 
AlOM$> in a 11$1 10 bC" of th<- typt-/.\lructure 3opccified in 1he follo\ving P8tfcrn. The s.pecial ATOH 
VALUC. ir i1 appC';tr.s. dc.-cl~rC"~ lhC" ft'3ollh or a. FUNCTION call or PROG or REPEAT evaluation to .sati.sfy 
1he P:.''"' o ,..prc ifird. 1\11 ATOM OLCL i.s u.s.cful in only 011(' place: hnntediatt"ly followin g the 
argu1ne111 LIST of a FU14CT10U, PROG or MEPE/\l. It 11or111ally includes ATOMs in the argu111ent LIST 
and ATOM~ \\' ho"(" LVAL\ arr other,~ise used in Che function body. 

The ~ecnnd l..l11cl nr UF C1 j;\ r:ir('ly "'"II by tlte Caloual f\.10L U$Cr, ('~G<'pt in appendix 2. lt is COllled 
the RSUCR OECL. 11 i~ ll\("d to .specify tht' type/$lr11cturt" of the 2rgun1ents and result of an RSUBR or 
RSUBR·(NTRY (ch:.plC'r 19). ll i~ of 1he foUo,~iug forni: 

•Ol:.Cl ("VALUE" PAllcrn Pnlfcrn ••• ) 

\Yherc lhl' STRIUG "VALUE" prC'<:<'dC!- the ~pccificatiou of the 1ype/.1tructure of th~ value of the call to 
the RSLIUR. :and tht> r·c11i<ti11iug PJfterns $pccify tht- argu11icnt$ to the- RSUBR in o rder. The full 
~pttific:ttiou nf 1he H.SUUR OECL \\•ill be giv('n i11 section 14.9. The RSUBR OECL i~ useful in only 
one plac~: a) an ctcn1r11t of an RSUBR or RSUBR-ENTRY. 

14 D a ta-type Declarations 
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J.f.I. Patr<"rns 

The ~iiupll"~t po.s.~il.Jlc Pattern is to .say that a valut ls txactly so1ne other object. by giving that 
object, OUOT[d. 1:nr csa1n1llc.". to dl'"clare that a variable is a particular ATOM: 

.. DECL ( (X) 'T) 

declare~ th:.t . X i.s .-J\\·ays the ATOH T. \Vhcn variablc.s are OECLcd a.s "'beJng• sotne other object In 
rhi.s '"'"'Y· •hf''"""' ll"<'d i.s =?. and nor ==?. The distinction I$- usually not ilnportant • .since ATOt1s~ 
which are Ul('l"l co111111c:u1ly u .\.ed in tlti$- con.5-truction. are==? to each orher if=? anyway. 

It i s ruorc C'0111111n11 tn '''a111 to :!i-pccify that a value 1nu.5ot be of a given TYPE. This is done with the 
.sitnple-.5>1 11011•.'pec-ific Pattern. a TYPE noa111e. For e-xa1npte. 

#OECL (( X) rrx (Y) FLOAT) 

dttlare.s • X 10 be ("If TYPE FIX. an d . Y of TYPE FLOAT. In addition to the nan1e.s of all of the built .. 
in and c:rcatcc.J TYPE">. $UCl1 a$ FIX. FLOAT and LIST. a few "'co1npou11d"" type na1ne$ a re allow<>d: 

ANY :tllO\\I.~ ""Y TYPE . 

STRUCTURED "II"'" any .irnccured TYPE, $UCh a • LIST, VECTOR, FALSE, CHANNEL. etc.. 
(appt'ndix 3). 

LOCJ\TtVE aJlo\v~ r.11y localive TYPE. $l1Ch a.5- are rr1urnt:"d by LLOC. GLOC. AT. and .so on 
(ch"ptcr 12}. 

J\PPLICJ\IU E ::allo\\1$ ~11y applicable TVPE. $uch as FUNCTION. SUBR. FIX(!}, e1c. (app~ndix 3). 

Any v1 li t"r ATOM can bt" U$Cd 10 .5-tand for a 1nore co111plex con$truct. if an 3$.Sociation i.s 
C"1ol:ahJi,licd 011 lha.r ATOM and Ilic ATOM OECL. A co1nn1on exa111ple is to <PUT NUMBER OECL 
'<OR FlX FtOAr>> (~Pr helo,..,), .so 1ha1 NUMBER can b~ used as a "co111pound type nan1e ... 

The &inglc TYrE 11a1nc C:\n be- generalized .slightly. allowing anything of a given PRIHTYPE. using 
the f'olfo\vi ug cnn ... 11 ue1 inn: 

•OECL (( X) <PRIM TYPE I/ORD> ( Y) <PRil1TYPE LIST>) 

This con.strueri nn cnn$i!-T.\. of a l\Vl)·clc111cnt FORM. where the fir.st eJe1nent i1 the ATOM PRIHTYPE. 
and 1he ~t"cond th<- 113111~ or 3 prilniti\'e 1ypt. 

The 11t-x1 r.tcp is. tn 'P<'cify the clc1uc11I$ of a -'lructure:. Thi1 i$ done in the silnplest way as follows: 

< !<fruclvrt:'d:lypo Pal tern P.aitcrn •• . > 

M.1 Data-type Declarations 
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\Vherc the-re- i~ a. OUC'·IO--OllC C:C'lrre.)pondence be1wttn the Patler/"4 and the t'kment5 or 1he •tructu.re. 
For <"X:ltnpl<': 

'DECL ((X) <VECTOR FIX FLOAT>) 

decl:tr<'..s • X en hl' a. VCCTOR having ll JC':t.)1 two c:-Jcn1cnt.s. lhe first of which i.$ a FIX and the ~nd a 
F'lOAT. It i~ nrtrn con \'<"uicut 10 allo\v additionail ele1nenl$. so that only the elements being used in 
the loc.-1 ncighbnrhood of the- OECL nef'd 10 be declared. To di.sallow 4dditional elements. a SESt1ENT 
i.s u~<'d iu~cc-oi.d nr .. roRM (thl" .. C'xcl·cd" bracket$ 1ualce it took more enapb.at ic). For exam ple: 

~OECL ((X) !<VECTOR FIX FLOAT>) 

declares • X 10 Uc :t VECTOR having cxac1Jy lwo cJc!•1nent$. the firsl of which ls a FIX and tbir second a 
FLOAT. Nnt~ th:tt the- PAllnr11 ... giv<'n for t'lc1nent.llo can bf:' any legal P a ttttn: 

~OECL ((X) <VECTOR <VECTOR FIX FLOAT>> (Y) <<PRIKTYPE LIST> LIST>) 

d<'c1arc_s . X lo h«- ~ VECTOR con1~i11ing another VECTOR of at Ju.st two elen1ent$, and • Y to be o f 
PRIHTYPE LIST. con1ai11iug a LIST. Jn tlte ca31e of a BYTES. t h f' individu a l elements cannot be 
dC"clarcd (they 111u~t Ur FIX<'.\ any~vay). only the .s.ize and nu1-nber of the bytes.: 

~OECL ((B) <BYTES 7 3>) 

decl;are~ .n to bra BYTES with BYTE-SIZE 7 and a1 Jea.s.t lhrttelen1enu. 

It i.s. pC'l.,sihlf'" tn s3y th:tt 60n\P n 1u11ber of elt-nlents. of a $tructure sati$fy a given Patt ttn (or 
.sequt-nce of Pal l<"rns). Thi~ is calfe-tl an "'NTH c::on1truction ... 

[ nun>ber:flx Pattern Pattern . . . ) 

.s.tate}, tli:tt the ~l'quence of Patf1Jrns which i$ REST of the VECTOR is r~ted the number of lim n 
given. 1:or C"Sa1upJ<': 

POECL ((X) <VEClOR [3 FIX) FLOAT> (Y) <LIST [3 FIX FLOAT)>) 

. X i~ dc:cl3r('d to cont:tin three FlXc~ and a FLOAT. perhap$ followed by olh tt e~ments.. .. Y is 
declared ro rrp('.al lh<! !.equrucc FJX- FLOAT three ti1ne$.. Note- 1hat thctt may be more r epet i tions of 
the ~e'lu<'n('e in . Y (Uur not in .X): the OECL 5.pecifi<"~ only tile fir$t six ele-ments.. 

For i11dc-fini1c r('(>('ti1ion, 1hc ~:.n1c construction i$ u.s.ed. but. in,tead or the numbtt of repe t i tion s of 
th~ .s.equf"n("-e or r:irr<"tn.s. Chf" ATOM REST is given. Th;s allows any numbtt of repetitions.. from zero 
on up. For exa 111ple: 

•DCCL ( (X) <VECTOR (REST FIX)> (Y) <LIST [3 FIX) [REST FIX]> 

14.1 Data-typr Drclaralion a 
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/\ .. RESl c-nu,11·11r1in11'0 c:in ('"ou tain any UU111h<'r of rattCrns, just like" au Nltl construction: 

•llJ(CL ( (Xl <VCCTOR (REST FIX FLOAT LIST]>) 

dcC"l:tr'<"' thn1 .X Tc. :l VE-ClOR \\'ht'rriu the .sr'lurncc rI X-flOAT-LIST rrpca.1s indefinitely. It docs not 
dec1:\rc that < LEflGlll .X> i-. :in f'\'l'll naulliple of three: the VECfOR cau eud at ~ny ·point. 

A vnri:.1i('111t nn nt~T i' orr (C"r OPTJOl~Al). \vhich is shuil<tr lo REST except that the c·onstructiOl'I is 
scanned 011c.~(' ::it 1110 .. 1 i11,1<"ad of inclC'finilcly. and furrher undeclared e1c1ncnt~ can follow. For 

cxa1np1-.~: 

•flf r.r ( ( X) <VfCTOR [OrT FIX]>) 

tlcc.:l:tr<") th:tl .X i') n VECTOR ,,·Jiich i"' e111pty or whost- first e.le111e"nl i.s a FIX. Only a REST 
con'\trurl inn (':\II fnlln\\' .an *OPT ('.('11\)lruclion"'. 

Note thnt 1h t• ltl!\l c. .. nu .. 1ruc1irtn 11Hl$1 :\l\\•ays Uc- 1he- la$t e1e11\e-1H of tht- $tructur,e decl;:tration. $.ince i t 
giVC't A l':tlh.~1 II r('lf" 111(' l"C"\I of lhc $lruclurc. Thu\. the REST ('.011~truction i$ diffcreot fro1n all other5 
ht th:al it tt:i .. :"111 u11 li1uit<'cl ra n ge. No 111:\tt('r hO\Y tn~ny 1in\t.\ the Patter n it gjve$ i$ RESYcd off of 
the ~lruc:t111·r, lhr rr1nahulrr of Ilic ~tr11c;:;turC" still has th::tl ratt('rn. 

This. C'Xhnu''' l h t" pn .. ,lUI<' singl<" P:\ttcrn.> that C:\lt be given in a declaration. Ho\'lever. ther·e i$ a l.Jo 
::\ cnn•pnuud l,:\ITt"r u clf"finrd. 11 allows $pC'cific._tion of st'veral po.5sib1c Pattern$ for one value: 

Any llC'ltl ·~Olnpn11 1 1ll P:tlf('(t1 ('an Le included :llS one or 1hc clc1ncnts or the con1pound Pattern. 
Finally . <"Cl111po1111rl l'all<"fll~ <":tn br u5rrl ::t.$ Po.tterus for t"lc1nents of structures. ~nd so on. 

•DECL ((X) <OR FIX FLOAT> 
(Y) <OR r1x <UV~CTOR [RCST <OR FIX FLOAT>)>>) 

The OR con .. 1111..:1 inn (";\ II b(' exu.~11dE>cl tn nny ll'\'CI or ridiculousut'.\$. but tit to higher the lev f!'l of 
cornplcxicy anti cnu1pnundr<.lnC'$S. 1lte Jc--.~ JIJ..cly 1he con1pilcr \viii find the OECL useful. 

At the high<"""' l t-''<'I. :\n}' P:\ll<"rn ~• IOJ'l level in an ATOl1 OECL can be enclosed in tht' construction 

\o/hich ._.i\plic-i1Jy 1h,t" lnl'r\ 1hl• ·'Pl"C'iahy of th<' /\TOH(s) in thr preceding LIST. spctially can be either 
SPECIAL nr UflSl"ECIAL. Specially i'> i111por1ant 011Jy \vheu the progra111 i!o to be co111piled. The word 
coin<"'- fro1u 1hc couu·nl .slack. \Vhlcli i..s callt'tl "$pCcial" in Li5p (~toon. 1974) because the garbage 
collec.tol' fi 11el5> ohjr<"t.5 on f-1 and lnoclifiC's 1hcir intctn;tl pointers when .storage is. con1pacted. (An 
internal .\t:.C"J. i~ U!><'c.I \vithin the i u11•rpre1er and is not acC:C!o!oibh.• to prograu1.s - .section 22.J .) In 

14.l Data-type Declaration$ 
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an inl<'rp1<·rcd prn~r:l111 all fn C'.al \ 'nine$ :.re i11icially SPECIAL. becau,s.e all bindings. are put on the
CC'lntroJ .,r;i,· t ( luu ~<'<' Sl"CClAl. - MOOC bclo,,..}~ \Vhcn the progra111 is co111piJcd. only value~ declared 
SrECJ/\I ( \\' fii <"l1 111;iy nr lll:'l}' 11nt h(" the declaration used by dC'fauJt) ft'tnain in bindings on lhe 
c o111ro1 .. l:i C't... r\fl nt h<"r~ :tr<.> lrtken C:'ll'<' of $i1nrJy by $foring objl"cts on the control stack: lhe ATOM.$ 
invoJ,·rtl :a rt• uni 11rc·tl(·cJ and arc •HH crt':ucd 011 Jo:ldi11g. So. a progra1n that SET$ an ATOM'.s. local 
\':tlu<" Cor ;lnnrlirr prnr.: r:t111 10 pick up llHl$1 dcc larr lhat ATOM to be SPECIAL. If it doc.5>11°t, Che ATOtfs 
bi11di11 g \\' ilf ~n :l\\':'I )' duri11!: co111pHiuf!. :and the pro~ra111 lh:tt H<'t'ds to re(er to the ATOM will C'ithrr 
get a 110· ,·:.h1<· <·rr nr ur r("fer lo an f.'rro11eo11~ l>indi11g. U.)ually only ATOM5 \Yhich have the!' opposite 
.!opcci:llt}' f t n111 th:tt nf the <'nrrC'nl SPr!C!AL·MOOE 3re explicitly declared. The u~uaJ SPECIAL-HOOE Is 
UNSP EClAI. ... o ry pi <'ally ('111fy SPCC I AL dccllrarion.s u.sc 1hi.5> con.s1ruction: 

~OECL ((ACT) <SPECIAL ACTIVATION>) 

t"Xplicitly clc-c-f:trC"< l\C T to tu• SrECJAl . 

~1n!-t ,-.i rlf·\\'fif1t~ 11 . 111n(htl:i r progr:i1n.s g t-1 alJ tht"ir i11forn1:llion fro111 rhcir argunit-nts ~nd front 
GVAt~. a 111I 11111 ... th<'}' r'.'lrrJy lf'tC Sr( CJAL ATOM'!!, cxct"pt pC'rhap3> for ACTIVATION.s and the ATOM.s 
who•<" I VAi' Mr>I '"~' IJy <l<fooolt: INCllAt{, OUTClll\N, OBLIST, DEV, SNl1, Nl11. NMZ. OUTCllAN is 
a $pl"c-i:tl <':1'<": Tiu· ('n111p i lr r 1hink.\ 1h:t1 all <-nn,·ersion.output SUBR.s are called wich .1111 explicit 
CllANt~CL :arg 111nt•1tt. \V'h<'lh cr or 1101 lhe progra111 lJt-jug co111pilt-d 1hink5 ~o. For exa1uple. <CRLF> is 
co111pil r .1 :i' 1hn11f.: h it \V<'r(' <C RLF .OUTCllAN> . So you •nay t1$e (or .)ee) the binding (OUTCHAN 
.OUl C ll/\N) i11 :au :a r~ 1111u•1u I TST . hn\\' C'\' rr ocfft that tnay llppcar. bccau.s(' that -- couplC'd with the 
u~u:al lHJS r'ECl/\L c.l('(' ln1·n1in11 lay dC"fnult -- 1n:aJ..e~ only onr- reference 10 the current binding of 
OUTClll\U :tthl ~111ff& th(• rc~ulc in a .)lot on the!' $fa;ck for u~e within the Function. 

14.2. Ex;l.111plc.·~ 

• ll~ C L (( Q) <OR VE CT 011 Cltl\Nllf. L>) 

dectar<".s. .Q tn Le c-ith<'r 3 VECTOR or a. CllAUNCL. 

-DtCL ((P Q ~ S) CPRlMTYPE LIST>) 

dcclorc' . I', . Q, .R. •ood . S •II lo be of PR111TYPE LIST. 

•PE C L ((~) <FO~M [3 ANY]>) 

dC'clar<'.s . r tn h<" .::t rORl1 \\•ho ... c len g th i.s at l<":t!-l 1hrt"c. c.outaioing objeCI$ of any o ld TYPE. 

•DECL ((LL) «PRHtTY PE LIST> [4 <LIST [REST FIX)>)>) 

dccl.ttrcs . Lt tn he" nf r"RJMTYrL LIST. and 10 have at Jeast four ele1nen1s, each of which are LISTs of 
uu.speci(if"cl l<"ug:11t {po .... ihly <'t11p1 y) CC'l11tainlng F1Xe3>. 

14.1 • 14.2 Data-type Dt>clarat ions 



The l\11l1 P1n1!1n1nt11ing I :lngua~r 129 

"'' C:I ( (VV) <vrc 1on I IX l\TOH Cl ll\R/ICTER>) 

dN"l:t r<'' . vv 1n lit·!\ vrc1on '"i1h :ti ){'!\~I 1htt>t" t1c111l"J1I$. Tho~e t"le1ne11t5 are. in order. of TYPE FIX. 
AT0i1, :tUd Cllf\P.f\1; 11 R . 

• 1'1-11 ((111) <LIST 1\1011 [llEST FLOl\1 ]>) 

clccl:'li·r .. . l 11 t.1 11<" :\ l 1!'\1 \\"hn'r f'ir'l rl<"111r111 i\ au ATOM and lhe re't of whoie elt1nenl$ are- FLOATS. 
11 al'n ':\r' th:\t .111 ioe. :'It l<':'l<-1 n11P rlt"111r11t Inn!:· 

•llrC:L ((fOO) <LISI [RCST 'T FIX]>) 

dec:lat f"\ . I ('Cl,., hr :t I 1::\1 \\hn\r nt1tl-pn\ilinnptl elr•nrots, are fhe ATOM T and who'" t>ven-po.s,itinnf'd 
etentf'lll' :i1•· 1 tx,.,, ... 

<MJ\rft < > 
<I llllf. I I Oii ( X) 

•nrCL ((X) <VEC IOR l l FIX)>) 
<rur .x 1 O>> 

. I 00> 

tlcc.--lnrr'- .X 1t1 lu· :l VL1"'TOR (0111~iui11l! :ti l<':'t\l <H1\"' rrx. ThC" 111or'° tt"\lriC'live [REST FIX) would takf' 
<'~C:C'''-tVC' t lu·c I 1 n~: t ilnr hy lhr inl<'I prrl('r. bC'C';\U!-C' 1hc RCSl of lh(' VECTOR \Vtulld be ch('C1't"d on 
e:lC"h i1r1:\1in11 n( tlof' M/\l'lt . lu 1hi' '"-' '<' hnth !\(Cl' nrr C'qually pn\vcrrnl. bC'CetU\C cllC'·Ck ing fh(' fi r st 
Clf'IU('U1 C•( 1111 111\• HI .s , .. nr ;\ .. ,,.UC"'IHrt" ("\'C'lltt1:illy ('l!C'('k.$ all fht- ('(('IUtfll!o. Al~n • .sincp the FUNCTION 
r<'(C"r'- nnl) IH lltr I it'-1 t·l('lllrlll nr X. lhi\ i~ :tfo. 111nrh <h•<"Jar:ttion as thf' COlltpiJer C:tn erfectively U~e. 
(If 1hi .. VI C l Cll\ .11"·;1\· '- 1·11u1 :1i11' n11Jy FJXC'\. it .. 1in11ld he a UVECTOR in~lt'ad. for .space e-fficicncy. 
Then ::t [HI SI I IXl l•l \ ' I " ' n11ld nt:tl.:r tltr inlC'rprC't<"r C'hC'ck only th(' UlYPE. Jf 1he fIXc.s cover• 
-"Uta II unu.nrL;_:tlivr 1;1Ut-:<'· lh(·u:. UY I t~ 111ish1 be ('\'Pll hellPr. with a OECL of <BYTES n O>.) 

<tll I JUI rA<'I (U) 

• Ill <~ I ( ( N) (llUSPI C.J l\l l"JX>) 
<C.Olll • ((07 .ll> l) (HS1' <• .II (Fl\CT <- .N l»>J» 

dcC"l;11·r .. . N In hr 1•( 1Vf"r f TX :uul llN~l'CCIAL. 'fhi\> ~prcially declaration C'O.sures lhal. independent 
of SPCC tAl -1101H ilur i11!:" <-n111piJiug . . tl grt\ cn11t1•ilcd i111n a fA$t control-$.lac:k rl'fcrcncc. 

< PROG ( ( l ( O ) ) 
•111 Cl ((I Vl\l lJf l <llUSrECl/IL <LIST (REST FIX)» 

(N) <llUSPICll\L FIX>) 
<COllO (<O 7 • II> <RE TURH • L>) > 
<SCT L (<+ . N <I .l» ! .L)> 
<S(I ti< - .N I>)) 

14.2 Dala·lype Declu;uion• 
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The- abo\·<' th.·\'l;'lrt'~ L ;aucJ N 1n be UNSPECIAL, .s.ay.s. ihat .N i.s. a FIX, and says that .L, along with 
the v:.luc- rC"turnC"d. ;,. a LIST of any lcng1h coutpO.s.C'd t"lllireJy of fIXe:.s.. 

Thi.!. :.rc linu f:i''<' .. 11u:t .. i. nNF produc-tio11J. for lhe tt.1DL OECL syntax. In the- following table J\1DL 
type·~J>C'C":ifirr .. :1rc di ... 1ingui .. hrcl 1n thi$ way. 

decl : : ; 

declprs .. -
at list .. -

Pattern : .-
pat : := 

unit : .-

struc ::: 

bstruc : : :Jo'. 

el ts : := 

opt : : : 

mr.CL (dnclprs) 

(i1Ll i s~) pattern dcclprs dcclpr s 

A/On• I "1ffo.ft1 ntlist 

pnt I <UtlSPECIAL pot> J <SPECIAL pat> 

unit <OR unit •• . unit> 

f.\ 'f:"~ <rflIMTYrE t y pe> I alo1n I ·~ny 
I AUY I STRUCTURCD I LOCATIVE I APPLICABLE 
J <strt1c clts> I <<OR stru~ ... struc> olts) 
I !($Lr uc clts> I J<<OR struc ••• struc> alts> 
I <bst.rue fh'< > f <bstruc fix f/x> 
J ,<bstruc fix f i x> 

s.lruclurcd-lypc I <PR1HTYPE structured- type> 

GYlCS I <PRIHTYPC BYTES> 

Pett.. I Pl•t.. el ts 
I [fi.v pot ... pat] 
I [fi.v pcit ..• pat) el ts 
I [opt pat pat) I (REST pat •.. pat) 
I [opl P•l ... pot] [REST pat ... pat] 

OPl I OPTIONAL 
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14,4. Gnntl DCCL• 

There ar(" !-0111e rule~ nf llu11ub co11cer11ing .. good .. OECU.. A ·good"' OECL is one that is tninlntaJly 
offcn.Si\'C' tn thC' OCCL-('hl'cking 1ncch:ini.~111 and 1hc co1npiler. bu1 that giv~.s the 1n2xi1nu1n antount 
of iu fnr1unrinn. 11 is . shnplc> to !-T:tlC \vhat givc.s offc:n$C to the cotnpiler and OECL-cht-cking 
tnf'ch;ini,111: ('n111ph•'\i t y. For rxa111pJe.:. Jarge con•pound OECL like: 

•O(CL ((X) <OR FIX LIST UVECTOR FALSE>) 

is a OECL th:tr thf" ("on1pilrr ,,· ill find tot:ally U.\Ple$5. It 111ight as. well be ANY . Th e tnore invoJved 
1h~ OR , Ille h.,,. iufnr111n1i,,111 lhe co111p iJcr "'ill find u~eful in it. For exa1nple. if the function takes 
<OR L I5T v rCTOR llVCCTOR>. m•ybc ynu •hould roally >ay STRUCTURED. Al•o. a very general OECL 
indi<"alt"(o :ti ' "<'t,r ~r 11rr:ll pt'O;'.:'r:tu1, , .. · lii ch i!I not Jilely to be cffic:icnt wht"ll c.0111pilcd (of conr.se there 
is a. rr:td(' 4 nff ht>•<"t N:irrn\\'ing Ille OECL to our PRIHTYPE gi,·r5 a great gain in cornpiled efficiency. 
to on<> TYrE .,, ill 111orc. 

t\nolhPr ~i111:i1ion In hP :i\·oiclrcl i.\ thr ordinary lnrg<' DCCL. even if it i$ perfectly straightfor,vard. 
If you In''' <• t"rt"nl('<I :i 'tr·uc111rE" \vhich hn.\ a ''ery ~µrcific OECL and is used all over your code. it 
n1igh1 be 0<"11l"'r a~:\ UEWTYPE ($t'C' lJL·Jo,v). The ad\·anrage of a NEWl'YPE O\'er a large explicit OECL ls 
t\vofohl. Fir,r. Th(' <'lltirC' .. rrucu1rc 11111~1 bc c:ltcckcd only ,..,hen it I.\ crca1ed. lhat i$, CHTYPEd fro1n 
it.s PR 1Ml Yl'F.. ,\ .~ ~ fuJI OECL . ii is chC'ckcU coinplctely on ~111ering each function and on each 
re:t $..\iguuu:111 nf /\lOMj. DECled 10 be:> it. Sc.>cond, 1he an1ou11t of storage .saved in 1he OECU of 
FUNCTIOU' .-.uc.J '" QH i~ large. not 10 111c111ion ahe effort of 1yping in and ke~ping up to date- several 
in~t:lU<"C'A nf lhr full OCCL4 

14.S. CJtth:il (IFCl .s 

14.5.1. GDE'CL ~ncl 111\NIFCST 

T htorf' :\re l\YO , .. ·ay$ to dE"clare GV/\U for rhe OECL-<!heclcing 111ecltani!otn. These are through the 
FSUBR GOECL ("i;lvbal dcclora1io11") and the SUBR HANIFE'ST. 

<GOFCL Jtfo1nt;:/lsl P;tffern •• 4 > 

GOECL alln\v~ 1l1C' cype/~1ruc1ure of global valueJ to be decJat"ed in rnuch the sa1ne way as local 
va.lucs. Exa111plr: 

<GDECL (X) FI X (Y) <LIST FIX» 

dcclare.s • X tn be- a fIX. a11d • Y 10 be a LIST containing at 1Ca$t one FIX. 

<MANIFEST <lfOm atom ••• > 

14.4 • 14.S.I Data-type Declarations 
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HANIF'EST l:ake& :J~ :1rg11111enl$ /\TOH" \vho.s.t GVl\U art dttlarf'd to M constants. It Is used 1nost 
com1nf\nly 10 indicate that (':t"rtain ATOMs art lhc- na1ne$ of off.sets iu 1tructurf'~ For rxa1nple: 

<SEIG X J> 
<MANIFEST X> 

aJf0\\'5" the cn111pifrr tn c-nnfirlC'ntfy <'flC'll·C·01npiJc applications O( X (getting thf' first eJe111ent Of a 
strucrur("), l..110,vio~ thal • X \viii nor c:hangt . Any sort or object cau be a H/\NIFEST value; if it does 
not get f'1nbt·ddC'd in rhe cnn1piJed codr. ii is includeod in the RSUBR's '"reftrt!'nce Vf"Ctor'". for fast 
;acct"\.S. 1 l<t\\'CVC'r. :15 a ~C'11C'raJ rule. structured object$ should not be n1ade HANIFEST: the SETG will 
.s.urv-ivC"' lo tit(' ~n-.1c1ilC'd \"('t.\ion {for lhC" use or new uncotnpilcd progran1s). but uses of CVAL wiJl 
in5IC"ad rt-f('r rn n ~ti~riu_Q c:npy of rhe object in each RSUBR that d~$ a GVAL. A .struc·tured ob~ct 
5houJd in.s.lt'ad bt> GOECL("(f. 

An atte111rt 1n SETG. a MANJff"ST ATOM ,,.·ill caus.r- au error. unlcM tither. 
(I) I he /\TOM \\•:t.i pre"\" iOU!>ly glob:ally uila!>!>ignt'"d: 
(2) th<" old \"nluc i5 :: ? 10 lhe utw valur. or 
(:l) • REDcr INE h 1101 f" ALSE. 

14.5.2. HAIUFES T? aud UNHANIFEST 

<HAHlf[Sl? atom> 

retur1131o T if ~tom i!> MANIJ!'EST. IFALSE () 01lu:rwiw. 

<Ut,Ml\N l FE Sl atom nlom ... > 

rc1nove.is. the MAf.firEST of the global value of each of lt$ argu1nenl$ $0 that the value can be changed. 

14.5.!I. GBOUflO? 

< GB011UO 7 ~to1n > 

(·gJobalfy lt(lu11t.1?•) rc1ur115 T· if 11/om h:t.5> a global "~aJue sloe (that i&. if i1 has ever been SETGed. 
H'ANIFES T. GOECl<"cl. or GLOCC"d (chapter 12) with a true second argu1nrn t). #FALSE () otherwise. 
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1 ~1.6. NrWTYP( ( ;tt;:.in) 

NEWTY P C: g i V<'' 1l1l" prngT.,llllaH~r Another '''ay 10 OECL ol>jects. The third (and optional) argun1ent of 
Nf!WTY l" C i~ :t OllOl Cd 1°;111crn. If giv("n. iT n•i lJ l>c 5avcd a.s the va1ue of au a$iOciatiou (chapter 13) 
us.ing rhc oan•r or chc- urwrvrc a i th<' itc111 and the ATOH OECL ai the indicator, and it will be used to 
check :iuy Ql.>j~c1 th:tt i~ ahout to be CllTYPEd ro the NEWTYP£ . For exa1nple: 

<m: wTYI'( COMPL(X• llUM!lER VECTOR '«PRillTYPE VECTOR> FLOAT FLOAT» 

creatr,-. n Ht'\\ TYl'F . \vi1h ir-. fi r~t t\Yo elen1euts declared to be FLOATs. If later soJneone types: 

/ICOMi'l.CX·l~VM!lER [I. 0 l) 

an C"rror \\'itl rt•,ul1 Cthe .S.<"<'OOd el<>111ent is. not a FLOAl). The Pattern can be replaced by doing 
another UC~TYl"C fnr lh<' .ba1nc TYP[ , or by putting a ntw ,·alue in the association. Fur1her 
cxa1nplr ... : 

<llEl.rl Yl'E F OO LIST '«PRIM TYPE LIST> FIX FLOAT [REST ATOl1]» 

cau.5es roo .. I" c-nnt01in A rrx and a FLOAT a.nd a;uy nuntbcr of ATOl1$.. 

<llEWTYPE BAR UST> 

<S CT A I BAR (l!lAR () I 1.Z GRITCH)> 

<llEIJTYPE BAR LIST '((PRillTYPE LIST> BAR [REST FIX FLOAT ATOii]» 

This i. .. :au <-Xaauplf' nr a r<'.:11rsiYC'I}' OtCLcd TYrE. NotC' that <1 .A> does not satisfy the DECL, 
becau5-e- ii i~ e1up1y. 1Jo1 it \\'a~ CHTYPEd hcrore the OECL Wa.$ aS$OC::iat~d with BAR. Now. even 
<CHTYPE < 1 .A> < TYPE < 1 .A>>> \viii C3U$e au t!rror. 

Jn f'flrh nf 1lu· .. r <'~!11111\Jr ... the <<rRTHTYrE ... > ••• > con5truction Wa$ used. in order to permit 
CHT YPEi "!! n 11 o h j<·rt i 11 l<t i 1 'C"J r. See- ,,·hat happens othe-r·wis.e: 

<ll( WTYPF. oors LIST '<LIST ATOii FLOAT»$ 
OOl'S 

<SET A <CHTYPE (E Z.71828) OOPS>>$ 
roors CE 2.71828) 

Now <CH1·y,..~ .A OOPS> \viJI r;t115e :tn error. Uuforrunately. you 1nus1 

<CllTYPC <CllTYPE .A LIST> OOPS>$ 
•oors (F. 2.1 10?8) 
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14. 7. Con lr<>Jli ng,,Q!;,l;_LC:J.!~!.!:. 

Therl' ar<" '-<'\·rral SltRR., and fSUBR" in P.tDL that are used 10 eontrol and interact with the DECL
ch~kiug 1ne<"hani!>1K. 

M.7.1. OfCl.- CllfCI( 

Thi!. l.'Ulitt" (·n111ph•:\: c.hC't'J.ing 111cchani~1n can get in the way during debugging. As a re$ul1. the 
1no$t cnu11nnuly tt'C'd OECL·('lfit'nlcd SU6R i.s OECL-CHECK. Jt is u.Kd to enable and di$.abJe the enti r e 
OECl.·chPcl..in~ 111rc:hani,u1. 

If il.s ~ingle :1rg111nrn1 ;, 11011.FALSE. OECL chC!'cl;ing I$ turnt'd on: if it is. FALSE. OECL cht"Cking I& 
turne-d off. 'fhe p1·("\' inu.!> ~tn.tf' i~ re1ur11ed a~ a \'alue. lf no a rgu111ent is given. OE Cl-CHECK return$ 
lhto <:urr<"nl ">l:ll<". In an inirial r-tOL OEC L check ing i.s 01t. 

'\\'hen n•:c1 C'hPC"ling i.o;, on, lhe f1ECL or an ATOM i.s chtc&ced each thne it i!o SET. the argun1c-nts and 
re-~ull~ of t"':tll'> 1n FlJUCTJOU ... RSUBR\. aud RSU.BR - ENTRY& are cheoc.ked. and thr valu•.s returned by 
PROG an<J REPEAT :tr<' ch<'<'~c<.l . ThC' )a111t i) done for SETG.s and. in p articular. attentpts to change 
HANJFrST !':lnh:.I \':llur~. Atlrntptt. tn CllTYPE an object to a NEWTYPE (if the NEWTYPE has rhe 
0 1>tionaJ 01:. CL) :lre al ... n checi..cd. '''hen OECL checking is. orf, none of the~ check5 is. perfor1ned~ 

14.7.2. SPFCl/11-Cll(CI( and SPf.ClAL•t:OOE 

<SPECIAL-CllECI( ldlse•Or·any> 

control .. \\.'l1rlhf'r nr nn1 srrCJf\L <:.hrcld ng is. pt'rfor1utd at run thne by. the interpreter. It i s i n itially 
o f f. F3ihart• tn cJeC"l:lrt" :111 fl.TOM ao be SPECJ/\L whf'n it s.hould be wiH produce buggy compi led code. 

<SPCC IAL -1100E speticlty:11tom> 

s.ei& lht" declar:ltio11 11\t>d by <f("faull (for f\TOt1s not decla red ipitht'r way ) and returns the p reviou s s.u ch 
dt"c.lar:ttion. Cir the \.~urrC'nl such dcelaration if no a rgu1ncnt i$ given. The i nitial decla ratio n u.ed b y 
d~fan l l i• UtlSPCCIAI . 

14.7.3. GEl-01'.CL an(I PUT-DECL 

GET-OECL n11d PUl-lllCL :\rt- 11.std to exa1nine and change the- current DECL (of t i ther the g lob a l o r 
t h e local valut>) of :lU /\TOM. 

<GE.1 -nrc1 lo<'d> 
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rerurn5- thr Of Cl r:a1trr11 (if any. n1l1cr\Vi$C IFALSE ())associated with the global or l~I vaJue- slot 
of an A10l1. Fftr C'x.-111pJc: 

<rROG (X) 

•OECL (( X) <OR FIX FLOAT>) 

<GET- DECL <LLOC X>> 
••• > 

\\IOUld return <OH~ lX FLOAl> .;t$ tl1e re~uh of the ap5>Jic:ation of GET-OECL. Note that becaus~ of 
lh<" u.sc of LLOC (nr GLOC . f or G10b;.tl vah1e5o) lhe ATOH being ex.a1ni11f'd 1nusr be bound: olhrrwi$e you 
\Viii f!<'I .in rrrnr! ~f'fli\ C'":\lt h<" gotten around by tes.tiug first with BOUND? (or G80UND?. or by giving 
GLOC a Sf"t'n1111 ::tt'!,:U111r11t \vhich i., nnt FALSE). 

If the ~fC)t l.iriug <'X;lll1ittt:"d ;,. th<> gJobal ~lot and tl1e value is MANIFEST. tl1eu the ATOH nANIFEST is 
returnrfl. If thr v:ilur h C'ing rx;11nint"d is not OCCLcd. IFALSE () ia. return~. 

< PUT-OECL locd P•/fcrn> 

1110\k<-co Pnr1,.,,, hf' Ille OrCI for the vaht<" a.nd rt'rurns ltxd. Ir <DECL-CHECK> i& true. lhe current v~lue 
auust ~ati,ry lh<" 11..-, ... ra 11 ern. PUT .. OECL i~ uor11101Jly used in drbugging. to change the DECL of an 
objcc:I tn <'nrrc.''P'•nd to changtl> in lhP progratu. Nole that it i~ nor lC!'gal to PUT-OECL a .. Pattern· of 
MANir£ S y· or HALSE (). 

14.7.4. OECL? 

<UFCL? ·"">' P~llcrn) 
s.pe-cifi<":t.Uy C'h("('l.~ ,,111y agai11~1 PJtflern. For exan1ple-: 

<OF.CL? '(I 2 3] '<VECTOR [REST FIXJ»S 
T 

<DCCL? '(I 2.0 3.0] '<VECTOR [REST FIXJ>>S 
~rALSE () 

14.8. OFF"Sr.T 

An OFFSET i ~ C"5o'C'lllially .- FI X \Villa <i Patlf:rn attached. con.sidered a~ an APPLICABLE rather than a 
IHIUab('r. ,\ n orrscr :tllQ\\'$ a. progr:un to ~J>C:-cify the type of .Structure that its. FIX appfie.> to. 
OFFSET~. lil.c OC CI ~ ... ir u.scd proprrly •• can 111alcc debugging con.siderabJy eas.ier; they wiJI 
eventn:ttJy :ll.,o J1rlp thie- contpiler gtuie-rat..- 111or~ efficient cod~. 
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The SUCR OFrSET 1:11..,·~ l\vn argu1nt-t1I$, a FIX attd a Paltern, and return.s au object of TYPE .and 
PRIMTYrc orrsc1. 1\u orrscr. likC' 3 FIX. n1ay bC" given a$ an arguntent to NTH or PUT and n1ay be 
a1>plird In :1rgu1nf'111~. Tf1<' nnly dirf<"rl"nce i.s that the STRUCTURED 2rgu1ncnt ntU$l ntatch the 
Pattern co111aiurcl in 1ht' Off SET, or .au f'rror will tf'.suJt. Thu5! 

<!i(lC roo <OFFSET I '<CllANllEL FIX»>S 
l'<OrrsrT I '<Clll\llll[L FIX» 
<FOO , JllCllllN>S 
I 
<roo <ROOT»S 
•FRROR• 
llRG-\IROJIG-lYPE 
HTll 
l IS!GHllG-AT-LCV(l Z PROCESS I 

Note: \\ hc-11 lht' ("n111piJer ge1.s ~round to unde-r.s.tanding OFFSETs.. it will not do tht> right thing with 
theau 1111JC'\\ thC")' :-trc M/\flJFEST. Since tlicre0

$ no good re.a.son not to 11ANIFEST 1h~111. thi.s i.sn't a 
1>roble1n. 

The SUOR IUO(X, ~i,·vu a.n OFFSET. return5> i1$ FIX: 

< INr>rx .r OO>S 
I 

GET-OECL nr ~n orrscT rl"t11r11~ Ille." a~~ociatcd Pa11ern: PUT-DECL of an OFFSET and a Pattern re1urns 
a llt!'\v OFfSfl \\'illi the- .,au1c lf4DEX a$ rhc :irgurucnt. bur with a new Pattern: 

<GET -DE Cl , FOO>S 
(CllAIHl[L f'JX> 
<PU1-11rr.1 ,I 00 OOlJST>S 
Y.<OFFS~I I ODllST> 
,FOOS. 
'l.<orrsc1 1 '<c11A1111rL FIX» 

J\n OFFSET i~ 1101 a bolruc1uretJ object. a.s thi3> t>.xau1ple .should n1alce clear. 

M.!l. Tl1.e_!~Suo~ 0£CL 

The R:r\llRR orc1 ;~ !.huil~r 10 tl1c ATOM DECL, except that the dcclararions are of argunt~nt position$ 
and valtt<'" rathc-1 fh;ln etf '(lC"Cific ATOl'b. Patft!ru& c::sn be preceded by STRINGs whic h further 
dt"scribe lht" nr~11111<'11t (or \'aJuc). 
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The ."-ilHJll<''1 RSlllUt DCCL is fnr an RSUBR or RSUDR- Et.iTRY (chapter 19) which ha$ all of it• 
argunu .... nl1' C'\·aJuaf<"cl a11d r<'turn~ a OECL<-d valur. For exan1pJe: 

! DCCL ("VALUE" fIX FIX FLOAT) 

dt"Cl:lrC''- 1ha1 lhC',.<' art" l\\'n ar~u1n<"11t~. a FIX and a FLOAT. and a re$uh which is a FIX . While the 
STRIUG "VALUE" i' no1 cn11~1 rained to ap1>ear ~t the front of the OECL. it doe$ appear ther4! by 
custn1n . it nr('<1 1101 app('ar at an. if lhc rt'.sult is. uot to be df!'Clared. but (again by c.u~tonl) in tl'i" 
ca:s-e it i' tl'u:.lly clC"clar<"'tl ANY. 

If any ar!-!'11111('11(' .. r(· 1,:•pti011;tl, the STRING •oPTIONAL• (or •op1•) i.s place-d before the Pattern for 
thC fir'\. I npt ioual :trj!Ulll<"nt: 

~nECl ( "Vl\LUE" FIX FIX "OPTIOtlAL" FLOAT) 

If any of rlu: arJ:ntu('1tl\ f;t. not to be t'v.11luarcd. ii is prtccdcd by the STRING •ouore•: 

"~tCL ("VALUE" FIX "QUOTE• FORM) 

d<"elar<"' nnC" :. ri::- u 11t<"'U 1. \\' laich i \ nor EVA Led. 

If the ;trg11111l·111 .~ arr' 10 l.Je evahH\led and g-athert"d inlo a TUPLE, thr Pattern for it is prec~ded by 
the STRlUG "lUPLE": 

•llECL ( •v111.ue· FTX "lUPLE" <TUPLE (RF.ST FIX)>) 

If the :tr'f:lllHC"111$ art" tn bC' ttllC'\':tlu:ucJ and g:athcrC'd into a LIST. or if thr calling FOR" is thr only 
""argun1<"11t'". 11tr r.,t1r1·11 it. pr<'C'C'd<"'<I by the :tppropriatc STRING: 

~DECL ("VALUE" FIX "ARCS" LIST) 

i'nrCL ( "VALur· FIX "CALL. <PRil1TYPE LIST>) 

lu e\·cry t·:t~'-· •ht• ... pec i:tl i1ulica1or STRit'G i~ follo,,·ed by a Pactern \Yhlch de$cribes the argun1rnt. 
c.ven 1hn11~h it 111,..y ~01ueri1uclo 1)rod11c:c fairly Judic.rOn$ T<'$-Ull.s • .since the Pattern for •TUPLE• always 
•nw.t bt- :i llJt'I E ; for "J\FtGs•. a LIST; and for "CALL•. a FORH or SEGMENT. 
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Chnp~er 15. Lexical Blocking 

L<'xicat. nr ''!"Ifie. hln('l.. iu,:: i.., annlltC'r 1nc;>~ns of prcvcnring idcn1ificr collision$ in P.tDL CThe first 
\Va.$ dy1i:11ui,~ hln<"l..iug ...... hinding and £NVlRON11ENTs.) By using a sub1et of 1he J\.IDL lexical 
bJo('liu~ f;, t'ilitiC',, the .. hfnck .\1ruc1ure· of such languages as Algol. PL/I. SAIL. e1c .• can b~ 
s.i1nula1C't.1. """"utd you \vish 10 do $0. 

15. 1. na ... ic (:nu,~itl('r:ttion\ 

Since \vhnt fofln"·' n11pto:-trs t('I IJe rarher c:o1upJex, a short di~cu»ion of the basic problem lexical 
blncking '<•f\'('~ anti f\10L's ba\ic .solution \Viii be gi\'Cn firsl . 

ATOH-5> ar(' idrut if iC'r~. Ir i~ thus t",,st'nti:.I tha.r '''hencvt'r yon type an ATOH. READ should respond 
\Yith rh<- uuifJUt• i(.IP11 li fier yon \Vi.5oh to de-.$.ignatt>. ThE> problc111 i-" lhat ii is unreasonable to expect 
1 he rr~A11Es nf <tll ATOM) 10 I.Jc unique. \\'hen you use au ATOM A in a progra1u. do you 1nean the A 
ynu typ<"d ,,,.n •uinut("'> ~~o. lh<' A you used in anorhcr ont" of your progra1u$, or the A used by .501ne 
Ii brary ()rn~ roi tn? 

Oy110tn1ic ltln<"~. i u!-! (p11 .!tt1i11g do,vn of LVAL.s) solves u1any such problen1s. Howe\·er. there are .son1e 
\vhi c h it cine-' nnt ·' '"'".<" - 'Urh a s .5tatc variable's (1vhctl1er hnpurc or pure). f\1.ajor problen1s with a 
~ystetn h:\\' ing onJr 1Jy11:a1nic lJJocL.ing usually ari.st" only tvht>n a1ten1pts ar~ 1nade to .5hare large 
nun1ber~ of ..,. i&11ifi<":tn1 progra111s a1nong 1nany peoplt". 

The .~olutinn t1'\C'd in i\tr>t. i~ h:t!'tically :as. follot,•s: READ nut.st 111ain1ain at Jc.a.st one table of ATO~ to 
guarartlfi'f' any 1111iqt1f't1f'~~ .. Sn. "tOL alfo,v.s. 111any such 1able1 and n1akc$ it eas.y for the user lo 
.specify \\' hi<h one i l't \Y:IHl<'tl. SuC'h a 1abte is an objecl of TYPE OBLIST \objec:t Ii.st .. ). AJJ the 
con1pli<";1tin11 "·hi ch folio'"·' ;\rises out of fl de.5oire 10 provide a powf!'rful. e-asily u.sed 1ne-1hod of 
working \Vifh OUl.lSJ.s. n•ith rca$OuaLlc vah1c-s U.$Cd by default. 
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15.2. ORLIST~ 

Au OBLIST i' nf l'RlllTYPE llVE.ClOR with UTYPE LIST ; th• LIST$ hold ATOIU. (The ATOl1s are ordrred 
by a ha !th .. ·ntlin!'!" <'II t h eir P"AM~ c:ach LIST i$ a ha$.hing bucket.) \Vhat follows is infor1nation 
a.bout OnLJST$ a~ ~11c-J1. 

15.2 .1. OllLIST Nam<-. 

Ev~ry n<u·111.-lly c-n11,ti111t('d OllllST h a $. a n2111e. Th~ na1ne of an OBLIST is an ATOH as$0Ciated with 
the OBLIST unt.lt>r tht" indicator OSLIST .. Thu~ 

<Cr~rnor ol>lf•I OllllST> 

<CrT ooN•I Olll TST> 

return:. t h~ n ;iut e of obits!. 

Siluil.arly. <'Vf'ry 113HU!· of au OBLIST i.s .as$ociatt'd wjth lts OBLIST. again und~r the indicator 
OBLIST. ~n 1h;i1 

<GETrRor oblist-n~nu:t:ato1n 08LIST> 

or 

return.~ th~ OBLIST , .... hO'-t" 11a1uc i~ oblist-n~mc. 

Since- thrrr i..\ 11n1 ldur: ~J)C'C"ial aLn111 1lac a..\~o<:i at ion of OBLIST..\ and their nan1~$. l he natne of an 
08LIS l t__•:in hE> ('l1:t11 g<"<I hy USC> oC' PUTPROP. both on th e OBLIST and its. nan1~. It is not wis.c to 
ch:'lng<" lhC' OB LlS T :t\,OC':i:llioo \\·irhout changing thf' 11a111e a&$OCiation. since you a~ l ikely to 
c.onft1.$>C" RCAO ;lnd PRlUT lt'rrilJJy. 

''ou Ciltl nl'-C"t "'" J.'ll I nr r u1 PROP to rt>1no\•e lh<" <1s~oci:11ion bt"IWCl'll an OBLIST and ils na1n~ 
contplt•lt·ly . If you \V:tlll lhl.:' OBLIST 10 go a\v:1y (be g:.rb3ge collectN). and you w;ant to ke~p its 
ll:'ltll t' :trn111ul. 1Jd<. 111u\t l>l· do11r: (lChcr\Yi-,t' ll•C' a\\Ociation \\.' ilJ force it 10 ~tay. e\'en if 1here a re no 
oth<'r rC'f<"1·f"11 e r<- tn i1. (If rnu h:t\'C' no rC'fcrcu<:c\ to clchcr 1hc nan1c or the OBLIST (<1n ATOM -
including t\ 1 YPI t1:\u1r .... pniut., io its. OOLlSl). bn1h of 1hcn1 •• and che-ir a~.sociation - will go away 
\Vitlu>ul ynur h:1v i11g to 1·t•1nn,·e lht" :.~\oci:\liou. Qf cour)t.) II is 1101 reco1n111ended that you re111ov~ 
the IH'lHIC' nf ;an OOLTST \vi1hout ha\'il1g it go an·:..y. ~ince then ATOM.s in lhal OBLIST will PRINT the 
.s.a111e a~ if •h<-)" \\' f'l"t' i11 HQ ORLIST •• '\'ltich is defeating the purpo.s-c of this whoJe exercise. 

15.2 • 15.2.1 Lexical Blocking 
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I S.2.2. t10Bll S l 

<HOBLTST ~tom ftx> 

( '"111al..t" nhli .. 1·) <"rf':\lt"'i> O\tuf re1ur11\ a Hf\V" OBLIST. C<lnt:aining no ATOMs.. who~ nan1e j,s. •fom. unle.Js 
1herC" :.lrC':td \· ("Xi~toe. ;an 06llST o( lh<'t 11:u11e. iu 'vhich C-a.'t~ ii r elurn$ rhe exi$ting 08l1ST. fix is. the 
3-iZC or ···~ OnL lST ("(C":llC'd ... lhC' 1n11nbcr of ha.5oh i11g buckets. fix is optional {ig nort-d if lhe OBLIST 
:alrt":.dy t>:'\:i. .. 1~). 1.3 hy rfc"fault. If specified, liJt should be a priane nu1nber • .s.ince that allows, the 
hashing tn \V(lrL: Ot-ner. 

I S.2.3. Olll !Sl? 

<OBLIST? r'I011•> 

'"turn~ ,i' fJ\L~E' ()if ;ilo n• i.s nor in any 06L IST. ff <Jlorn i.s in an OBLIST. it returns that OBLIST. 

READ c:iu h<" r .'l\plic i rly cnld to fl'lok up an ATOM iu a particular OBLIST by giviug the ATOM a traile-r. 
A trail<"r ("nt,..i,t" nf 1l1r <'h;\r'acicr~ ! - (cxcla\nation-polnt dash) following the ATOM. i1111nediately 
follo"vf'd hy 1he 11a1ue nf thfi' OBLIST. For ~xatn(lle, 

A!-00 

sp("cifie' the 1111i'lue 1\10"1 of PUAME f\ \\•ldch is in the OBLlST \vhose na1ne is 1he ATOH 08. 

Nott" tha1' lh<" ua1nC' of rl1C' OOL!ST tnn~t follo\\I tht !- \Vith ill!. separator.) (like s.pace, tab, c a rriage ... 
rtoturn. r1c.). ThC'rc i.!. ;i 11atnt' u.~rd hy dc-fauh (s.eetion 15.5) which types out and is typed in a.s 
! -sep;trit/Or. 

Trail<"r~ c.a u hr ut.rcl rrcur~ivefy: 

B!-11!-00 

$peciri<"., lh<" 11ni'lll<' A TOM of Pt.JAM( U \\'hich i.\ iu lhe OBLIST whoM> na111e is, the unique ATOH of 
Pll/\ME A \vhi\"'11 j, in 1l1 t"' 0HLl5T ''' hO.'\e 11a1ue is OB . (\Vhe\v!) Tht repeti1ion is, terattinated via the 
JooJ...up a11d in~C"rri1'l11 O«'<'r'ibt>d bt>lo\v. 

I f an ATOM \\'ith a t:i"<'" rtsl\M( i~ nnt fouud in 1l1t- OBLIST .specified by a tr.ailer. a new ATOM with 
t hat PNl\HE is C'rea1,~d nnd in~trccd intn th:tl OBLIST . 

If an OOLTST \vho'<" 11a111c L\ given in a trailer dor~ not <"Xi$t. READ creates one, of length 13 buckets .• 

15.2.2 - 15.3 Le><ical Blocking 
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If r r-.i 1<"r nn1:ttin11 t .. nnt U"<'<I (the 
00

uoru1aJ"' c:~sc). and for au ATOH th.at ter1uinale.s a 1railer. READ 
tooJ.:;< up fhr l'r~Atlf' nf thr ATON in a LIST of OBLISTs, lhc LVAL of the: ATOH OSLIST by default. Thi.s. 
lo()J... -up !-l:lrl' , .. ·iat. <l .OSl . lST> .-ud ('(lU1inuc.s ontil .OBLIST i.\. exhau.sred. If the ATOH is not 
f ound. RE/\O u ~u;1lly h1\c-r1.s. ii inco <1 .OSLIST>. (ll is pos.s.ibJe 10 force REAO 10 u.se a diffel"ent 
cl<'•ll<'UI nf rh<" LIST nf OfllIST.\ for new in$>Crtious.. If the ATOH DEFAULT is in that LIST . the 
OBLIST fnUn\vfus rh~t ATOM \viU be u.1.C'd~) 

\Yh<'n rRJUT i~ £i''("U an J\TOt1 10 output. it output& .a~ li1tle of lhe trailer as is. He'Cf'..$>$.at'Y to speocify 
the ATOM u11i'}11<"Jy In R[AO. 'rh:ll i~. if the ATOM is lhc fi rst ATOH of that PNAME which READ would 
f'ind in ii-.. 11nr111:~1 lnnJ..-11p iu tl1t- c-urrC'nt .OBL IST . no 1tailtt is output. Otherwise. ! - i-5' output .and 
the uaaue of the OOllST i~ tt·c11r$i,·rly PRJUled. 

\Yarniu1:: 1hrr(" ar-t" nb~curC" c,a., r$. \vlii<"h do not occur in norn1al practice. for which the PRINT trailer 
recur~ion •l"t"' nnt l<"r1t1i 11.-1e. For ins1a11t:l". if an ATOM 1nul-1 l1ave a trailer printed. and the na1nt- of 
the OOLIST i., ::tn ATOM in that \'ery $:11UH~ OBLIST, d~ath. Any .shniJar circular case will al.so give 
PR 1NT a hcrni;i. 

15.5. Initial St:.tc 

Ju ::tn iui1i:.I l\tfll. .. OGllST t:t.J1Hai11$ t\YO OUllST.s. <l .OBLIST> initi.aUy contains 110 ATOMs. and <2 
.OBLIST> rnnt~i11• ~II th• ATOM• who•e GVAU. are SUBIU or FSUBR•. a> well as OBLIST, DEFAULT, T, 
C"tc. It it. tli f(i<"ult rn ln~c tract of the Jattcr: the &J>Ccific trailer ! -st:parator will al\vays caus,e 
referC'ttrf" rn 1ha1 OBI JST. 111 arlcJilion. the SUBR ROOT, ,.,·Jdch tal.:e$ no argutnents, always returns 
lh•t OBL rs T. 

ThP na111r nf <ROOr> ;., ROOT; thi.5> ATOM i$ in <ROOT> and would c.au$e infinite PRINT recursion wert" 
ir 1101 fnr t l1e- ""'" nf ! - t:f'pJrdfor. The 1H1n1(' of the: initial < l .OBLIST> is INITIAL (tcally 
UUTIAl ! - ). 

The ATOM 00.LIST :al"n ha" a GVAL . • OBLIST i_s, initially the $31UC as .OBLIST; hon1 ever •• OBLIST is 
nnt :tfft•ct('d hy thl' suun .. U<;c_>cj 1n IH:\nipulat<.- the OBLJST structure. It is instead used only when 
error~ nccur. 

In the t"a"C" nr :l.11 f"r1nr. tltc- currcor .OBLIST is cltcca..cd to .sec if it i.s "rc:e&onabh.·- - that i$. contains 
nnrhing nf tlic- h ' 1011!! lYrF . ( Jr i\ rC":l,flnahle. bur 1101 st;anda.rd. for .OBL!ST to be a .single OBLIST 
in~t c:i<J <"fa L IST t1f rlu,;111.) If ir it. re ... ~c1u;abJe. thill \'alup .5-tay& currPnt. Otherwise. OBLIST Js SET to 
.OBLIST . Nn1c lh:tt change-~ ana.dr ((I lht' OGLISl$ on ,OBL I ST ... for exa111ple. new AlOMs added -
r<"111:.i11. 1r r,·rn .on1.1sr ~i.s 11nrr:asonablt". 06LIST is SCT and SElGed 10 ii$ initiaJ value. <ERRET> 
(section 16.-S) :th\':l}' ~ :t~"1111u•.s lhnt .OOLIST is unrea.,onAble. 

15.3 • 15.5 L~xic.al Blocking 
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Thrtt otht'r OBL lS t~ exist in a virgin l\fDL: their nau1e5 and purpo-Se".s att as. follow.s: 

ERRORS!- <'Ontain~ ATOii\ \vho~c PNAMU att u!oftl as error 1n"uge.s.. It i' returnnl by <ERRORS>. 

lUJE.fU{UPIS!- i~ U$t'd by the interrurt .sy.stf'tn (.section 21.S.l), 
<INTERRUPTS>. 

11 is. returnted by 

HUODtl; ! - i~ 115NI infrC''ltt<'ntJy by lhc.- int<'rprctt'r when loading co1npilcd progran11s. to fix up 
rc-ft-r~ucc-,, to lnc::iitions. within the interprf'lf'r. 

The pr<'-fn:.c-ling of ('nn1pilcd progratn$ 1nay c,rcatc other OBLISTs in an initialized MDL (Leobling. 
1979). 

ThC$C' SUOR1o ar(' ;t ualng<-11\ to bC'gin and ~ in Algol, etc., in the way they naanipulate static 
b l ocJ.:iu!! (~nil in!!!!. nrl1rr \vay). 

(BLOCK lcok-vp:!t,/-of-.ob!ists> 

rcturn6 it~ ;irg11n1('n1 a rtcr .. pu.shi11g
00 

1hc current LVAL of th~ ATOH OBLIST and snaking its argu•nent 
th~ current l.VAL. \*nu u~ually \Yant <ROOT> to ht" an elen1ent of look-up. nor1ually its la.sl. · 

< EllflBLOCK > 

.. POJ>S- lhe LVAL a f thf' J\.10tl OULISl and return.s tht> re..suha nc LIST of OBLISTa.. 

Note that tl1i\ ""pu~lting .. and ·popping"" of .OQLIST i.s enlireJy iudependent of functional 
a pplicatinn. hintlin~. C'IC. 

15.7. SUHR' ,\ ~ . .-.nc-iatrtl \vi th l.exicO'll Blocking 

15.7.J. R(AO (again) 

<RE/\O <l1.i11ncl cot-roulinc look-up) 

Thi3> i,. :. full<",. c.alt 10 R(J\0. look -up ll :tn OBLIST or a LIST of thcn1, U$ed a s ..stated in S(!Ct ion 15.3 
to looi-. Ht, J\10:1.,, nnd in.-.Prl the111 in OULtST.s. If it is not speclficd .• OBLIST iJ. wed. Stt a lso 
..section& 11.l.l.J. 11.!l. and 17.1.3 for 01her argu1nent.s. 

15.5. 15.7.1 Lexical Blocking 
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15.7.2. rARSE ~"'' LrARSE fag~in) 

Jll$ \Y;l:\ pr(',·inu~•y 111<"ntio11Nf. appliC'.s. REAO's aJgori1hn1 10 siring and returns the fi r st MDL object 
rf!'.sufriug . Thi' iurlut1t".'\ lc:tol.:iug up pros.pcctivc ATOM.son fook~up, if givt-n. or .OBLIST . LPARSE can 
be" c"'lle,·I in rhe ·';\11tc- \vay. See al~o ~rions. 7.6.6.2 and 17.1.S tor 01hl!"r argu1nents. 

15.7.,. LOOKlfl' 

<LOOKUP ~tr1n.t:t. obli$f > 

return' rhr fl. TOH nf l'N/\f1C $fr,n~~ i n the OBLlST obllsf. if ther~ is .s.uch an ATOH ; otherwi~. it returns. 
NFALSE (). tf $ l1 l 11: : \vnufd f>/\.RSE into an A10f1 anyway. LOOKUP is fa$ter. although it looks. in only 
one OBLIST iU!io\("at,J or a LIST of theu1. 

15.7.4. ATOM 

crea te\ and r<-lurn\ ~ $.panking new AlOH of PNME slrine which i.s gu2ranteed not to be on any 
OBLIST. 

A 11 A lOM '"'hi ch i~ 1101 011 :111y OBLlST is. PRif~Tcd \\1 ith a tra iler of !-#FALSE (). 

15.7.5. REMOVC 

<REMOVE ~/1 1n;. obhst> 

re1nnv<'' fhr J\TOi1 nr PNf\ME ~lrlns front ob/isl and rc1urus that ATOH. If there i" no such ATOH,. 
REMOVE'~"" 11> 6fJllSE (). Also, 

<AE'MOV[ olorn) 

re111e>\'f!S. ~1to:n rrcHu it\ OULISl. if Jt is. on ouf'. It retur115 atom if it wa$ on an OBLIST; othe"rwi~ it 
returub> HfALSE' (). 

15.7.6. HISER T 

< WSCRT $/l'1ns. -or-alom ob/1st> 

15.7.2. 15.7.G Lexical Blocking 
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crf>at~.\ ;lit ATOM nr rUAHf' .-.trin;;. in.,t>rf$ it into oblisl and returns it. If there- is alttady an ATOM with 
th~ ~:11ur ruA1'1E =-~ • ..,lont in ol>list. ::in ("rror occur3'. Thf' standard way to avoid the e-rror and alway.a 
get your tt/On• i~ 

<OR < t~UP slrinf: oblist > <INSERT $fril'lS oblist> > 

A.s with REMOVE. JUSERT can al~o take au ATOM a$ il$ fir$f argunu~nl: thi5 ATOH n1u.st not be- on any 
OOLIST - i1 1011~1 ha,·<" hrcn RtHOVfd. or jn5t crcat<'d by AT0.'1 - ebe an error occur.s.. Th~ OBLIST 
arguntlf"nl i' ~!"..'.:.!:! nptinual. If yC"lu \-.oould li&ce- the ne-w ATOH to liv~ in the- OBLI.ST that READ would 
havlf' <"hn~u. ynu C':\U <PARS-E siring> in.sicad. 

15.7.7. ""''"" 

< r HA>tE a/om> 

return1- a SlRtflG {ne,vly critatt"d) 'vhich i$ ;dont'$ PHJ\M[ (-prinled nam°e1. If trailer.s are not need~. 
PNAHE i~ nutch fOl'>ler thau Ul~PARS£ on at0m. (lu fact UNPARSE ha.s to go all the way lhc-ough thr 
PRIUT al~nrithnt f\\.· icc .. the Cir.st thnc 10 .!.C'C how long a STRING i• nttded.) 

15.7.8. Sl'l~AME 

SPNAMF ( .. ~h:1r<'d ptint<"d uau•r1 i~ idC"n1 ical tn PNAHE. except that the: STRING it returns .s.haret. 
.s.tor.age \Yith .1fo111 (appc1uJix Ji. \vhich f$ 1uore cffici~nt if th~ STRING will not be tnodified. PUTling 
into ~U<'h a STRIHC \\.•ill cau.!.e au error. 

15.8. Ex=-1npl<": ;\nnthl'r Sohllion 10 tl1e IN.C Problcnu 

What foll(')\v.s i.$ an f"xan1ple of the '''"Y 06LIST.s art · nor1nany• us.ed to provide ·externally 
a\·aiJnble"" l\lOt·t"So nnd ""lo<"'af" ATOH.!. \\·hic.h are not $0 rt'adily available ._.xterna11y. Lebling (1979) 
dcsc:ribt"~ a ·')'$l("1uatic \vay co acco1upli&h the $;uue thing and 111ore. 

<HOBllST lNCO l> 
;•create an OBLIST to hold your external symbols. 
Its n:.me 'is lNCO!•INITlAl!- .• 

INC! -HICO 
;•Put your external symbols into that OBLIST. 
Ir you have many. just write them successively.• 

15.7.6 - 15.8 l.exic..1 Blocking 
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<BLOCK (<M08LlST INCl! - INCO l> <GET INCO OBLIST> <ROOT>)) 
:"Crcnte a local 08lIST, narnin!) 1t INCI! - INCO , and set up .08LIST for 
r~ading in your program. The OBLIST I NCO ts included 1n the BLOCK so 
Lhnt ns your cxtornal symbols are used. they wi 11 be f"ound in the 
r iQht. plc1cc . HoLc that the ATOM INCO is not 1n any 08LIST or the 
BLOCK; therefore, troiler notation or !-INCO will not ·work within the 
currnnt ULOCK -F.NOOLOCK pair.• 

<OEFillE me :·rnc is round In the IllCO OBLIST.· 
(A) ;•A is not found and is thererore put into I 'NCI by READ.• 
•nrcL ((VALUE A) <OR FIX FLOAT>) 
<SET .A<+ .. Al>>> :•All othor ATOtts aro f"ound in the ROOT.• 

<EHOllLOCI; > 

Thitt e-xa1nplr i~ rnthrr trh,.i:.I. hot ii contah1s 211 the iMuCJ. of which ther e a tt 1hrtt. 

Th~ fir"I id(·:t i~ ll1;\t )'<'U ~hould crt'ate 1h·o OBLIST$, one to hold ATOM.$ which are to be- Jc.nown to 
nrhcr U 1'("rt. < 1 UCO}, :-.od rhc n1t1("r IQ hold intcrual AT011.s which are n ot nor-u1aUy of intere1t to othrrs 
(!NCI). ,.hr r-a'I"' lllltn\'C" h:t' nnr ATOl1 in c-ach calf'gory. 

Scconct. INCO i' <'="'plir.i1 ly U$t'd \\'i1liout trailer& $0 that &urrounding 8LOCK1 aud ENOBLOCKs will have 
an cffc-c-1 on ii. Thu~ !NCO '"'ill he iu the OOLIST dC$ircd by the us.er: ItlC will be in INCO. and the 
U.St'r C!lll r~ft't 1n il l.>y ~:tying lNC!-JNCO:; rr~Cl \viii al$O be in INCO, and c.an be r~fcrrcd to in the 
.a.a1ne \vay: fin:.Uy. /\ i~ re:tlly A!-INCI! - INCO. Th~ point of all thJ.s i~ to $tructure the ne1ting- of 
OBLIST .. 

Finally. if for .,,nn1C' rea\ou (like s.aving $forage .space) you wi&h to throw INCI away. you c.an follow 
the EHDBLOCt.:: ,,,.itla 

<RFMOVE • mer · <GET INCO ORLIST» 

and thu& rc1110\'(" all r<'fcrencc-,,_ to it. The ability to do wch pruning i$ one re-as.on for structur;ng 
OS LIST rcrcrc-11,-;c.s. 

Note that. f'\'f'll after retnn,· iug INCI. you can "'set A back"' - that i~. be ablt" to type it in - by 
.saying !-QlllC"lhin~ nf Cf•<.' fortu 

(JUS~RT <I <I ,lUC!-JNCO>> CJ .OBLIST>> 

I hereby grnl.»1Jin~ f\ 0111 of lhe ~truclure of INC and re-htsertiug it into an OBLIST. However. this. 
rr1urrcct:. th<" 11an1c colli .,ion caused by <INC!-INCO A>. 

15.8 Lexical Bloc:lcing 
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Chapter 16. Errors, Frames, eta. 

16.1. LISTEN 

This SUBR taltes any nu1nhe"r of argutnents.. It rirst chtck5 the LVALs of INCHAN, OUTCHAN. and 
OBLIST for re-a~onabiJi1y and rcr1ninal usability. Jn each cas.e. If the value i.s unre-a.sonable. the ATOH 
i.s rebound to rhc corre.spondin g GVAl. if re-a"°nablf'. or to an invented rta$0nable valu~ LISTEN 
then d<><'• < TTYECllO • INCllAN T> and <ECHOPAIR • INCHAJI .OUTCHAN>. Next. it PRINT• It• 
argumf'nt.s. then PRINTS 

LISTENING·AT- LEVEL I PROCESS p 

where I is .:an Integer (FIX) \Yhich i5 incren1enre'd each time- LISTEN is called recursively. and p i• an 
int<'g<'r identifying the PROCESS (chapler 20) in which the LISTEN wa• EVALed. LISTEN then da..a 
<APPLY <VALUE REP». i f there i• one, and if it i• APPLICABLE. If not, It applies tht' SUBR REP 
(withonr 1n:tkiug a nen• FRAME -- .s-ce bl:'low). This. SUBR drops into an infinite REAO-EVAL .. PRINT loop. 
which can be lefl via ERRET (s.ection J6.4). 

The &tanctard LISTEN loop ha$ two feature$ for ge11ing a handle on objects that you have typed in 
and MOL ha.s 1y prd out . I( the ATOM L ... JNS ha.s a local value that i.s a LIST,, LISTEN will &ttt-p 
recrnt iuput.s ( \\lh:tl READ returns) in ic. most recent fir.st. SilnilarJy. if the ATOM l ... OUTS ha.s a local 
value that is ;11 LI ST. LISTEN will ke-cp rt'cent outputs (what EVAL returns) in it. most recent first. 
The lceeping is done before Che PRINTing. s.o that "S doe.s not defe..at it.s purpose. The user can 
decide how 1n11ch to keep around by .setting the length of e.;11ch LIST. Even if L-OUTS i.s not used. 
tht' atom LAST- OU T i> always SET to th• 1 .. t object returned by EVAL in the :.tandud LISTEN loop. 
Example·: 

<SET L-INS (NEWEST NEWER NEW))$ 
(NEWEST NEWER NEW) 
.L-:INSS 
( .L-JNS NEWEST NEWER) 
<SET FOO 69>S 
69 
<SET FIXIT <2 .L-INS>> 
<SET FOO 69) 

16 - 16.1 Errors. Frames. etc.. 
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.L-rnss 
( .1.-lllS <SCT rrxn <Z .l- I NS» <SET FOO 69>) 
<PUJ .runt 3 IOS>s 
<SET FOO 105> 
<EVAl . flXHa 
10~ 

. L - mss. 
( . l-ll<S <EVAL .FIXIT> <PUT . FlXIT 3 !OS>) 
.rOO$ 
105 

16.2. ERROJi 

147 

Thi.\ SUCR. i \ lht• ~;i1nc- :i~ LISTEr~. t'~Cl'JU lltat ( I) it genrrates an interrupt (chaptf!r 21}. if f?nabJed. 
and(?.) h rRTtJJ, • r HROrt• lu:·rnrc PRtNTiug it• argun1('1t1.5. 

\\'hcu :tny SUBR nr FSUBR dl'"t<"ct~ :tu auonlalous c:ondiriou (for exa111ple. its argu1nf'nts ar·e of the 
wronr.: TYrr.1. ii (',\Jf~ CRROR \vith a1 lt".'l\l l\\'O argu111~11ts. including: 

(I) :.11 l\10N ,v1in .. r r'N/\MC cl("\("ribc.\ Iii(' Jll'ob lC'1n , nor111ally front the OOLtST ERRORS!- (appeudi>C 
·I\. 

(2) lhc A TOM I fi;ll t1!ltHt"~ lhe SUBR or FSU8R. and 
(~\ ;iuy otllC'r i11for1nation of iut('t'C'.\L 

:ind !..!!£..1~1.t'111r-11 .. '''h:tlr\•rr 1hr c :lll 10 ERROR reo111rns. Exception: a few (for exantplc DEFINE) will 
13kf' fu r1 lte•· :tC'li"' 11 th:t1 tlrpr11d~ nn the \·alue r<"rurnt'd. This non-.standard action it .specified ;n the 
error IU('"~~t::•' (fi1~1 F.RROk ar!!'1uue11t). 

16.3. FRl\M.!; ... ltf.!.Ll.l'.I'..~! 

A FRl\t1r i"° 1hr nh,ir<' I pf:tr<"fl nu ;i PROCrs~·.s con1rol $1:\C" (chapt<'r 20) whent-vcr a SUBR. FSUBR. 
RSUSR. nt' RSllHR - l: "IUY (C'li:tpl('r l!J) 1.\ :tppliefl. (The.se obj<'ct.s art- lu:rein colfectivt-ly called 
.. Subrn111iiu.-.. ·-., 11 ('"01tlnin$ i11for1n:\1 io11 dC'$C'rilJi11g " ' hat ' Ya.s applied. plu) a TUPLE whose elenient.s 
arc lh<' ;ll"j!' 1t111ru1-. tn lh<' S11l>routi11(' applit"d. If any of the Subroutine's argu1nent.s are to b~ 
~valun 1 ('<i. 1l1t•y \Yill h;i'\"f' hC"rn hy lht' 1i1ne- Iii<' FRAME i& gene-ratt'd. 

A FRAME i .. n11 :s11n1unlo11~ TYPE in lht' (oJloh•i ng w~ys: 

(l) II C':lH IH''I hC' typC"d i11. it can Ii<" g<'o('rnt('d only by applying a Subroutine. 

(2) 11 ctn('\ 11n1 IYf'<' 0111 in any st;ludard for1na1. bu1 ralhtor a.s IFRAHE foJJow~d by the PNAHE of 
rh<> Suhrn11tin(' :\pplird. 

16.1 • 16.3 Error.s, Fratues. f"tc.. 
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16.S.I. ARGS 

<ARCS lr-'11.e> 

15.S.Z. FUNCT 

<FUUCT f1..,11te) 

(-f'unclinn'") ''"'"'"·" ih .. ATOM who.st!' C/LVAL is bting applied in Ir.a.~. 

16.3.3. F"RAM( (rhc SUr.R) 

<FRAME ft Arne> 

f"<"ruru' rnt- rRJ\.r1r .t-taC"k<"d ~ fr~1.1e or. if the-re i~ nont. it wUI gen~rate an error. The oldest 
(lo\vr"'t) r R/\lll lhllt can Irr rcruru('cJ "''i1hont C"rror has a FUNCT of TOPLEV£J... If called with no 
argurnettt.4.. FR/\ME rt"turn.!> rhe topnto~t FRAME u~ed in an applic.ation of ERROR or LISTEN. which was 
bound by the- i111c1·1.>rc:tf:r 10 1Jic ATOM LERR\ J - INTERRUPTS (·1aJt error'"). 

16.3.4 . £x:a111ph·~ 

Say you l1:l\'<" soi tcu an <'rror. \'ou can no\v type at ERROR'$ LISTEN loop and g~t th ings EVALe-d. 
For ex:antplr. 

<rUNCT CfRAMC>>S 
fRROR 
<~UNCl HRAM~ <FRl\NE>»S 
lht-n;.unc-of·flu:-Subrovltnc-\~·hich-callcd-ERROR:Rtom 
<ARGS <FRAME <FRAHE>>>S 
lhe·~nr::.umenl<-/o .. fhe-Subrovtine·whlch .. c-alled-ERROR:luplo 

16.4. ERR!: ! 

<£RRfT ~''>' fra1,,(I) 

Thi& SURR f'rrrnr- rcrurn .. ) (Jl C':tll,C".$ rhr con1rol stack ro be stripped down to the Jevel of frame, and 
(2) !.!!..!.!! rf'lurn~ ;:;oy. The" uel rf'~ult i~ 1h;1t th" application which genrr.ated fr•me i~ forced to return 

16.3.1 - 16.4 Error$, Fra1ne.5. etc. 
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anv. Addi1 inn:tl ,!.tdc;.· C'ffc:ct~ tha1 \vouJd have happened in the- absence of "" error n1ay not have 
,,a,,p<"U<'d. 

The ~e<•111(I nrt;tt•tt<'lll tn ERRET i" optional, by default lhe fRME of the lasl invocation of ERROR or 
LISTE14. 

tr ERRF 1 i' rallc-cl \\•ith !!!! 2rguu1t"nt.s. it drop$ you ~the way down to the bottorn of rite controJ 
~tacJ. - !tc-f!'rc; lh<' lt>\' t•J.J LISTEt4 1001> - and then calls, LISTEN. As always. LISTEN first ena,ures that 
~lDL i• t '<'CC'f>li\'C'. 

Exa11•1,k-': 

<• 3 <+ a l>>S 

• £ RR01t• 
l\RG-WP.OllG-TYPE 
+ 

I TSTrtHUG-1\T-LCVEL 2 PROCCSS 
<llRGS <FRllME <FR1111E»>S 
[ " I ] 
<CRRCT 5>!. 
lS 

:•This causes the + to return s.• 
:•finally returned by the•• 

Note that ''-'hen y nu :ire iu a call to ERROR. the- n10.s.1 recent .set of bindi11g5 is a.till in effect. This. 
1nean.s rhat ynu c.111 rxan1i11<' v"lu<-s of dnnuny variable~ while .still in the- error state. For exa;n1ple. 

<DEFillE F (II •11ux· (U .... string•)) 

€DCCL ((VALUE) LIST (II} STRUCTURED (B) STRING) 
( .B <RCST .AZ>) ;"Return th1s LIST. • >$ 

F 

<F '(!)>$ 

" [ RROR• 
ou1 -or-noutms 
REST 
LISTEllrtlG-AT - LEVEL 2 PROCESS I 
. l\S 
( I ) 
.BS 
"a str1nn"' 

<ERRCT '( ~ )> ; "Hake the REST return (5).•s 
("a sVlng" (5)) 

16.'! 
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16.5. Rf. 1 RY 

<RE TRY l1 "1nt~) 

c.:1u-st"_, •hf' cnurrol .-.1:.~l: to ht- !.trip5>NI do,vn ju..st beyond frame. and then ca.uses rhc Subroutine caJJ 
that gc11era1t"cJ f1 . 11or rn bt" <.lone- ~gain. frame i!lo optional. by defaulc ti~ FRAME of rht! la.st invocation 
of ERROR <:tr l!STEf.I. RElRY c.Jiffcrs fro1n AGAIN in rhal (l) it is not lnt~ndftl to b~ use-din progra11as.; 
{2) it c:an rrrry any nfd fr~n1e (any SuUrou1inc call). whereas AGAIN ~uirn an ACTIVATION (PROG or 
REPEAT nr •Acl •):and (3) ir it rtttrit"s lhP EVAL of a FORH that 1nal<n an ACTIVATION. it will c.a~ 
r«-bihdiug in the :.r~n•nent LIST. 1hus tJuplica1ing tide- t'fft>eta.. 

16.&. UNlfl!!O 

UNWINO i.-. :tu t SllHR lh:tt r;lJ:r., C\\'o arg111nt"11f$, u11uaUy FORM$. It EVALs rhe lir!ot 011c. and, if lh~ EVAL 
reolurn-" nnr1u:a1Jy. the- \':th1ie- of lhr f-VA1 C':&JJ is thr \'.-hit' or UUWJND. If. ho\Yf'ver. during the EVAL a 
11011.Jnc:'ll rt·111rn :.Sl\''IHJ> r' to 'f'lur11 h<"IO\Y rheo UNWIND FRAME in fh~ control stack. th~ second 
argu1nr11r i~ (Vl\Lt'cl. i1' ,•:iluC" i~ ignored. auc.J fhie> non-Joc;tl rtlurn is conaplt-ted. The .stcond 
:.rg111nf"111 i' "''~lt1:1trrl iu thr ("11virn11111rnt rh:.t \\'as pr<'S('llf \\'h('n the caU to UNWIUD W.a$ 1nadc. This 
facility i~ u~C'ful rnr C'lt'otning up d:tta l1:ts<'~ rh:tt ::tr~ In incon5i.stenr stal~.i and for closing 
fctnpor:try CltAIHl(l~ lli:tl 111::ty be ll•fr around. FLOAO .s~IJ. up an UNWIND to clo..se- jt.5 CHANNEL if th~ 
U.5cr attr1up1~ 10 CRRCT , .. , iThnu1 fiui~hinc: 1he FlOAO. £xarupJc: 

<OEFWE CLElll< /\CT ("/\UX" (C <OPEH "READ" "A FILE">)) 
.fOECL ( ( C) <OR CHANllEL F/\LSE> ••• ) 
<COUO {.C 

<UNWINO <PROG {) .•• <CLOSE .C>> 
<CLOSE .C»)» 

T y ping rn111rnJ.c; { ... G, <ASCII 7>) a.1 l\tDL C;lllSt'.s it to act jU-51 as if an error had occurred in 
\vhate\'C'f' \\':l' C'urrr111ly hPing df"nc:-. \'on can then txa111ine rhe values or variables as above. 
contintt(" hy :ippJyiug- ERRET 10 ouc arguu1en1 (\vhicl1 i~ ignored}. RETRY a FRAME lower on the control 
-5tack. or (fu"Joh <'\'("r·yrlaiug by applying ERRET to no argunacnl.$. 

16.S • 16.7 Error-5-. Fran1es. etc. 
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16.8. Co111ro1.5 (~si 

Typing <"OnlrnJ.S f"'S. <ASCII 19>>, aT l\fDL caust"s jf to stop what is h:iippenlng and return to the 
FRAME . LERR\ ! ... IN TERRUPlS, returning the ATOM T. (In the Te11ex and Tops·20 version$. ""O also 
has th<" .\,:i111c cff<'c::t.l 

16.9. OVERrLOW 

<OVfRFl.OW f.lfsc-or-any> 

Thcr<" i~ nu(' t"rrnr tha1 c.an b<" di~al>Jc·cJ: 1u11ncric overflow and underflow cau$-ed by the arithn1etic 
SUBR• (+. • I). Tloc SUOR OVERFLOW ta~cs one argument: if it i• of TYPE FALSE, 
under/o\'erflo'"' <-rrClr~ :tre di!t:tUJed: orherw·ise they are enabled. The initial state is enabled. 
OVERFLOW 1··eo111rn~ T nr l'FJ\LSE (). reflecling the previou5 .\late. Calling it with no argu1nent 
rcrurn~ t.hc curr·cut .\late-. 

16.8 - IG.9 Errors .• Fra1nes-. etc. 
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Chapter 17. Macro-operations 

17.t . REl\O_P.~~ 

17.1.1 . % and%% 

The tol~n' 'h and Y.h are interprcled by READ in such a way a.s to give a ·nlacro- capability to MDL 
.s.inriJar lo PL11·j.. 

Wh~nevf'r RE'l\O f'n<'nun1"rs a .1'ingJe- !' - .any\vhere. at any dl!'pth of rl!'Cursion - it i1nrnediateJy. 
\vi thout lonJ..iug <\I 1he rt".\t of the iupu1. t"\' aluale• the objt-ct following the%. The re.s.ult of that 
("V3IU:ttion i~ " ' "d by READ iu place or the object foJJowing the"· That i.s.. x 1uean$ .. don'( really 
RE AD 1hi,, u .. c- FV/\I ('If ii in.\tead ... % is oftt-n u.s.ed in file$ in front of calls to ASCII. BITS (which 
5<"e). etc .• allhnu~h '''hen the FUNCTION i • coutpiled rhe co1upiler wiU do the t!W'afuation if the 
argu1ue11t5 ar<' CO ll $taul. AJ.\o &>l't"ll is X.lt4CHAN, read a.s. the CHANNEL in us.e during LOAD ot FLOAO ; 
for cx:c.1upl<'. <rur %.Jf~CllAN 18 8> c,au.x-s succeeding FIXe" 10 Mo C"ead .ai oc:taL 

\Vheuc,·er READ e 11coun1er.1o %X, it JiL:ewi~ inunt"diately evaluate$ the object following the- 'XX. 
•lo\\l('v('r. it colnpl<'t<'ly iguort's Che te.5ult of that evalu::uion. Side effects of that ~valuation re1nain. 
of COUr$C. 

£xau1ple-: 

<Off IrlE SETUP () <SET A O»S 
SElUP 

<DEF WE NXT () <SET A <+ .A I »>S 
llXT 

[%%<SETUP> :O<llXT> X<NXT> (XX<SETUP>) lC<N)(T>]S 
(IZ()I] 

17 - 17.1.1 Macro-opf!ration• 

-= • 
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17.1.2. Ll!IK 

< l 1 UK P.'\'/>:~n y sll'int: ob/isl> 

crC'~Ce~ an olJjC'i.~ 1 n( TYPE llUK. PRJMTYPE ATOM. A LINK look.s vaguely like au ATOM; il has a 
Pf~AM( ~lltC" ""'''";:. :\1j:u111c111). rC'.sidl's in an OOLIST (1he oblisl arguauent) and ha.s it "'value-.. (the exp 
;:ar!:'.:'u111r111). ,\ I lrJK h:i" 1l1tt .s1r;ingr proprr1y that, 'vhcuc''"r it i.s enc.ount('red by READ (that i.s.. 11.s 
PUAMt:. i~ re:ltl, Jtt'-1 lil.e :tll ATOM. pos.sihly \Vith OULIST rrailer.s), READ .s.ub.s1itutc$ the LIUK•s .. value"' 
f(lr tli(' llUK ia1111u:din1<·ly. ·rric.• errect of R£/\Oing a LINK'" PNAME i.s ex:.clly the .sa1ne 3$ the «!ffecc of 
r<"ad i u,,: it" '\· :l l11C' ... 

The ol•l1t. I :\t~111ut'ut i .. nplional. <l .OULIST> by derault. LlUK returns it.s first arguruent. The 
LINK i~ \ "r<:a11.•tl ,·i:. JUSCRT. ~" :\n error rt1~tths if thtr~ i,. already an ATOM or LINK in obli$f with th~ 
.s,a Ill(" Pfl/\?1[. 

The pri111:11·y 11 .. t.. u( LlUK~ i.\ in intPr:lcti\•e \vork "'ith MDL: expre$.Sions which are- co1n1uo11Jy u.sed, 
bul :tnnoyin!:I)' lnng IU 'YJ>C'. can I.Jc '"Hoked" lo PUAHE.s \vhich are shorter. The .s.randard exatuple is 
the (nlJn\\." i 11i::-: 

<L lllK '<ERRET> •-E" <ROOT» 

\vhich Ji11J: t.. rhr AlOM nf f'rlAMC .... E ill the ROOT OBLIST ro the expres.sion <£RRET>. 

Duriu~ ltf/\l1i11g frn111 nu inp111 Cllf11an: L or PARSEing a STRING, any character can be rnade to have 
~ 3>p<"ci:'I 11u·aniu!:!"· :\ l"'haracrcr can c:l11~e ;in arbitrary routine to be invok ed. which can then return 
any 1111111ht:r of C"lr111C'11t.\ tn btt put into the object being buih by READ, PARSE. or LPARSE. 
Tr;\11\l~tino nf t"h:tl':'l<'tC"rs i ., nl!<io po-s,.sihJC". ·rhi5 facility \va.s de.signed for those per.SOU$ who want to 
u.se l\tOJ . Rt:AO 1n fin J;irC'<" p:.r1~ nf tl1rir ln1lut bot have to 1nodify its action$ for sorne arca.5: for 
ex~111p l t". nn(" tnig-ht \\·;tnl ''' treat tefl aud right parenthes.e.s as tol.'.en.s. ratl1e-r than a.s. deli1niter$ 
indicatin~ :\ LIST. 

17.1.3.1 . REJll'I (fi 11 olly) 

A .\-$ncia1c-d \\1 i1h Rff\0 ic, :t.n ATOM, RCAO•TAO LE ! -. \\'h0.5"<" Jocal valut. if any. tnust bf" a VECTOR of 
ele111Plll '-, ""'" for r:ich cha racter up 10 and jucJuding .-all ch;1ractcrs to be treated specially. Each 
eletue111 i1u.lir:tl <'~. ir not O. llit> llCtion 10 LP t:.kC'n upon READ'.s encounter with that character. A 
.si1nilar VECTOR. 11il· lv<":tl v01Jur of P/\RSE - T/\BLE! .... jf any. i.s. u~td to find the action to take for 
character:!- ("1 1co11111C'1<'d \\."J1<"11 PARSE or LPARSE i.5" :.1)plitd lo a STRING. 

The.5-e t:\i,)ft'-!- C':lH h:t\"(' up to 2!iG e-le111en 1.s., one for ench ASCII ch:1r.-cter and one for each possible 
excla1na.1in11-pninl/1\$Cl l·C"haracu:r pair. In f\10L. ll1e excla1u21ionapoint i..s u.s~d 8$ a 1nethod of 

17. 1.2 • 17.1.3.1 Macro-operalions 
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(':\.J):.1uli11r. th<' , \ S <: 11 c-h:trt1t'IC"r .,.C't, and an txcla111atlon·poi1u/character pair is treated a" one logical 
eh:ir:iclC'r \\ltru 11n1 rr:uli11g a SlRJNG. 

·rhe <"1<-Ut\' 111 <'l'l' l' t' 'po1Hli 11 g to :t cha race er i.\ <NTH /able <+ l <ASCII char>>>. Tlie eletnent 
cnrrr~pn11di11r. {tl :tu rxc:l01 1n:ltio11.poi11;/ASCll 0 charac1cr pair i.s (NTH table<+ 129 <ASCII char>>>. 
The rnhlr '"an lu• .~hnr 1rr th:ln ?.!Hi <'lc>1ne111s. in which ca$e it is lr~ated a.s if .it were 256 Jong with 0 
efc1ut•nt~ Uc·yh11d i t~ :icltt:al h.·ngth. 

1\n t"ll"111en1 nr thl" litl,lr.,, 11111..,,1 $:tfi\fy one of 1hr follow;ng OECL Paucrn.s: 

'O i11tlic:tlt"> lh :l l 110 .\pe cial Action i ~ 10 IJe taken \Y'ltf'n this. character i$ encountered. 

C':ll/\S~AClf K i 11 cl i ,•:.1C'~ 1h:.1 tl1r rncountC'rcd cl1aract<'r is to bt: trotn$latcd into the givtn CHARACTER 
\\' h<.>tU'\' t>r i I :t p p<•a ,..,,, <'X<'<'(l I \\'l1<'1t a~ a n ol> jcct of TYPE CllARACTER.. or in a STRING . or 
ill11lll'di :1f «,.'I)' f11JfO\\' iltf! :\ \ . 

FJX i11dh 011r., 1h :.1 1hr c-.har0tc1rr i~ to be !:i''<'11 1hc .sa111c trcat1nc11t a~ rhc ch;\racter with the 
1\ S(: lJ \' aloe<,( tl1e ~ tX. Thi .. allo\v~ you 10 c-:i.ust 01her characters to btt rreoaf@d in the- sa1ne 
\ \1:1)' :!" A · Z. fur t•xa111pl<'. "'fhe ~:i.nat" l 0 X'cep t io11s apply ai for a CHAR/\CTER. 

<l 151 I lX> in d i(":t lr' 111(' ~:tint> 1hi11g. rxe<'p t that tlir char;ac·tcr doc.s. not by itself cOllU$C a break. 
Th<•rt• fnre. if ii (1,•r ur.s \\' ht'n r<':ad ing au /\ 1011 or nu111btr. it will bt- treated at part of that ATOH 
or nu111ltc:r. 

/\µ Pl t\.AHI I C1n nnr :1r1:11 111 r 11t) i1u ti ("al C'\ lh:\t th(' t:h:ir~ctcr it to be a br<'ak character. \Vhc-ucvt'r 
it i' c: 11 <n11111t•11••I. t ltc- rr:uliug of lht- <:urrt'nt C"lbjrc1 i.s finisht"d. aod the corre~pood i ng elctncnt 
of l h t 1tel1lr i .. l\PrL Yt•t l 10 lh<' 1\S(:tl CHARJ\ClER. (lf READ i$ called during the application. the 
cnd~nf.fitr ~lnr of llir Cl li\UU[l tC' 1u pn .. arily contain.s a .spc-cial kiud of ACTIVATION (TYPE 
Rl-/\11/\) 'n th:u t' lld·l"lf-filr cau he .,,ign;i; llcd properly to th<' origi11al RCAD. l ~n't that 
\vn11dt•• f11l?l 'fht• ,·:11111· r<•t 11r·uecl i.) 1:i'-.r11 10 be '''hat \va.s rt-<td, 011lf:"$t an objf:"ct of TYPE SPLICE 
i\ 1t•l tunt•tl. lf .. n. 1l1r t•lc1uc11t\ nf 1hi~ olJjc:ct. \\'liich i.s of PRIHTYPE LIST, are .spliced in at the 
pni111 \\l1 t"r <'" t\1 1> 1 .. i., r·c-.i rliug. An C'IHJ>ty S f"LICE :\lln\v.\ one 10 return nothing. If a .structured 
<'l>j<'<"I i.' 1101 l1('i11!! h 11il1 . :111 rl :a SPLJC[ j.;, rc>lurnerl, ele1nc11t.s aftc>r the ftr.sl \viii be ignored. A 
SPLJC( 1l1iri 11 g: rl·:tdi11g l.s ~i111il01r 10 :t SEGMEUT during e\·aluating. except that. iu so1ne .sens~. a 
SPt t Ct ':l )' ' 

00

<":\p;,ud 111(''', \Yli<'r·ca$ lh<' s tt11c111re containing a SEGMENT $ay.s. "I will expand you". 

<I JSl f\~\rt le /\H I f--) l11di<".ilt'' rht- .sa1n" 1ld11g. cxc:t-pl lhat lht character doe.snot by ir.s.clf ca115e 
;:t b1·c.•:.J... 'f'lt<·rt·fnfl.'. if ii nccur~ \vhrn rt-ading an ATOM ot 11u1nber, it will be trf'ate-d as part of 
Ch::.t l\TOU nr 11111nl1cr. 

READ lntf"" .i 11 :lflt.li li nu:d <ipl inn:d nrgun1enr, \\' hich i3, \Yhaf to u.sr in.stead or the loc:el value- of lhe 
ATOM RC/\0-T/\Bl.E " " lhl• VECTOR or re:i d·111~cro ch:1racler.s.. lf this argu111e11t is .s.upplied, READ-TABLE 
is rt"bou1ul Tn ii \villlin 1l1C' c all 10 READ. READ lake~ froau itro 10 four argu1neut5. The fulJes,t call to 
READ i.'\. 1 ft11.,,: 

17.1.3.1 Macro-operations 
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<REJ\n rhAtt11cJ cnf- roulina look-up rc-11d-labJe:vect01") 

Th~ ol h<'r :.rg111nl'1tl$ are cxpJainc<J in ~ection) ll.J.J.J. 11.3. and !5.7.J. 

ERROR and LlSlfU r<•l;i11d REJ\0-TllRLE lo 1he GVJ\L of READ-TABLE, if any. el>e UNASSIGN i t. 

Exa1n1>l<-~ "' e::t<'h of the different linct) of rn trie~ i 11 111acro table$: 

<SET REAO - T116LE <!VEC TOR 256 O>>S 
[ . .. J 

<r UT .REJ\0-TJ\BLE <+ I <ASCII l\a>> !\A> 
;"Clll\RACTER: translate a to A.•.s 

[ ... ] 
tibcS. 
J\uc 

<1'111 .llU\ll-l/\BlE <+ I <ASCII !\1'» <ASCII !\A» 

[ ... J 
111'flC~ 

11\1.llC 

;"FIX : maker. Just a normal ASCII character .•s 

<rur . R[J\0-TABLE (+ l <ASCII !\ . >>(<ASCII !\.>)> 
;"<LJST rtx>: mnke commo no longer a break 

( . .. J 
/\,BS 

cl1aractcr. but sttll specia l tr at a break.•s 

/\\. ll 
;"lh{lt. wos an Al0i1 wit.h PMAHE A.8 
' 'B!i 
. 0 
:"Thut t·1as the rORH <GVAL B> • 

• 

<PUT .R[/\0-TJ\BLE <+ I <ASCII !\ : >> 
•ruucrrou ((X) <LIST COLON <READ>>)> 

( ... J 
B: 11$ 

:"ArrLJCAOLE: m~ kc n new thing like ( <and [ .•s 

ll 
(COIOll A) 
:::FOO:> 
( COLOU (COLON ( COLOli FOO)) ) 

17.l.3.J - 17. 1.g.2 P.f acrcroper:a t ions 
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<PUT . RCAO·TABLE <+ I <ASCII !\:>> 
'(.rnmc1101i ((X) <LIST COLON <READ»))> 

:"<LIST APPLICABLE>: like above, but 
now. "S 

r ... J 
II : AS. 
IJ ; /I 
:"Th .Lit. Wt•S nn AlOM." 
:::roos. 
( C:OI ON ( COi ON ( C.OLOll roo))) 

17. 1.3.3. P/IRS I: 01od LPARSE" (ri u•lly) 

The MDL Progratnn1i11g Language 

not a break 

< 1
1

/\n:-;1• ·•Ir 111:: r rrdi~ loolf .. up p~,.sc-1 dblc:veclor look.-ithlJad:char ;,cf er> 

i• th~ fuJJc,r """ 1n r ARSL rARSC <an t•l.e fro111 zer<> to fi•·e •rgu111ent•. If PARSE is given no 
.'lrg11111r111 ... i1 f'<'l11ru" rl1C' firs1 ohjrc1 par.st'd fro111 rhc- l~al value of lh~ STRING PARSE-STRitJG and 
:tddirinu:iJJ) Sfl-.. PAl~ .S ,. - SlltlUG 10 1h<" STRillG l1:ivi11g tho.s~ CffARACTER$ \vhich \Vere J>ar$ed RESTcd 
off. jf rARSE is ~i\'('IJ :\ S1RING f('I f):\(.S(.", lhl' /\TOH PARSE-STRING f.s re-bou11d to rhe STRIJ.IG \Vilhin 
1l1:ir c:-.JJ. rr lh<' ;,,,~., f ;,f)/tJ arg11111cu1 i,), giv<'n 10 PARSE, PARSE-TABLE ;s, rebound to it within that 
call rn PARsr . f'in:1fly. f\/\RSC <'"111 tal..c a looJ..-.#heMJ CHARACTER. which iJ treated as ;r it were 
log ic-:a Hy t.:P11t":t I PU:t trd tn 1 J1P frou1 of 1 he strins bt-iug par.sed. Otht-r argu1nient$ are de.sct'ibcd in 
.st"ccion.s i'.G.C..2 -'lid 1!1.7,2. 

Ll'ARSF h """'' 1ly likr PAl!S[. <l<C<'f>r lhar it trio• to par>e the whol• STRING, returning a LIST of the obj<"c."t' c:realt't.J. 

17.2. EVl\L ~fac.·r.'!J! 

An EV/IL lli>crn prc..-i<k" •ho convonionco of a FUllCTIOI~ wi1f1out lh• overhead of calffng. SPECIAL.s, 
ere. in rJ.~ £!'!!.!l!l~!!. \'t'1·,inn. ,,\ ~ptociaJ-pu rpo.sc function that is calJed often by FUNCTION$ that wiJJ 
bf' con11>iJed is. :t f:<>Od C'~ncfid:are rf'lr nu EVAL 111acro. 

li'.2.1. Of fM/\C: a11d I Xl'l\r~U 

DEFMAC ( .. <kfi11 ~ m•cro .. l i• >y 1110cti<ally ~"actly the ••me•• DEFINE. However, itutead of crrating a 
FUNCTJOll, fofl MAC «0"'<''" llACRO. A MACRO i• Of PRIMTYPE LIST and In facl ,, •• a FUNCTION (or 
or her l\PPLJC/\BI l I 'fPF.) O'l.1- h$ .single f'J('U)f"IH. 

A MACRO '"" i"l'lf hr •ppfi<d to org11111e11t .. A HACRO i• applied in a funny way. however: it b 

17.J.3.2 • 17.2.1 
Macro-op~rations 
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EVAL.cd f\\' i<"<" •• , . Ii<' fir.'-1 [VAL cau~C'\. Ilic MACA.0'5 cJ('1Ucn1 lo be applied to tlte HACRO's argurn~nts. 
\\f'h:.t~,·c·r rh:tr :tp(,lit_":tlif'ln rc-111rn.'- (ut-u:illy :lllOlhC'r FORM) is alto EVAlcd. The! r('$Ult of the sc-cond 

EVAlu:ttin11 i.,. lhf" e·r-,1111 nf :ipptyiug 1ht- 111\CRO. EXPAt~O i~ u.sed to p('rfor1n the fir-st EVAL witl1out 
t lie _,.C'c."nnct. 

To :t\•oill c•n111ptic:t1 ir1n• .. 1l1C' rirt.1 EVAL Chy EXPAND. to c reate 1he object to be EVALC-d the $C!COJ1d tin1e 
:1rouucl) ;, -.11111<• i11 :1 1np.Jc•\'t>I en,•iro111ue111 . Theo re~ult of this policy i.s that rwo syntactic.ally 
id<"Ulit'O'll ill\'UC.':llinn~ nr :l NACRO ahV::\)'S fC'l11rn the $:111u: expal1$iOn to be EVALed in the $CC:Ond .step. 
The fir'' fVAI. ~"'""'"'"' t\\'o <'Xr1·n rRAHfs: one for a call to EXPAND. and one for a calJ to EVAL lhe 
MACRO :1ppJiC'al io11 i11 ;\ 1np- lC'\'rl cnvft(Htu1enr. 

Exa111pJ<.': 

cn~~HAC lNC (AIM "OPTIONAL" (N I)) 

JllC 
, lHCS. 

<!•ECL ((VALUE) FOIU1 (ATH) ATON (II) <OR FIX FLOAT>) 
<rORM SET .ATM <FORl1 + <FORl1 LVAL .l\TM> .N> » S 

"111\CHO (HUUCTIOll ((/IHI "OPTIONAL" (N I)) ... )) 
<SC I X I >S 
I 
<JUC X>!f> 
z 
.XS 
7. 
<EXPAUO '(IUC X>>S 
<SET X < + . X l>> 

PerhaJ>~ clu.• in1rn1inu i~ C'l<':lft"r if PARS( and X are U$t'd: 

< OCfMllC lNC (A Tit "OrTIONAL • ( N I)) 
• tif:CL ( •• . ) 

<l'AHSt " ( S[l :f..ATM (+ :f..llrn lLll»"» 

MACRO~ l'('aJly c-xldhit 1lic-ir ntl\'antagc~ ' " h<.'u they art co111piled. The con1piler will $ilnply cau&e the 
fir.s.1 t:V/\l 11:t1 in11 to orcur (vi:\ CXPA1'0) a.ud contpilc the rc.s.ult. The single eleanent of a co1npiled 
MACRO;, nn HSU1m or HSIJOR-~IHRY . 

Suppo~c- )'C')ll \va11t 10 rhn11!!'-' lh<" fvllo,,•ing $iluple FUNCTION 10 a MACRO: 

<OI rrnr nount [ (X) NOECL ((X) FIX)(+ .x .X» 

17.2.1 - 17.2.2 Macro-opera t ions 
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\'ou nt:t)' Ur l(>11tp1.,.d 10 \Yr'ht>: 

<OCFM/\C DOUOLC (X) IDECL ((X) FIX) <FORM+ .X .X>> 

Thi$ Hl\CRO \vnrJ,. .. , IHIT ,,11Jy \vht""u Ill~ l'\rgu1uen1 doe! not ll&t" lt'tnporary bindings. Con$ider 

<ncrrnr TRJrL( (Y) <• .Y <OOUOLE .Y»> 

Jf clii$ 1=uur.1101~ i .. :tppJird. •h<' rnp~lr''<'I l1i11dJ11g or Y is u.$ed. not the binding ju.$.t cr-t"atcd by the 
:lpplic:t1i.;1n, (:c1111p il:ttin11 nf Chi~ FUNCTI01' \\'C•uJd probably fail. becau$e the co111piler probably 
\YouJd l1:l\'C' 110 fOJ>· h'v<'I biu<ling for Y. \Vt"U. how ~bout 

<llE Fll/\C llOUllLE ( 'X) <FORM + .X . X» ;"Tho OECL has to go.• 

No'" rhi .. ;.., 111ol'r liJ..r lhr nriJ:i11al ro:-tcrrou. IJC'causc 110 lt>ug<"r i$ the argu1n~nr ev.alua1ed and the 
re.~ult <"'' :\111nlt'<I :t}'.::'.ni11. Aud lRJPlE \\'nrk$. B111 now con$idcr 

• corr WE JllC-/\llD-OOUBLE (YI <DOUBLE <SET y <• I • Y»» 

<TNC-Al:O - OOllllLE I> -> <OOUOLE <SET Y <+ I l>» 
-> <DOUBLE Z> 
-> <• z 2> 
-> 4 

Bur. 'vhC'n OOUHI [ i' :tppfiC'<f ro th~I rORM . the arg11111e111 is QUOT Ed. $0: 

ClNC - 1\UO-OOUBLE I> -> COOUOLE <SET Y <• l .Y>>> 

-> <rORM + <SET Y C+ • Y» <SET Y <I • Y>» 
-> <+ z J> 
-> 5 

So. $i1tc•c tlir "'·:tl11:i1inn nf OOUULE
0

$ argu111t'nt ha5 a .s.ide effect. you .s.houJd ~n!iure that the 
evalu:.1in11 i.., dnuc- t"~.'lC'tJy on<'(". ~ay Uy FORM: 

<DErM/\C OOUD~E ( 'AIJY) 

<rORM rROG ((X .ANY)) IOECL ((X) FIX) '(+ .x . X>>> 

A.\ a bnn11~. the OECl C;lll oncE" naore- be U$t'd. 

Thi$ cx:~111pJr i~ inlC'nt-lrd fn ~hon· 1liar n·rifing good MACRO$ is. a little trickier lhan writing good 
FUNCTION'. 1\111 lht' t"ffnr1 111ay bt' \vorth\vhilc if 1hc con1piJC'd progr.arn 1nust be 5peedy. 

17.2.2 Macro..op~rations 
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Chnptc1· 18. Mnohino Words and Bits 

The i\t OJ_ r:i...-ili1y for d t•:\lins \Vi th uui111<-rprcred 1oachine- \YOrd$ and bits involves two d:t.ta TYPE.s: 
\/ORO :ttHI UlTS. A \.!ORO i \ ~i111pJy au n11i111erpre1ed 111achine \vord, \Yhile a BITS i.s a .. poi111er .. to a 
&ct or hi1~ \vi1hiu :t WORD. Opc,n1i11g ou WORO.s i.$. t1$Ually done ouly when e:o1npiled progrant$ are 
u._ed (chnprcr J9). 

A \./ORO in 1\ S l>L i-:. a Pl>l'· lO 1nacldoe \vortJ of 3G bil$. A WORD ah11ay& PRINT& in "'# for1nat"'. and its 
con1cu1.s nrr :tl\\.':\)'~ p1·iu1<'<l i 11 o~tnl t licncc pr<'ccd<'d and follo,ved by •). Exa1npJe$: 

Jlft..f0Jl0 0 :"'all os•s 
HWORO •000000000000• 

..-woun •.?.OOO• ;
11 onc bit l"S 

""Ono •oooooooozooo• 

,..WOf\O • 52 ~2 57 525252• ; • every other bit l "S 
fl"\JOf\O • !.25252575252• 

WORD i• ir.• nw11 l'RTMTYrC: ii i • alsn 1ho PRIIHYPE of FIX, FLOAT. CHARACTER, and any 01her TYPE 
\Yhi<"h c-~11 (ii ii"' d~l;t iu1n nnr 1110\c:liin(' '"nrd. 

A WORD c.·n1111n1 1J<-' :.11 :irf:-111uc--111 10 •.-,or i11clftd :any SUBR$ except for CHTYPE. GETBITS. PUTSITS 
::and ~C'vcr:il hi1 . u1.111ipnl:t1ing f1111c-cio11$, ;di 10 Lc clc.scribc-d bt'low. TJ1u~ any arith111etic bit 
1ua11ip11l.11io11 1111r<•I Iii" dour hy CllTYP[iuf! ;i WORD to F'IX, doi11g the arith111ctic. and then CHTYPEi ng 
b:tck to WOlt l•. llo,,· r,·<"r. hit 111a n ip11l;"1tinn ca11 br- done without CHTYPEing tht 1hing to be played 
'"itli to a WORO, ~'> Inn!! ;t.\ ir i.'> of PRIM TYPE WORD; the re~ull of lhe 1n.1111ipulation will be of the 
~a1nc TYi"( .1\ 1l1t" n1·i~i11a l obj<-·cL or c.1n be CHTYP£ll to it. 

18. 18.1 f\.fachine Words and Bit5 
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18.2. IHTS 

An nbj(·r1 nf TYr E OITS i"" of PRIMTYPE WORD, a11d PRIUls ju~; li "-e a WORD. The in1erttal for1n of a 
BITS i._ prcci.,,(·ly lli:'IT o f:. r•J)P·IO .. l>yt c point<.'r'". \vliicl1 i l. in fact. ju$l \Yhat ~SITS i.$. 

F(lr purpnc..t•' nf c-xp lain l u~ \vh;\t a HllS ilo, a$~111ne 1ha t 'he bit5 in a WORD arie nu1nbered fron1 right 
to IC'fl. \\•ilJ 1 1111.· ri;: h11110'' t1il 11111uber'-'<.1 O f\ud lh~ lcf1n10~1 uu1nbered 35. a$ in 

3 h 3 4 33 ... 2 1 0 

(Tl1i.~ i"> 1101 t he ",1~11tl:'\rU" nr~.lrri 1 q;: 111<" "'$landard'" one goe$ fro1n lefl lo right .) 

A 81 TS;, 1110"-I C"OH\'t•nirntly ~r('a1t•cl vi01 lhC" SUfiR BITS: 

<BJlS \V'(f/h:fi." '':!hl-sdse:l1x> 

rerurn' :l n 11.S ,\·h ic•h ' ' pni111\ 10" " ~rt or hi1.s width ""'idt". \vith right1UO$l bit r1cht- edse. Doth 
:1rgu10C' 111 .. lllU '>I 11<• ur lYJJE F IX, and 1l1e ~econd is Optional. 0 by default. 

Ex:in1plr"-: 1 he- iluli('~I rd ;\pplic<tl inu nf Bl TS re1urn& an object of TYPE BITS which points. to the 
indica 1 ~cl ..,<'I of hit~ iu a WOHO: 

<UTTS 7> 35 ... 7 6 •.• 0 

<ll!TS 4 18> 35 ••. 22 21 20 19 18 17 ••• 0 

<RIIS :Jo> 35 ••• 0 

((;(TO 1 TS f, Onl;prin1I y pe· word l>il $ > 

\v here ir('u,) i'> a11 nhjc•C't of PR1MTYP£ \IORO, re1urn!. 3 11e''' objecl whose TYPE is. WORD . This. object is. 
con.,1r11.:1~·d iu 1lu.· fnlloh· i11 ~ ,,·:\y : rl11.." .)Ct of l>ic.'> ill ironJ poi111ed· to by bits i$ copied into the ne'v 
objcC't. ri).:lir-:tt lju~rC"t l , 1l1:tt it.. linrd up a g .-.i115r the right end (bit 11u1nbt'r 0) of the ne\v object. All 
t ho~"" hit~ t"'f th<' " " ' v nhJrc1 ''' h icl1 :\rt> nn1 copied ;\re set ro zero. Ill other words.. GETBlTS takcl> bit5 
froiu "'*' ;irlJi1r:1.-y pl;1ce i11 f TOtn and pu1-s thE"1n at lhe rfght t"nd of a new object. The from argu1nent 
ro GE TGITS i."> hOI affccu:fJ. 

Exau1ples: 

18.2. 18.3 Machin~ Words an d Bits 
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<GETUilS •wono •777777777777• <B ITS 3»S 
l"WORO •000000000007• 
<Ct:TllTTS •OJ23~5G701ZJ • <BITS 6 IB»S 
•WOAO • 00000000004S• 

I BA. v 111 JU ... !.-'i 

<PU TB ITS lo:1.vi1r1t y·ce · word Vil:; fror11:prln1f ype .. word> 
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,..,her<> to nnd r,.0,.1 ;irr "'r l'UlMTYPE WORO. r<"lurus a~ or lo. 1nodifir<.J as (<1JJO,v$: the .set of bit$ 
in to hrhic h ;1rr: ptti11ic..·<l ro fly /)ds i\re r('plnce<.J by 1he :tppropriate nu111ber of rigltt1nos1 bits copie-d 
front f1nn• (up1 inn;il. 0 Uy dr(auJrl. In other \vord$: PUTBITS rake!'$ bits fro111 the right t>nd of from 

and ~111Cf:. 1hr111 into ;,n :trhirr01ry t>O\ition in a copy of lo. None of the argu1nent.s to PUTBITS i.s 
:tf(t>Cl("t,.I, 

ExatnJ>fr,: 

CVU1B11S •wouo •777777777777• <BITS 6 3))$ 
rWORO *777777777007• 
c1·urnns •WORD •666777000111• <BITS 5 IS> IWORD "123•>S 
,.\IOJ{H •<•<•677tl30011J• 
<PUlGJlS • wono •765432107654• <BfTS IS>>S 
rwoRo *76~432000000~ 

Each of 111"" SHUR .. /\fJOH , onn. xonn. and COVB tak<'."t argu1nc11ts of PRIHTYPE WORD and re1urns a 
\./ORO ''' hi«~h i~ I la(• hil\\' i'(' Bnolt•:t11 .. aud ... inclus.ive "or ... exe:J11$i,•e '"or ... or .. f!'Juivalence"" (inver~e of 
cxcJu .. i,·c .. ,,,. .. ._ l't.''P<'C.ti''<'Jy. of i{.io :trg111U('lll$. Ea.ch take~ any 11u1uber of argu1ne111s. If no 
:\rgu1nt"11t i~ ~i'·<'n. a WOHO '"itlt ~11 biL~ off (ORO and XORO) or on (ANDO and EOVB) is rerurned. Jf 
ouJy nut.• :i;·~; llll<'nl j, ~iveo. ii i .. rrrurnc-d uuch:uit:c-d but CllTYP(d to a WORD. Jf n1ore than two 
argu111co1 .. :ti<· !!i'' <'ll. 1lu: oprl'rtlor i~ applietJ to 1J1e first t\vo. 1he11 '1pplied to that re.suit and the 
third. Cl('. Ht' <-tlrC' nn1 In confll-"C ANO aod OR willt ANDS and ORB. 

18.3 - 18.5 Machin~ Words and Bit5 
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18.6. Rir,,· i~c- Shifting Opc-r.11iot1.) 

< LSU ft c111:pr1rnlyJ.'C-lvOrd ;unount:fi.v> 

rrruru.~ :1 ~ WOR(l ('n111 .... ini 11 g ch(' bi1s in from. shif1cd the nu1nber Of bils specified by 11mount (111od 
256 • . s:ty." t lu'• lt:t rdh·nrr). Z<"•'CJ hil.s ;ir(" brought in at the f."lld bC'ing vacarcd:· bits. shifted out at th~ 
other eurJ .flt"(• Jn~L If 11n,ounl ;~ posirive-. shifting is co the lefr: if an,ounf is negative, sh ifting i.s to 
the- right. J::;i..· :.1111>ll·~: 

<I Stl I! C.>l> 
i'WOllO •000000001000• 
< LSll 6 -6>l> 

rWORO •OOOOOOOOOOOO• 

< ROl fro1u:p1 u.if J'J.J<:-u•ord Rrt.Ounl:fix) 

rt-rurn~ :. !!!'~ \.!Of?O t'n11t:ti11in!! Ilic- hirs in from. rof<ttcd the nu1nbcr of bits specified by #mount (1nod 
256. My,, l lo P hn1olworp), Rn1n1io11 ha cyclic bitwise •hifr wh or< bit> •hift ed out at one end are pu1 

bac:k iu n1 1l1t• 011irr. lf tfh10uul i~ po.s.iti\'e. rocacio11 is 10 1h~ ltft: if •mount is n~ative. rotation i5 to the rig h t . J-:x:.111plr.': 

( i.1.01 8 fl )j. 

.. WORD •OOOOOOOOlOOO• 
<ROT n -G>s 
i'WOl!O • 100000000000• 

18.G 
Machin~ Words and Bii. 



The P.lDL Progranuning La ngu age 16S 

Cba.pt;er 19. Compiled Programs 

19.1. RSUBR (~he TYP!). 

RSUBR~ (00rrln<"at:•hlr .,uhro1ninc.sj arc n1achinc-languagc progr.a1ns written to run In the MDL 
ienviron111rnt. TliE"y are usually produced by the ~10L as.setnbler (often frotn output produced by the 
c:outpiler) 01.l1hnu~h rhi.s i~ not nto<:'$>$oary. All RSUBSU have 1wo co1nponents: the · reference vector• 
and the 00cndc vc<1or00

• ln ~0111c ca~-' the code vector is in pure storage. There is also a Ht of 
00riwup& .. a,.~ncinrNI \vith t"\1 cry RSUBR. although it may nor be available in the r-unning MDL. 

19.2. Thr Rf'ff'rt-ne<" \'C"'Cfftr 

An RSU(lR i> l>a>ic~lly a VECTOR lhat has b..,n CHTYPEd to TYPE RSUBR via the SUBR RSUBR (,,_ 
belo,v). This <"!(·VECTOR i.$ the rC'fcrcncc vccror. The fir5t three eletnentt of the reference vector have 
prederinittl n 1r;anint: ... : 

The fir!i-t eh.-111cnt i.\ of TYPE CODE or PCOOE and is Lhr ilnpure or pure code viectof' re·$pectively. 
The t1-eC'"o11d <"l<"1nent l!- an AT0t1 aod specifics the natne of thr RSUBR. 
The third <"l<"t1l<"OI i$ or TYPE OECL and dtt:Jart-.s rhe type/structure of the RSUBR•s argurnent$ and 

resul1. 

The '""' of thC' rlt"1nr111~ or the rcrcrcncc vccror arc objects in garbage-collected storage tl•at the 
RSUBR needs tn ref<'rPuceo and any i111pure slots that the RSUBR need$ to U$e. 

When the RSUOR is running. one of the PDP·IO acc::u1nulators {with a.yn1bolic na1ne R) ii alway• 
pointing 10 the r<"ft'rC'll«' vtt1tor. to pcr1nit rapid acccs,s to the Yarious elements. 

19 - 19.2 Compiled Program• 



164 

T/1e MOL Programming Language 

1!1.3. RSUIJR Linking 

RSUBRs ca11 call any llPrLICllBLE obj«t. all In a uniform mannor. In g•nrral, a c..ll to an F/SUBR is 
linked up at ""•a111Jly/co111pile time .>o that liar calling il1>trucrion (tJUQ) points directly at the cod'-' 
in the inrrrprcr<r fnr the F/SllDR. llowcvcr. 1l1c locations of most olh!'"r APPLICABLE• are not 
k1101na >r •Hr1nhly/cn111pile rinac. Tlacrcfore, the calling UUO b set up to point ai a slot in lhe 
reference '"N' l<ir (l1y indexing off accumulator R~ This slot initially contains the ATOH whose 
C/LVAL i> the c•llC'd <>uje<'t. The calling 11aecha11is111 (UUO handler) causes control to be transferred 
to rhe <"'•llrrl nlojcc1 and. dq>cnding on rhc slate of the RSUBR-link flag. the ATOM will be replaced by 
its C/l .Vl\J. (If rhr <"Oii is of the "quick" variety, lhe c.•lled RSUBR or RSUBR·ENTRY will be ClfTYPEd 
ro a QUICK-RSllBfl or QUlCl:-ENTRY, respectively. before replacement.) Regardless of •he RSUBR·link 
flag's >lntr. rail• In fUNCTIOll> are ne>'er permanenrly linked. A call lo a 11011-Subroutlne generate• 
an C'Xlr;1 rRAM(. \Vhn$C IUNCT is the: dtunrny ATOH CALLER. 

RSUBR> Mr linkc·d tn~cther for f .. rrr execulion, bur linking may nor be desirable if the RSUBRs a..., 
being da·lrnq;«I. >iul 1·nri<>ns revi>ions arc being re-loaded. A linked call will forever af1er go lo the 
••me cncfe. rrs:•«lfr'S nf the rurrcnr G/LVAL of the called ATOM. Thu~ while te•ring RSUBRs, you 
may wont T<• disable Jinkins. by calllng the RSUBR·LINK SIJBR with a FALSE argument. Calling it 
with a uon-FllLSE argu111eur enable• linking therrafter. It returns the previous >1are of the link flag. 
cit h<"r T or Ir ALSE (). C-..alling ;c with no argun1eu1 rerurns the current stale. 

19.41. rurc and r111p11rc Code 

The fir.r Plr111N11 nf an R~llBR i• the code vector. of TYPE CODE or PCODE. TYPE CODE b of 
PRIM TYPE llVECTOR, 011<1 lhe UTYPE >hnuld be of PRIMTYPE llORD. The code vecror i• •imply a block 
of worch 1 har arc ! h r 1u,rrnctio1u "'hiclc compri>c the RSUBR. Since the code vecror is .>tored just 
like a Manclorrl llvt:CloR. it will be moved around by the garbage collccror. Therefore. all RSUBR 
code i• r<•<1Hired In r.e locarion-i1uen•itil·e. The compiler guarantee• the localion-in~n•itivity of its 
OUlpUL -rh(' a!!o)C'1t1l,,f(•r J1('fJ>5' IO 11131.:e tht- cod" focatio1).iJ1~nS>ili\°C by defining alf labels as O-ffS.f!l5 
relati\•e tn rlu;- h<')::inuing of •he cocJc vecror and causing in>trucrio11> that refer ro label$ to index 
auro111~ri<::tfl}' of( thf' ror ... 10 =-icc.u111ulator sy111boJic:aUy oan1cd H. H, Iii<~ R. is scr up by tbe- UUO 
handler. bur ir p<oinr. tn the code vecror instead of the reference vector. The code vector of an 
RSUBR ran be frnzen (u>ing !lac FREEZE SIJBR) ro prc1·enr ir from moving during debugging by DDT 
in rhc t.llf)C"rinr npC"r.-1iug-.~y~rt>nt prOCt-$.S. 

If the fir . ., cl~111e11r <of ~11 RSUBR i• of TYPE PCODE \pure code1. the code vector of the RSUBR is pure 
and >harabk. TYrt: PCODE i• of PRIHTYPE llORO. The lcfr half of !he word •pecifie> an off.et into 
an intC"rnal ••hi< nr purr RSURR>, and the right half •pecifie• an off><:t iuro rhe block of code wbere 
rhls, RSUBR !•tar1~. Tht" PCOOE print$ out as: 

Y.( PCOOE nnm;..:slring oltscl:lix> 

19.3 • 19.4 
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,..,here n.u11r H:\IU<'' th.- <'ll•ry Ju lhe U\C'r•.s 1lurr-RSUBR rabJc-. and o/lsel Is the- offst"t. (Obviously. 
pCOOE i~ ,..1 .. 0 lht· 11:i111e of :t SUllR, '"hich t;ener:t1e.s a purt" code vector.) Pur~ RSUBRs 1uay also tnove 
around. lu1l only l 1y hri11~ i11c-ludrc.J i11 lvtDL'.s p:lgc tnap at different 1>laces. Onci!' again t1 can be 
1_1sC'cl "~:i<:tly .,._ h rro1C" rn cln lil<":lti on-i11clrpt11dc111 ~lldr<'!.<; rcrcrcncing. I ndividual pure code vectors 
can he "u11111:ippt'11'' ( 111:irl. <"ll :\'- hC"i11g 11fl1 in (lrh11ary .\tOr:lgt but in thrir original pure-code disk 
file~) if tli t· .. p:u::.t.• iu .. 1nr:i!:<' :.llnc:lt<'d ror purr code i~ exh:u&$led. An un1napped RSUBR is n1apped in 
ag::i.in '"'l1 c-11c,·c-r uc·C'tl<'d. Al l purt RSllB~ .ire 11nn1ttppcd Uefore a SAVE file is \'1ritten. so lhat the 
code is unt d 111'111<'.1 tC"'d 011 cli._t.; , ,.\ purJfird RSUBR nu1s1 use RCLOC \relative GLOC .. ) instead of GLOC. 
RG LOC prnd1t('C" ... objrct~ of TYl'E LOCR io.s1ead o f LOCO. 

I n ordC'r tn h!'\uri1c- ll'l"f UC:WTYrC~ rl""~onably, thC' i ntC'rnaJ TYPE codes for thent ha\'e lo be able to be 
diff<-rf'nt fr(l111 n11c- t\tl>J_ tuu ro :inothrr. Thcr<'rorc. rcfcrcnc.cs to the TYPE code$ n1us1 b e i n the 
refe-ren<"t~ vt·<"tnr r~lh('r 1h:i11 Che- code vec1or. To help handle this probletu, t \VO TYPE$ e.xi$t, TYPE-C 
("type- code-'·) •11<1 TYl'E - W {"type- word .. ), both of PRIMTYPE WORO. They print as: 

~<1vre-c l>ric prin>type:.Jtom> 
~<TYrE-W /ypc J.'r1111l y po:atorn> 

The SUl\R Tvrr.-c 1lrnclU<'<'~ :.11 it11t"rnal TYrE code for the f>·pe, and TYPE-W produces a p r ototype 
.. TYPE \\'orrl" (:tpp<-nrJi~ I) (or :ln nhjcct nf th.it TYPE. The primfype argutncut is optional. included 
only a..s. :i. <"ht-c:k =- t: ;li 11 .. 1 tlu• e:ill 10 NEWlYPE . TYPE·W can also take a lhird argu111eut. of PRIHTYPE 
WORD. \\'hn'<' rif:ht h:\lf i~ in<"htd<"d iu the generated .. TYPE word ... If type l$ uot a valid TYPE . a 
NEWTvrr i., n111n1n:11ic:ally <lone. 

To be c n111plt.•1e. :i .. 1111il:tr SUBR and TYPE 3-houJd be 111en1ionfd here. 

< rR lM I Yl'r -c ,, ,,n> 

['roducC' . ., :.11 i111i·rn;1J '"~tnr:ige allocation code" (_appendix I) for the type. The value i$ of TYPE 
PRlMTYrE-C. rrtJMTYrc WORO. In ahuo~t all ca~('~ lhe SUBR TYPEPRIH give.s ju~r 3$ 1nuch 
inforu1:ttio11. C'~·c:rpl in 1he c::i._c of TCMPLAT[$: all TYPE& of TEHPLATE.\ h ave the $a1ne TYPEPRIM. but 
th~)' illl h:t"f' difft!1't•u1 PRl MlYPE .. es.. 

<RSllRR f rorle """'e dee/ ref ,cf .•• ]> 

CHTYPE.s. i t~ :tr~111 11{0UI lO :1;11 RSUBR. af1cr cht'~king it for h~gality. RSUBR is rarely called other than 

19.4 - 19.6 Con1pi lcd P rograms 
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in the- M D L A&.~e1uUfer (lebHng. J!J79). I t can be U$ed if change.$ 1nus.t be tn ad r to an RSUBR that a r e 
prohibircd by l\10L',s built-in safety 1neehani&1n$. For e" a1nple. i f the GVAL of name is a n RSUBR : 

<SET FIXIT <CHTYPE ,flame VECTOR»S 
[ .. . J 

- • • (chang".s to . FIXIT). - • 

<SETG name <RSUBR .FIXIT»S 
#RSUBR [ ••. J 

19.7. RSURR-ENTRY 

RSUBRs can h a \•e 111ultiple entry point&. An A:SUBR-ENTRY c a n be .appJiN to .argu ments exactly l ike .an RSUBR. 

<RSUBR-ENTRY [rsubr-or-.afom namo:alom d ee/) olfs.st:h'x> 

return,s the VECTOR a.rgtnucnl CJtTYPEd' ro a u RSUBR-ENTRY into the rsubr a t the sp ec ifie d offset. If' 
the RSUBR-ENTRY i~ to have a OECL (RSUSR style). it sh ou ld come a .& .shown . 

<ENTRY- LOC rsubr- en/ry> 

( .. entr y Joc:.:.1ion"} relurus Che offset into the RSUBR of this entry. 

19.8. RSUO R$ i n File.s 

There ar't' lhree kind.\ of fi les that can contain RSUBIU. identified by second natne.J BINARY . NBIN 
~nd FB I N. There is nothing 1nagic about these names. but they are used by conventio n. 

A BINJ\RY file is :t co1uple1ely ASCI I file c·ontaining oon1plete i rnp ure RSUBR.s in c h aracte r 
repre• <-111 ai ion. "''"" a codo •-ector appear. a• ICOOE followed by a UVECTOR of PR111TYPE WORD.s. 
BINARY filc.s °"'C' !{cn c rally .slow lo load. because of all t he parsing that 1nust be done. 

An NlJlN t'llo co111a111> a 111i:<1ure of ASCII chorocters and binary code. T he •tart of a bin ary 
pOrrion i~ .!> ign:.llcd 10 READ by lht" character co1u rol·C. ~o naive readers of a n NBIN file on I TS 1nay 
incorr('erly a .\\u1nc fh:it it end$ IJ<'fore any binary co de appears. An NBIN file canno t be edited w i th 
a text f'ditor. Au RSUBR is wrilten in NBIN forntar by being PRINT~ on a •PRINTS • CHANNEL. Th.: 
RSUSR.$ in NBIN file~ a r e 1101 purified either. 

19.6. 19.8 
Compiled Prog ram& 
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An FBIN file i.s ac1ually par1 of a triad of files. The FBIN file(5) itself is the itnpure part of a 
coJJec1io11 of purifh•d RSURRs. 11 is .$ilnply ASCII and can be edited at will. (Exception: in the ITS 
.-.nd Top~·?.O \'(>t'.\ions. the fir.a.I object in the file should not be re1noved or changed in any way. lea.t 
a ''grint reaper .. pr<'a~ra111 for FBIN filt'.a. think that the other files in the triad are obsolete and delete 
then1.) Th<' pur<' code it.st'Jf rC'.\idC"s (in tht' ITS and Tops-20 versions) In a special large file that 
contniu~ all c.•u11t·11tiy•o')t"U pur(' evdc. or (in Ch<" Tenex version) in a file in a special disk directory 
with first 11~111f> tl1e sa111e a~ tht> n11mc argu1nent to PCOOE for the RSUBR. The pure-code file is page
mappf:'d cJircc1ly in10 l\1 DL btOrage in read.only anode. It can be unn1apped when the pure storage 
muse l.Jc rccl:iilnc-d, :ind ii ean be 111app<-d at a dirfcrcnt storage address when pure storage 1nust be 
cotnpacted. Thrre i.\ al.so a "'fixup" file (see be"Jow) or portion of a file assoc.iated with the FBIH to 
round ouc the lri :id. 

An initi:.I ~fDL c:an leave pure RSUBR~ in it that were "'loaded'" during the initiati~ation procedu re. 
The file$ are nor p:tgf.'·ntappf'd in u1llil 1hey are actually needed. The '"Joading· has other side 
effect\ . .$UCh a.s tht> c:reaaion of OBLIST.s (chapter J5). Exactly wh.1;t is pre-loaded is outside the scope 
of thi!o dOCUUiClll. 

19.9. FiXlll).\ 

The purpo~e of .. fixup!>-" I.$> to correct references in tht RSUBR to parr.s of the interpreter that change 
front one rC"l<'ase or ~1DL 10 lh<" next. The reason the fixup$ contain a release number is so that 
they can he C()1np lctcly ignorrd '"hen an RSUBR is loaded into the sa1ne release of f\.IDL as that from 
\'lhich it ~Y:l$> l:t~r \vrittt"n out. 

There 4\rC thrC'C' ror1n..s of fixup$, corresponding to the three kinds of RSUBR files.. ASCII RSUBRs. 
f"ound i n BINARY filC'..s. have ASCII fixups. The fixup.s. are contained in a LIST that has the 
£ollowi11g for1na1: 

( MDl--refe<f~c:f1x 
nRme:alom v11lutt:fi x (vse:li" use:fi x ••• ) 
nAn1c:;r1torn value:lh< (use:li" lJ$tJ;fix ••• ) 
... ) 

The- fixup!> in NOJN filC's and tht> flxup files associated wirh FBIN files are in a fa$t internal for1nat 
lhu loo~s like a UVE'CTOR of PRIHTYPE WORD$. 

Fixups arc u~ual l y cli~cardC'd aft('r they are nsctl during 1he loading procedure. However. if. white 
readiug a lll Nl\RY or NBIN file lh< ATOM KEEP-FI XUPS!- h .. a non -FALSE LVAL, lhe fixups will be 
kepi. \'in :ln .:l~~('IC'i:\lion bet\Ytttn the- RSUBR and the ATOM RSUBR. It should b e noted tha1. beside.s 
corre-c1i11g the end~. rhe fixups tht'1u.~elves a.re corrected when KEEP .. fIXUPS i.s. bound and tru e. Als.o. 
the ;...s.sc111blcr and co1npilcr ntakc the sa1ne "1$.SOciation when they first create an RSUBR. so that it 
can be \vritte11 out \Yi lh its fixups. 

19.8 • 19.9 Compiled Programs 
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In the ca~E' <tf pure RSUBR.s (FBIN file.s). lhiug$ att a JittJt- different. I f a p ure.code f i llf' ~x is ts f o r 
lhis rclea..o,c of 1'10L. it i.s U$ed in11uediarcly. and tht' fixups are con1 p letely Ignored. I f a pure~cod~ 
file for ti.is release doc-.sn't <'Xi.st, the fixup file i.s u.tied 10 create a new copy or lhe fi le f r o tn a n old 
one . .:tnd :.t .. o a tlf"\V rr,,•i,.ion of rhe fixup file i$ created to go with the new pure-code fi le. T h i s. all 
goe.s on a.uto10:.1ic:i1Jy bthind the U$er'a b ack. 

19.9 C ompiled Programs 
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Chnpter 20. Coroutines 

Thi$ ch:11>te1· purport$ C(I explain the coroutine prhnitive.i or MDL. It do~ make $01ne attempt to 
explain coroutin<-.s a~ ~uclt. but only a$ re'Juired to specify the prilnitive$. If you are unfa1niliar 
\\#ith the ba .. ic <"oncrpr.s. coufu~ioo will probably reign. 

A coroutine in l\tOL is i1'1filtt11en1ed by an object of TYPE PROCESS. Jn rhis n1anual, this use of the 
word "1,roc-C'.s~" is Ui1-ti11gui~hcd by capi1alization fro1n its uor1nat use or denoting an operating
.iyste111 prQce, .. o;, ("•hi<"'h v:\rious .sy$t~lll$ call a proces$. job, fork. task, etc.). 

~1DL's built-in cor o uline pri111ili\'tS do not include a "ti1ne-.sharing syste1n ... Only one PROCESS is 
ever running "' ~ tit11e. ~nd c:ootr()J is pas.scd back and forth between PROCESS.es on a coroutine-like 
ba$i&. Tia<- prhnhivc.~ :.rt: sufficient. ltO\YCVCr. to allow the writing or a .. ti1ne-sharing syste1n .. m 
MDL. \Virh tlie 3c1rli1io11al us,e of the ~1DL interrupt prilnitives. This has. in fact, been done. 

20.1. PROC~.ss (the l YPE) 

A PROCESS is an nbjC'c1 \Yhic:lt contains the .. current state" or a co1nputation. This include.s the 
LVAL!o of AlOM~ ( .. hiuclings"), "depth" of functional applic::ation, and .. position .. within the application 
of each a.pplicd fu11c1ion. Son1e of lht'> things \Yhich are .!!.2!. part of any specific PROCESS .are the 
GVALs of J\TOHs. ai~CleialiOU$ (ASOCs). and the 0011tc11ts of 08LISTs. GVAL.5 (with OBLISTs) art! a chief 
1nea n.s. of con11nu 11 icat ion a ud sharing bt"lween PROCESSes (all PROCESSe$ can refer to the SUBR which 
1.s the GVAL nf •. for instance). Note that an LVAL in ont': PROCESS c.annot easily be directly 
referenc:ed fro111 auother PROCESS. 

A PROCESS PRIUh a• !.PROCESS p. where pi• a FIX which uniquely identifies the PROCESS; p I& the 
"PROCESS nu111hor" !)'p•d 0111 by LISTEN. A PROCESS cannot b• r .. d in by READ. 

The tcrin "ru11 A PROCESS" \\.·ill be used below to 1nean •perfor1n so111e co1nputation. U$fng the 
PROCESS to record the i11tcr111tdia1c stale~ of thal co1nputatio11•. 

N.B.: A PROCESS i~ a rather largt> object: creating one will often cause a garbage collection. 

20 • 20.1 Coroutines 
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20.2. STATE of> PROCESS 

<STATE process> 

rE"tUF"ll .S a u A10M (in rite ROOT 08lIST) \Yhich indica re.s the ".stare"" or t he PROCESS process. The ATOM.$ 
which STATE can rt"1nr11. and thei r n1ea11i11gs. a re as follows: 

RUNABL£ (sic) -- proceo;s 11~.s 11c••tor ever lJeen ru n . 

RUNNit.IG ..... process i.s curl'ently running. tha1 is. it did the .applica t ion of STATE. 

RESUMABLE - pror-e$s h a s 1Jre11 run. is nor curren rly running. and can run again. 

OE-AO - pr oce$s has l.Jt'en run. but ii can .!!.!!!.. r un again: it has "'ter1ninated"'. 

J n addirion. au inrC"rrup1 (C"hapter ?. I) c<tn be en::.blt'd to dete-ct the time a t which a PROCESS becomes 
-bJocl.:ed'' (\vairi11g for rer•ninal input) or ""u obJoclced"' (ter1ninaJ input arrive-cl). <The!! STATE BLOCKED 
h.a.s nor been i111pletue111ed.) 

20.3. PROCESS (1 he SUBR) 

<PROCESS st11rler:11pplicabl11> 

creates and return.so a Ul'\Y PROCESS but does !!.!U. run it; the STATE of t he ttturne"d PROCESS is RUNABLE foic) . 

.starter i.s. _,.ornetlting applicable to ~ argun1ent. which n1usr be evaluatN. startsr is used both Jn 
$farting and .. ,er111inari11g .. a PROCESS. lu particuJa;r, if the startttr of a PROCESS ~ returns a 
value, that PROCESS becorne-s OEAO . 

20.4. RESUME 

The SUBR RESUME is U>•<I 10 ca u•e a computalion 10 .rart or to continue running in another 
PROCESS. An applira1io11 of RESUME looh like lhis: 

<RES UME rctv;tl:nny proc-cs$) 

w h ere r11/v»I is th<' .. rcrurucd \'aJue" (~ct below) of the PROCESS that doa the RESUME. and process ts 
the PROCESS ro be 3-tarf<>d or coutinue-d. 

20.2. 20.4 
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The proee!;~ ~r~111ncnt to RESUME i.s optional, by default the last PROCESS. if any. to RESUME th~ 
PROCESS in which thi• RESUME h applied. If and when the current PROCESS 1$ later RESUMEd by 
another PROCESS. that RESUHE's relvat is returned as the value of this RESUHE. 

20.s. 5,,,itchiug PROC~ 

20.5.J. Starting tJp a Nt'\V rROCESS 

Let us .say thnt \Ve are running in &01ne PROCESS. aud that this original PROCESS is the GVAL of PO. 
So1newhcrc. \Vl' h:ive evaluatt'd 

<SETG Pl <PROCESS ,STARTER>> 

where .STARTER i~ snrne appropriate function. Now. in ,Po. we evaluate 

<RESUME .A ,Pl> 

and the folJo\ving happen~: 

(I) !!!. . PO lh<- nrgun1e111s of the RESUME are evaluated: that is. we get that LVAL of A wh ich is 
currenc in . PO and the GVAL of Pl. 

(2) The 51 Al E nf . PO is ch" nged to RESUMABLE and , PO i.s •rrozen" right where it is. in the 
middle of the RESUME. 

(3) The STATr. of • Pl i• changed 10 RUNNING, and ,STARTER is applied to , PO's LUAL of A!.!!. 
.,,,_£,! •• Pl no"· continue.son it.sway. evaluating the- body of .STARTER. 

The .A in 1hc RESUME could h:ave been anything. of cour.se. The important point is that. wh a tever It 
is. if j5 ttvaluarcd in . PO. 

What happt-n.o, nex1 dcpend.s. of cour.se. on what .STARTER do..s. 

20.5.2. Top-level Rt"t11r11 

Lei u.s infri~lly assunic thar .STARTER do-C-$ nothing relating to PROCESSe.5. but in$tead simply 
re1urn.s a value ••. '-;tY sf Arv~/. What happens when .STARTER return$ j5 thi5: 

(I) The STATE of , PI i• changed to DEAD. , P 1 can never again be RESUMEd. 

20.4 • 20.5.2 Coroutines 
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(2) Th~ , ... PROCESS TO RESUME • Pl ;. found, namely • PO, and Its STATE Is cha nged to 
RUNNING. 

(3) sl,frvpf i$ rclurn<'tf i-11 , PO as thC' vaJuc of tile original RESUHE, and , PO continues where it 
lefr off. 

All in :iJI. lhi.s. ~hnplt- ca.)e Jooks jus1 Jike an elaborate version of applying .STARTER to . A in • PO. 

20.5.3. Syrnrnetric RESUMEing 

Now $11t>pn~<" 1hnr while still in • Pl rhc following is evaluated. either in ,STARTER or in something called by ,STllRT£R, 

<RESUME . BAR ,PO> 

(I) The argu111("t1I~ of tht- RESUME are ("Valuated in ,,,J!.!. 

(2) Tl1e ST/\TE of ,Pl iri. ehaugC'd to RESUl'1ABLE • .and ,Pl is ""frozC'n"' right in the middle of the 
RESUME. 

(3) Thr STAlE or . PO i~ ~hanged ro RUNNING. and , PJ's LVAL of BAR is returned as the value of 
, PO'.s. origiu~J RESUME. , Po t hl"n continues r;ght where it ll!'ft off. 

Thi.s i.s !.!!.£. iu1cr<"-.1i11g cas<;>. hccau.sc .PO c~n oow do another RESUME of .Pl; this wiJJ •tu rn off .. 
,Po. pa .... s :\ v:1lue to .Pl anrt "1ur11 011 ... Pl. ,Pl can now again RESUHE .PO. which can RESUME 
• Pl back ag:tin. <'le. n_!! !!:.!!,!.,_<';\11..!,. \Vith C\"f'rything done iu a perfrctfy sym1netric manner. This. can 
obv;ous.ly at-,o bl" dnue '"'il h f11rt"e or 1uorc PROCESStt ;u lhe .sa1ne 1nanner. 

Nore how 1hi,s. difr<"r~ fro1n nor111al functional application: you cannot '"return .. from a function 
without de~rr'oyiog the $>lat<" 1h~1 function i.s in. The whole point of PROCESSe.s is that you can 
.. return .. (RESUME). ren1canbt"r;ng your .!ta Ct", and later continue where you Jeft off. 

20.6. £x:t1nple 

20.5.2 - 20.6 
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;"InfLially, we ure fn LISTEN 1n some PROCESS." 
<O(FINE SUM3 (A) 

SUM3 

IOECL ((A) <OR FIX FLOAT>) 
<REPEAT ((S .A)) 

IOECL ((S) <OR FIX FLOAT>) 
<SET S <+ .S <RESUME "GOT l">>> 
<SET S <+ .S <RESUME "GOT Z">>> 
<SET S <RESUME .S>>>>S 

: ••suM3. used l'tS the stnrtup function or another PROCESS. 
got~ RtSUMEd with numbers. It returns the sum o~ the last 
t.hroo numhers it was gfven every th i rd RESUME . • 
<SETG SUMUP <PROCESS ,SUM 3>>S 
#PROCESS Z 
;"Now we start SUHUP and give SUt13 its three numbers.• 
<RESUME 5 ,SUHUP>S 
'"GOT l .. 
<RESUM E ,SUMUP>S 
'"GOT 2_.. 
<RESUME Z ,SUMUP>S 
8 

17S 

Just as a 1101e, by taking advantage of MDL's order of evaluation. SUH3 could have bttn written•~= 

<DEFINE SUM3 (A) 
<REPFAT ((S .A)) 

IOECL ((AS) <OR FIX FLOAT>) 
<SET S <RESUME <+ .S <RESUME "GOT l"> <RESUME "GOT Z">>>>>> 

2:0.7. Other Coroutiuiug Fl!atures 

20.7.l. BREAK-SEQ 

<UREAtr::-5( 0 any process> 

("brea'-: t"valua.tion .6equence") return$ p,.ocess. \vhic:h 1UU$l be RESUHABLE, after having modi fied it 
so that \vii en ii is UC'Xt RESUMEd. ii will first evaluate any and thtn do an abs.olutely normal RESUME; 
the value returneod by nny i.s thrO\Yll a \vay. aind the v.-lue given by the RESUHE i$ used nortnal1y. 

If a PROCESS is BREAK•SEQed 111ore than ouce bef\Yeen RESUHE.s, all of the anys BREAK-SEQed 011to it 
will be rc1nc111bcrcd a.ud evaluated \Yhen th e RESUME ls finally done. The anys will be evaluated in 

20.6. 20.7.1 Coroutinu 
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"'last - i n r; r~r-ouc- ord('r. The FRAME. generated by EVALing 1nore than one any will have as its FUNCT 
the du111111y AT011 BREAKER. 

20.7.2. HAIN 

'\Vhen you i u ili ally start up r..tDL .. the PROCESS in which you :are running is .slightly "'special'" in 
the.se rwo ways: 

( I) Any a11e1np1 10 c-au.\e it to b~e:o111e DEAD will be met with an error. 

(2) ( MA I N> al\o,1ay.s. returns lhat PROCESS. 

The PROCESS numher <>f <MlllN> is always I. The initial GVAL of THIS-PROCESS i> what HAIN always 
return~. • rROCESS I . 

20.7.3. HE 

<H E> 

return s the rROCESS in \~llich it is evalua1e-d. The LVAL of THIS-PROCE.SS in a RUNABLE (new) 
PROCESS i.\ \vhat ME alway~ rclurns. 

20.7.4 . RESU11ER 

<RESUMER proeess> 

return.s lhe PROCESS '""liich la~t RESVMEd pl'O<tt$s. If no PROCESS ha.5 ever RESUHEd process. it returns 
#FALS E () - proce ss is op1ional. <ME> by def~uh. Note that <MAIN> does not ever have any re$Umtt. 
Exan•pl~: 

<PROG ((R <RESUMER))) ;•not effective in (HAIN>• 
HOECL ((R) <OR PROCESS FALSE>) 
<AN() • R 

20.7.5. SUICIDE 

<==7 <STATE .R> RESUMABLE> 
<RESUME T .R»> 

<SUICIDE rblval process> 

'20.7.1 - 20.7.S Coroutines 
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:ac1s ju•t like RESUME, but clobbers the PROCESS (which cannot be <HAIN>) in which it is evaluatl<d to 
the STATE DEAD. 

20.7.6. lSTEP 

< l STEP process> 

return s proeess. after putting it i1110 .. slngle·step 1node"". 

A PROCESS i n .5-inglc-stcp n1ode. \vhcncvcr RESUHEd. runs only until an applicat ion of EVAL in it 
begins. (Ir finishes. At that point iu tianto. the PROCESS that did the lSTEP is RESUHEd. witb a re/val 
\Vhich i.s. ;t; TUPLE. If an ;lpplic:ation of EVAL just began. the TUPLE contains the ATOH EVLIN and 
the :\rg111nC'n1s •o EVAL . lf an application of EVAL just finished, the TUPLE contains the ATOM 
EV LOUT and tht' rc$.ulr or rht" ~valuation. 

process \viii l"C'1uaiu i11 singJe-st~p 111ode until FREE-RUN (below) is applied to it. Until then. it will 
stop before and aftC'r each EVAL in ii. Exception: if it is RESUHEd fro1n an EVLIN bttak with a re/val 
of TYPE OlSMlSS ( PRlMlYPE ATOM), it will l•ave •lngl•->t<p mode only until the current call to 
EVAL is about to return. Thus lower-level EVALs arc- skipped over without leaving the mod~ The 
usefuh1e$$ of this u1ode in debugging i-$ obvious. 

20.7.7. FREE-RUN 

<FREE-RUN process> 

takes it$ a.rgu111e-11t <'Ut of .s.iuglf'·.5otep n1ode. Only the PROCESS that put process into &ingle.atep 
anode can 1:..J..e it out of the tnod~ if another PROCESS trie-$. FREE-RUN return& a FALSE .. 

20.8. Snc-Akine~s with PROCESSC'$ 

FRAMEs. ENVIRONMf.Nl~. TAC~. aud ACTJVATIONs. are $pecific to the PROCESS which created them. and 
each .. kno\v~ it.\ Q\Yll father". Any SUBR \vhich take$ the$e objects a5 argutnents can take one which 
was gencrAtcd by :!.!.!.Y. rllOCESS, no 1nattcr where the SUBR is really applied~ This provide$ a rather 
.sneaky nic>ans of crn~$ing bC'f\VCen PROCESSes,. The variou5 Ga$C.t. are as follows: 

GO,. RETURN. AGAIU. and ERRET , given argu1nents which He In anoth~r PROCESS, each effectively 
'"restarts"' 1hc rROCESS of its argun1cn1 and acls a5 if it were evaluated over there. If tht PROCESS in 
which it w;is ext"cuted i$ later RESUMEd. It returns '1 v~lue just li~e RESUME! 

SET. UNASSIGN, BOUND?, ASSIGNED?, LVAL, VALUE, and LLOC, given optional ENVIRONMENT 

20.7.5 - 20.8 Coroutine.s 
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argu111c11r. IVhich lie in anollocr PROCESS, will gleefully change, or rerurn. the local values of ATOH$ 
in rhe orher PROCCSS. The oprional argumenr can equally well be a PROCESS. FRAHE. or 
ACTIVATION in •otolher PROCESS; in rhose cue., each u..,s the ENVIRONMENT which is current in the place $,J><'<'ified. 

FRAME, ARGS. •ncl FUllCT will be glad ro re1urn rhe FRAHEs. argument TUPlEs. and appli"d 
S11bro111 ine 11an1es of a1101her PROCESS . lf one is given a PROCESS (including <HE>) as an argument 
insread of a FRAME, it returns all or lhe appropriate parr of the topmost FRAME on that PROCESS'• control .sr:.clc. 

If" EVl\L is applied in PROCESS Pl wirh an ENVIRONMENT argumenr from a PROCESS PZ, it will do th" 
evalu••ion in Pl bnr with PZ's ENVIRONMENT(!). That is. !he Other PROCESS'• lVAls, etc. will be USM. 

bur (I) •ny nc;;"rRAMCs nc~d fn 1hc course of rhe evaluarion will be creared fn Pl; and (2) Pl will 
be RUNNING -- nor PZ. Note rhe following: if •he EVAL in Pl eventually causes a RESUHE of PZ, PZ 
could fun~1innally re111rn 10 below 1he polnr Where 1110 ENVIRONMENT used in Pl Is defined; a RESUHE 
of Pl a1 1lois pc:>i111 would C•u•e au error due to an invalid ENVIRONMENT. (Once again, lEGAl? can b .. used ro fore~ralJ lhi.i.) 

20.9. Fin:tl Norc.s 

(l) A RESUMABLE PROCESS con b e used in place of an ENVIRONllENT In any application. Thl' 
.. current"' ENVIRONMENT of 1lu. .. PROCESS i$ effectiVt"ly used. 

(2) FRAMEs and ENVIROtmENT• can b• CHTYPEd arbitrarily to one ano1her, or an ACTIVATION can bl' 
CHTYPEd 10 eflher of lhem. and rloe result "works", Historically, lh•oe differl'nt TYPEs w"re first USM 

With diffcrcnr SVOR, - FRAHE Wilh ERRET, ENVIRONl'IENT with LVAL, ACTIVATION with RETURN -he-nc~ rh~ iU\"rnrion of diff<-rent TYP£s With .5hnilar properties. 

(3) Bug• i11 mulri-PROCESS prograllls u•ually exhibit a degr"e of •ublloty and n••liness oll1l'rwiae 
unknown ro the human mind. If when a11empli11g 10 work with multiple PROCESSu you bl'gin to ·f'~eJ that you ar~ rotpidly going insane. you are in gOOd company. 

20.8. 20.9 
C o routi n a 
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C h.apter 21. Interr upts 

The f\tDL intC'rrupt·han<Jling facililiC$ provide 1he ability to .s.ay the following: whenever •this 
e·vent'" occur.s. ''f'IP \'lhalt"\'t'r is hC'iug done at the thue and prrror1n .. this action·: when .. this action· 
is fini~ht·d. co111i1111<- \vith \Yhate\'t"r \Yas originally being done. 'Thi$ event" can be thing.s li k e the 
ty·ping of ~ C'h~rnC'C('r ~• a 1cr111inal . .- thne interval ending, a PROCESS beco111ing blocked, or a 
progra1n-UC'fi11C'd and -gC'ncratcd 00C'vcnr'·. 'Thl$ action'" is the application of a specjfied APPLICABLE 
object to arg111nent~ rro,·idC'ri by the MDL interrup1 $y.ste1n. The .sets of events and action s can be 
changed in extre1uely flexible \Y:'\y$, \Yhich account$ for both the variety of SUBP.$ a n d a rguments. 
a n d the ric:.h iuter,vea.vlug of thf' topic$ in this chapter. In terrupt handling Is a k ind o f p arallel 
procc~s.ing: 3 progr:l1n c~n bc- divided into a .. 1nain·Jever' part and one or tnore interrup t handlers 
that ex.-cu1e only 'vhcn co11t.Ji1ion& are ripe. 

2 1.1. 0Pfinilion., of Tcr1ns 

An interrupt i$ nnt an object i11 rvtDL. but ralher a cla$.S of event$, for exatnple. •ticks- of a clock. 
garbagt" collC'ctinn\, the 1yping or a character at a tcraninal. etc. 

An interrupt i\ ~:tid OCC!!! \vhcn one of the events in lt.s cla s.s take-.s place. 

An c-xtt'rn:.J intcl"rupt i'\ 011e \Yhn.s.C' occurrcncC's arc $ignalcd to MDL by the operating S>yste1n. for 
e x a1npJe. "1 ic-k$" of a <"ln<"I.: . An inteornal iuterrupt is one who$e occurrences are detected by M DL 
i1self. for cxan1plc. garbage coJlections. ~tDL can arrange- for the operating .sy$te1n not to .signaJ 
occurrcncC'.s of an external iu1crrupt to it: then. a$ fa r as MDL i$ concer ned. that interrupt does not 
occur. 

Each i1ttC'rru1>t ha\ a u;,.1u(' \Y ldch is eillter a STRING (for e->eau1ple. •sc•, •cHAR•, •wRITE") o r a n 
ATOM whit that PtlArlE in a >prcial OBLIST, named INTERRUPTS! - • (This OBLIST is returned by 
<INTERRUPTS>.) Ct"rt:tin 11l'l'11€'S IUUSt ahva.y~ be rurlher $pecifi«I by a CHANNEL or a LOCATIVE to 
tell~ intt"rrupi by that n~une i$ 111eant. 

\VJu:n an int('rrupt occurs. the intcrprctC'r looks for an association on the- interrupt"s na1ne. If th~re 
i.s an assoc: iat inn. ii~ .l\VJ\LUE sh nu Id bC' an I HEADER. \Vhich head$ a li$l of action.s to be performed. 
In each ItiEAOER i$. the na111e of the interrupt with which the IHEADER i$ or w a$ a»ociated. 

21 • 21.1 I n terr upt & 
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1 n C':'IC'l1 JllEAOER ;~ au <•f(' 111cnl 1clH11g \~hethe-r it is di.sabled. If an !HEADER is disabled. then none of 
it$ act inn\ i" pC"rfnru1C'd. Tht' opposi1e of di.sabled i.s enabled. ft i.s so111etilnes useful to di.sable an 
IHEl\DF R tcJnpnrafily. b ut rru1oving its as.5ociation '"ilh the in1errup1'5 na1ne is. better than Jong· 
ler111 cJi~;'ILJiug. Tflert" .-re SUflRs ror crea1i11g au IHEAOER. as5ociating it with an interrupt. and later 
ren1ov i ng tltr a ~~oci:.1 iou. 

In e:lch lHf-1\0E:.R j., a prinriry. a FIX gre.-1tr tha n 0 which .$pecifies the interrupt's .. i111portance·. 
The procf.'".\i11~ nf :. higlitr·pri<"riry (J:trger-uu111bered) interrupt will .supersede the proces.sing of a 
lower

0

pri('rily ( .. 111:tllC'r·11111nhercd) in r('rrup1 until the high-priority inlerrupt ha.s been handled. 

In each THEAOi-R i"- :t (pn~~i hly c-111pty} Ji.st of HANOLER.s. (Thii Ii.st Is. not a l\iOL LIST . } Each 
HAND LER corrl''pn11l1) to an ac1io11 to perror111. There!' a.re SUBR.s for creating a HANDLER. adding it to 
a.11 IUEAOCR'l'o Ii.st. ~ud J.1IC'r rC'111ovi11g h . 

I n c:tch lt/\,.H) lER ;, n f1111ction rl1ar we \viii cnll a handfcr (in lower ca.se). de.spite po.ssible confusion. 
beca u~tt tl1;lt ti rc-:dly 1he Uc)I ni\ 111e for it. An ~ con.si.sts of applying a handler 10 argutnent.s 
.suppli<"ct by th<' i111t'rr11p1 .$J~lc1n. The nun1ber and 111eaning of the argu111ents depend on the name 
or the- int('rrupt . In C'~ch HANOI CR i.s an e lc111cnt telling in which PROCESS the action should be 
perfor1n('d. 

21.2. EVENT 

<E VCNT nAn•e priority whit:h> 

creare.s :'\11d re1urn"' a.11 eu~blrd IHEAOER \Vith uo HANDLER..$. Th~ n;,me may be an ATOH in t he 
INTERRUPTS 06LIST or a STRING; if ii is a STRING, EVENT doe• a LOOKUP or INSERT i n 
<INTERRUPTS>. If thtorc ;11lrcady i.s an IHEAOER aj,s.ocialed with name. EVENT just return .s it. ignorin g 
the given pr1011ty. 

which 1uu~c be giv("n only for <::<'rlain namt-.s: 

It 11111.st bf" :l Clf/\l>INE l if and only if n~lf'l.fl is "CHAR" (or CtiAR! ... INTERRUPTS}. In this c.a.se it i.s 
rhe input CH/\flllEL fro111 cltt (p$et1do-)ter1ninal or Networl: .socket whose r eceived charact~r-s wi lJ 
C:'\U"'C' thC' iur('rrupt to occur. or Ifi e ourput CHANNEL to the p$e udo-ter1ninal or Networ k socket 
\Yho.\r dc .. ir<"d c:hnr:.ct<"r!. \Yill c-.uj,e the illfC'rrupt to occur. (See below. P$eudo-1ermi nals are n ot 
av.ail:ibl<.' in tht" Teurx :ind Top.s·20 VE'r.SiOn$.) 

Tltc ~rg 11 n1cn1 111u$r be a LOCATIVE if and only if nam4 i$ •READ• (or READ! .. INTERRUPTS) o.
•wRtlE" (nr WRITE!-INlERRUPTS). ln 1hi-'> case it specifies an .object t o be •tnonito rlf"d .. for 
u~age by ( iurE"rprf'tE'd} twfOL progra111.s (.s~cl ion 21.8.9). 

If the int<"rr11p1 i.s <'Xtc-rnal. f\.10 L arr ange.s for lhe opera ling .system to signaJ its oc:::cu rrences... 

21.J - 2 1.2 In ter rupts 
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21.3. HANDLER (th<- SllBR) 

<UANDLER ;Ju.JM/er applicable process> 

c r e-ate-<o :. 11/\NOLER, ndd~ it tn tht" front of iheado,.•a HANDLER list (fir.st action t~ be perf ormed). and 
relurn5- it :ts n \'ahae. app/i('ltblc 111ay be any APPLICABLE object that takes the proper number o f 
a rgun1enl~- (Nonc of the .argu111ents can be QUOTEd: they 1nust all be evalua ted at call time.) process 
i s 1he PROCESS in ,.,•Jiich lht' h<111dl<"r will be applied. by default whatever PROCESS was running when 
the intf!"rrup1 occurrrd. 

T he \!ah1C" rc:-turncd by lhe handler i.s iguortd. unless it is of TYPE DISMISS (PRIHTYPE ATOM). in 
which ""~<'non<' or th<- rC'n1aiuing actions in the list will be performed. 

The proct·~~iug nr O\ll interrupt'.\ actions un ter1ni11ate pre111aturely i f a handler calls t h e SUBR 
DISHISS (><C bolvw). 

21.4. OFF 

<OFF tllciidr.r> 

ren1ovcs the :..s.s.oci:\tion lJC'1\Vccn ihe1tdcr and the ua1ne of i1s lnterrupl. and thtn di$ablu iheifder and 
returns it. (An ("rfor nc:curs if there is oo as,.ociatJon.) Ir the interrupt i5 external. MDL a rra nge$ for 
the operating- sysft'tn uot 10 .signal i1s occurren~.s. 

<OFF na11Je wht'ch> 

finds thC' IHEJ\OER :.~sociatl'd '"ith ni.ro"' and proct"eds as above. retur ning the IHEAOER. which must 
be giv<'11 nuly for cer1ain n4rr1es. a$ for EVENT . Caution: if you (OFF •CHAR• .INCHAN>. MDL will 
becoinc dc-ar. 

<OFF hilndlrr) 

return~ hAndler after rc:-u10\•i11g it fro111 its list of act ions. There is no effect on any other HANDLE R.s 
in the li$t. 

Now that you LUO\\' ho,.,.. to re1nove IHEAOER.s and HANOLER.s fro1n their normal pla c;::e$. y o u n eed to 
know ho'v 10 put 1hc1u back: 

<EVE"NT iflc;1d<:r> 

If ihsader '''a"' previnu~ly di$ablc;d or disai.sociatcd from it.$ name, EVENT wlll as.s.ociate and enable lt .. 

<HANDLER ihc1tdcr handler> 

21.S. 21.4 Interrupts 
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If handler \v:i.s previously rt"JllO\•td fro111 its list, HANDLER will add it to the front of iheader•,. list of 
action.s. Nore that process c01nnot be specified. 

21.5. IllEADER anti llAllDLER (1ho TYPE>) 

Both tht"~e TYl'>es ~rie nf PRJMTYPE VECTOR, but they do not PRINT that way. since they are $eJf .. 
referencit1g. I 11.SIC':ld lhey PR.INT a.s 

ill y pe rno:•f - 1nlerestrnp.-clemen/ 

The cnntellt\ of !HEADER~ a11d HANOLER.s can be changed by PUT. and the new values wlJI then 
detcrn1inr thC' UC'h;lvior <'f J\1 DL. 

BefOf(> cl<"~cribing the t"IC'ntE"nts of the.st> TYPEs in detail. here art a picture and a P.attun, both 
purportiug to .sho'" 110\v lhey look: 

#IHEAOER (nnmP.:atom or which 
dlsablod? 

R-------- ---> #HANDLER[•- --- -------> #HANDLER [#HANDLER[) 
priority]<-------- -----• +------• 

applicable applicable 
process) <-------+ process] 

<!HEADER <OR ATOM CllANNEL LOCATIVE> 
<OR '#LOSE 0 '#LOSE ·l> 
<HANDLER HANDLER <OR HANDLER IHEADER> APPLICABLE PROCESS> 
FIX> 

21.5.1. IHEADER 

The elc11\t"11r.s of an IllLADE'R art" a$ follo\V$! 

(I) na1ue nf intlf"r'rttpt (ATOM, or CHANNEL if th~ na111e i.s •CHAR•, or LOCATI'VE if the na1ne ia 
"READ" or "'WRITE") 

(2) nnn·7t"ro if n11d only if di$ablcd 
(3) fi"r llANOl.ER, if •ny. ebe a .. ro-Jength HANDLER 
(4) priori1y 

I f you lo.,.e tr.1cl: of :tit IllEAOCR. you can get it vi;a the a$.50Ciation: 

For "CHAR" inlerrupt._ <GET channel INTERRUPT> returns !he IHEADER or fFALSE () If there is 

21.4 • 21.5.1 Interrupts 
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11 0 a~SC')Ci :ltinn: <EVENT "CUAR• 0 ch.Jnnal> returns the IHEAOER, creating it if there i5 no 
3$"-0Ci:itinn . 

for "READ" inlNrup ... <GE T local•ve RE/ID! ·INTERRUPTS> return• the !HEADER or IFALSE () if 
thel'c i' no :t!<.-,c-c:i;ation: <CVENT •READ• 0 localivtt> return-' the IHEAOER. cre.ating it if there is 
nc- :ts:r.oc::illtinn. 

for ·~wRrr E ·· illlC'l'l'UJ>l'. <GET loc~livc ~RITE!-INTERRUPTS> rtlurn~ the !HEADER or #FALSE () 
if thrr'<" i\ no :tS\OC'iation: <EVENT "'WRITE" 0 Joe.alive> returns the IHEAOER. creating lt if there 
i.5> no :l''"C'ia1 ion. 

Othcr\vi.i,e. th<" lHEAOER i~ PUT ou lhe na1ue: ATOM \Vith lhe indicator INTERRUPT. Th us. for 
ex~ 111pl~. <GCl CLOCK! - INTERRUPTS INTERRUPT> return• the !HEADER for the clod interrupt or 
l'F/\LSE () if tltt"(f" i~ no as.social ion: <EVENT "CLOCK" O> return.s the IHEAOER, creating it if 
thrrc i~ no :'t$$nc:iatio11. 

21.5.2. HANDLER 

A HANDLER '>pccifiC'.s :i pOlrlicul:tr action for a particular interrupt. The ele1·ne1tt$ of a HANDLER are a$ 
foJIOlY.S: 

(I) llCXI HANDLER if auy. el>e a zero 0 le11gth HANDLER 

(2) prt'\' iou~ llAUOL(R or the JllEAOER (Thu$ the llANOlERs of a given interrupt form a ""doubly
lin'-.rd li~1" chniuing lJt"t\YCf"n <"3.Ch 01her and back to the IHEAOER.) 

(3) handlcr tn bc "'(lplird (auyt h iug APPLICABLE that eva1uale5 it5 argutntnts -- the application 
i~ do11e 1101 by APPLY hut by RUNJNT, \Yhic.h can take a PROCESS aC"gu111ent: 5ee next line) 

(4) PROCCSS in \vhic-h rite lia11dler \Yill be applied. or #PROCESS 0, nteaning whatever PROCESS 
lY:t!) r111111i11g '"hen the iil1Crr11p1 occurred (In the for111er ca5e, RUNINT is appli ed to the handler 
and if\ nrf:'11111rn1 .s. i11 the- c11rrr11 1ly running PROCESS, \Yhich cause$ an APPLY in the PROCESS 
$IOrctJ i11 1he 11/\NOLER. \\•hich PROCESS tl1U5t be RESUMABLE . The running PROCESS be-comes 
RESUMABLE. ancJ the )!Qrcd PROCESS l>cco1ue..i RUNNING, but no othe-r PROCESS variables (for 
exautplc R( SllMC:R) :\re c htaugcd.) 

21.6. Othrr SURR• 

<ON n~ma npplic~blc priol'ify:fhr process which> 

is equivalc-nt to 

21.S.I • 21.6 Interrupts 
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ON i.s a eon1biua1io11 of EVENT and UANOLER: it creat~s (or finds) the IHEAOER. a.ssoe:iates and enables 
it. addt- a H/\NOLER 10 the front of' lhe Jis1 (fir;S.t to be perf'or1ned). a nd retu r ns the HANDLER. 

<DTSl\llLC lheader> 

1.s effec1i,·e1y <rllT ih~i*dcr 2 #LOSE -1>. Actually tht TYPE LOSE is unirnpor tant. but the -1 
siguifie~ tftn1 1htJ~der i.,. di.\ablcd. 

<FN/\81 E ihei'tder > 

i• effccri,-efy <rur iheiJdcr 2 #LOSE O>. Acrually rhe TYPE LOSE I• unimportant. but the O 
signifi<'~ 1h_.1 l hcifdttr i~ C'nabJcd. 

21.7. Prioriti<'' :tnd lurrrrnpt LC\'<'15 

At .nny f!'i\'t'll tiu1t> lhE'r<> i.s a define-d i111err11p1 !!!!!..· This i$ a FIX which determines which 
interrupt~ can r(';illy .. intrrrupt"' •• cl1at is. cau$e lht currtnt procej..sing robe suspended while their 
wanrs :trt> '-ati\fiC'd. Nnr1u~1. 11011 .interrupt progra1ns, operate at an interrupt Jevel of 0 (~e.ro). An 
interrup1 i.s pro<"t'"~~ed :ti .1.n interrupt ft>vel equ3I to the lnterrupt's priority. 

21.7.1. ln1crrupt Prncc.5>.5i11g 

lu1errup1.\ .. aclu:tJly .. Ot"CUr only at '"ell-defined points in thue: during a call to a Subroutine, or at 
criricaJ pJaC'<"C. h'itfiin SuUroutill<'5 (for exa111ple. during each iteration of HAPF on a LIST,, which 
1n:ty be C':irC"ut:tr). nr '"hile a PROCESS is "BLOCKED" (.see below). No interrupts can occur during 
garbagt" C"Oll<'C'I inn. 

What actu;tlly h:1pp<"11s \vhen a.n cn:lblcd interrupt occur.s is 1hat the priority of the interrupt is 
co1nparC'd '~·ith lh<' ('11rrc11t i111crru1>t lt'vcl. and the foJlowing is done: 

If the priority i.!ii gr<':tlcr !.~ lhe current intf'rrupt tcveJ, the currl'nt proce.ssing i5 '"frozen in its 
track.so" and proC"Ci\.ing of 1hc- ac1ion($) .specified for that interrupt begins.. 

If the prinrily i~ Je:,) than or equal 10 the current interrupl level. lhe interrupt occurrence is queued 
•• 1h.a1 i.5-. the fact chat it occurrt-d is ~aved away for proce5sing when the interrupt leveJ become.slow 
e-nough. 

When tlae l>r<lc-e~t-ing of an iuterrupt'.s actions. js cotnplet~d. MDL usually (I) '"act.$ a$ if- the 

21.6 - 21.7.1 Interrupts 
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pre.viou~ly-cxi~ling i111crr11pc le\·cJ i~ rcsrorcd. 01nd proceuing continues on what wa$ 
(perhJtJ>!- fnr 110 tj11.1c du~oitin.n): ttntl (2) "acl& as if" any queued interrupt occurrences 
occtJrrrd righ1 th<'u. 111 rhe1r or1g111al order of occurrence. 

2J.7.2. INT-LCVEL 

T he SUBR INT-LEVEL is usrd to e-xan1ine a nd change the current interrupt level directly. 

<INT-LEVCL> 

sintply return.~ the eurrc111 j111errupt JeveJ. 

<HH-LCVCL fix> 

18!1 

left off 
actually 

chang<'"' thr lnlerrupt Jp,·eJ to ii~ ;irg t1111t'11t and returns the previously-existing interrupt level. 

J f "!Nf-LCVEL '"'"'<'rs lh<' intcrr11p1 levl"I, it docs not "'really .. return until all queued occu r r.ence.$> of 
interru1>t~ of priority higher lh:ln the 1arget priority have been processed. 

Sort i 11g I ho I<IT-L£VCL extremely Ii igh (for example. <INT- LEVEL <CH TYPE <HIN> FIX») effectively 
disables a II i ntt:"rrnpt.-. (but nccurrC'nc<'~ or enabled interrupt$> will still be queued). 

l f LISTEN or ERRO~ i . ., calJed \Vheu t lu.• IUT-LEVEL is uoc zero. then the typeouc will be 

LISTE:IHNG-AT-LEVEL I PROCESS p I NT- LEVEL I 

21.7.3. DISMISS 

DISMISS pcr111i1.s :l hnndlpr In rel urn au arbitra ry v.aJut for an arbitrary ACTIVATION at a n arbitrary 
i nt~rrupc lcvl•I. ·rh<' call is :.s follows: 

<OISM1S5 v;:,lua:;1ny ac/iv11f;on inf•level:fix> 

where only tlif' vnlve is rc<tuircU. If ifclivation i.s on1i1ted. return is to the pJaee interrupted f ro m , and 
v~fue is ignored. If i nf .. /evel i.s 01nitcc-d. the INT-LEVEL prior to the current interrupt i$ r e.sto red. 

21.7.1 • 21.7.3 I nterrupts 
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21.8. Spccific lnl ('r-rupts 

Oescripl io11.s nf tl1e ch.1racteri~ric$ or pa r licu la r ·buih·in" f\.fDL interrupts follow. Each i.s na1nt'd by 
its STRING o:tt'1<'. £xp<"er 1hi$ li!it co be inco1uplete yt.sltrday. 

"CHAR" i$ ('U(r<-11tly 1hr inn'' co1uplf'X built.in interrupt, brcause it serves duty in several ways. 
The~e diffrre111 \\·=-ys \\/ill be describt>d in .several different sectioos. All way.s are concerned with 
charac1r;-rs nr 1n.'lcltin<' \YOrd.s that Arrive or depart at unpredictable thne.s. bt-cau.se MDL is 
co1111nu11ic:11iug '"i11t a pcrso11 or another pr-occ.s.sor. Each "CHAR" IHEAOER ha..s, a CHANNEL for the 
ele1ue111 fh<ll na11u".\ the itucrrupr. ~ud 1he uu,de of Che CHANNEL teJJ.s what kinds of • cHAR • 
in(errupt~ n(jc;:11r 1n IJe l1:111dled lhrougli rha1 IHEAOER. 

( 1) If rh c CllAllNE'L i.s for i11p11t. "CHAR" occurs every ti111e ~n '"in teresting .. character (see below) 
i~ rrrf'ivc-d fro111 1hc CllANUEL·s r<>al tcr1ni11al. or any character is receiv~d fro1n the 
Cll/\NU t= L'~ p~<'ttdn-1cr111t11nl. or a character or word is received from lht> CHANNEL'~ Network 

.s_o,-Ll"1. or i11dt"ed (iu 1l1e ITS \•ersion) the oper~ting syste1n generate.s an interrupt for a ny 
rC':l."OU . 

(2) If thr Cl l l\fH.srt i.s fnr o u t1lut to" pscudo·ter1ninal or Networlc sock.et. •CHAR• occurs every 
li1ne- :'I C'l1 :.r:icter or " 'Ord i$ '"' ::anted. 

(3) If lltC' CH/\l~l>IE:L is for outpul to a ter1niual. "CHAR • occurs e-very ti1ne a Jine--feed character i.s 
0111p111 or ( in 1hc 11·5 vcr.,.ion) the operating sy.sten1 generates a s,creen·full interrupt for 
1he f<"r111i11al. 

21.8.L "CtlAR" r<"(';C"iVt"d 

A handlt>r for au input "CH/\R'" iu1errupt 011 a real ter1ninal 1nust Lake two argument$: the 
CHARACTER \vltich \V:t~ 1ypC'd. a. 11 d the CHANUEL on which it was typed. 

In 1he lTS \'t"r ... io11 . lhr -iul<"rr.\1i11g" character$ are thos.e "enabled for interrupt$ .. on a real ter1ninal, 
nan1<'ly ..... @ throu!=h ..... G ..... K through ..... _. a11d DEL (t hal is. ASCII codes 0-7, 13-37, and 177 octal). 

In thl" T<'ll<'X .anrl Tor~-?.o V<"rl>ion~. th~ operating syitC'1n can be told which character.s type-d on a 
tern1iu3I ~hnuld cau._t" rhi~ intC'rrupt to occur. Uy calling the SUSR ACTIVATE-CHARS with a STRING 
argu111e11t co11tai11i11g 1lao:-.e character5- (110 1nore than six, all with ASCII codes less than 33 octal). If 
callC'd '"·ich 110 :.rgun1C'n1. i\CTIVATE -CllARS returns a STRING containing. the characte-rs that currently 
inll"rrupr . lui1iall y. only ..... 6. ""S, and ,.0 inte:rrupt. 

An inillo.J ~tDL ~lrcady ha., '"CHAR" t>11abltd on .INCHAN with priori1y 8 (~ight), the SUBR QUITTER 
tor a 11:.ndlC'r, ro ru11 in l rROCESS 0 ( rl1l' running PROCESS): this is how "'G and ..... S arc processed. In 
addirion . rvery rilnc- a II<'''' CUANN CL is OPENC'd in •REAO" 1nodc ro a terntinal, a $ilnilar !HEADER and 
HANDLER :'lrE' :.s~<"("i;11ed '"'irh lh~I ntt\V CHANNEL au101natieally. The$e auton1a.tically-generatcd 
IHEADERi and llAllOLERs use 1h c ~tnnt.lard 111a.chintry. and they can be DISABLEd or OFFed a t will. 
llowc•·c r, rhc IllCADCR for , lNCHAN •hould nor be OFF'td: MDI. know• that S i• typ~ only by an 
inlerrupt! 

21.8 • 21.8.1 Interrupts 
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Exau1pfe: thf' foJlo,ving ca.usfl!& Cht> given 11u~s5ag~ to be printed out whenrver a -v i5 typed on 
.INCHAN: 

<SET H (HANDL£R <GET • INCllAN INTERRUPT> 
'rUNCT{ON ((CHAR CHAN) 

IOECL ((VALUE) ANY (CHAR) CHARACTER (CHAN) CHANNEL) 
(AND <==? .CllAR !\AY> 

<rRJNC q (Some of my best rriends are ,,...Ys.J •>>)>>S 
"llA"l>LER iFUNC T 1011 ( (CHAR CHAN) . •• ) 
<• 2 -v [Some or my best friends are ,,...Ys.] 2>$ 
4 

<OFF .fl>S. 

"HANDLER i'FUNCTION ( .. • ) 

Note th"t occ11rrc11cc.~ of "CltAR" do !!.21 wait for the S 10 be typed, and the int~rrupting characre.r is 
01ni11cd (rout rhe i11pur t.lre.-n1. 

A "CHAR" i1"crr11p1 can ;:al~o bl" associated with an input CHANNEL open to a Networlt s.ocltC!t (•NET• 
device). A lt;indJC'r grts :ll)pJicd ft> a NETSTATE array (which see-) and the CHANNEL . 

(n th<- ITS ' 'er.'°iou. ~ "CHAR" interrupt c.:tn also be auociat~d with an input CHANNEL open to a 
psc11<.10-1cr1ni1t~I ( .. STY .. dc\•ict· and friends). An interrupt occurs when a character i$ avai lab le for 
inpul. Th('~r inlc-rrupt.~ <\rr set up in exac1ly the $ante way as real·tt"rtninaJ interrupt.s. except that a 
handle1· grt~ :.;ppJied 10 011Jy fill! argu111eul. 1he CHANNEL. Ps-eudo-terminals are not available in the 
T enex a ntl Top$·-20 version~. 

For ""Y othrr fl:t"·or or ITS cha11nel lnrcrrupt. a handler gers applied to only ~ argu ment. the 
CHANNEL. 

21.8.2. "CHAR '" \vauleod 

A "CHAR" iUIC'rrupt c.in he- as.so<:.iated \Vi1h an output CHANNEL open to a Network soclcet (•NET• 
device). A handler g<'l.S applied to a UElSTATE array (which .see) and the CHANNEL. 

111 the JTS ,·er~ion. :. "CHAR" interrupt can also bt' a5sociated with an output CHANNEL open to a 
p.seudo-1cr111i11:.I ("STY" dc\·i<'<' and friends). An interrupt occurs when the progra1n at the other end 
nt"ed~ :ti cl1:ar:ictC'r (and the opcra:ti11g-sys1c111 buffer is e1npty). A handJer gets applied to one 
arguntenr , thP CHANNEL. r~eudo~ter1uin~J.s a re not available in the Tenex and Tops~20 version.s. 

21.8.3. "' CllAR" ror llC\v line 

A handler for a11 ou1put "CHl\R"' i111errupl on a real Ler1ninal n1ust take on~ or two argu1nent5 (using 

21.8.1 . 21.8.S Interrupt. 
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"OPTIONAL" or "TUrLE"): if l\VQ argu1ne111s are supplied by the interrupt systent. they are rhe line 
nun1ber (FlX) and th<' CHANNEL, rcspccriv<!Jy, and the interrupt is for a tine·feed: if only one 
argu111ent i\ ;o.uppli"d (only i11 th e ITS ver$ion), il i!> the CHANNEL. and the intt-rrupt is for a full 
1er1nin:ll .6creen. Nnte-: tht- .supplied liue 11u1nber c:on1es fro1n rhe CHANNEL. and it may not be 
accur:.tc- if lh<' progran1 ~leer~ it in sub11e ways. for exan1ple. via !HAGE calls or special c:ontrol 
eharac:trr~. (Tiit" prngra111 can con1pcnsatc by PUTting rhe proper line nu1nber into 1he CHANNEL.) 

21.8.4 . "GC" 

"GC" occurs jus1 .,_f~r_ every garbage collection. Enabling this interrupt is the only way a progr am 
can kno\v 1l1a1 a !!;lrb:.gt" collt"ction h:i~ occurred. A handler for "GC• takes three arguments. The 
first i~ ;t r-tOAT i11dic:t1ing thc.> 1u11nber of $<'C011d~ the garbage coJJection took. The second argu1nent 
i~ .a FIX indi<"atin~ lh<- c-:au .. <> nf tht" garbage colJectiou. a s follows (chapter 22): 

0. Pro~r;\111 c01llC"d GC. 
1. l\.1ovabJe ~toragc \va.s c:i..haus.tt"d. 
?.. (:ontrol t.racl.: overflO\\'C'd. 
3. Tnp .. Jll"\'t>I LV/\l\ cn·f'rflrnv(>d, 
4 . GVJ\L "'<'Clor OVC'tf l o\v~d. 

5. TYrE \'("('IOr ""'rr(JO\\'Cd. 
6. luunnv:ihlr g:trh:tgt'·CQIJ('Cf<'d .5torage was exhaustt'd. 
7. lnter11;tl .!olflc-:k o\·t-rflo'"'ed. 
8. Bolli cn111rnJ a.lid internal ~tacks. overflowed (rare). 
9. Pure ~tnragc \V<l.5 c:\·ha.11\tcd. 
10. Second. f'Xha11~1 ive garbage colltt1ion occurred. 

The third arg11111('11t i.5 an ATOM indicating wha1 initiated the garbage collection: GC-READ. BLOAT. 
GROW. LIST. VECTOR. SET. SETG, FREEZE. GC, NEWTYPE. PURIFY. PURE - PAGE-LOADER (pure 
$lOrage '"a~ exha11'\tfl'ci), or JNTERRUPT-l lANDLER (stack overflow, unforlunately). 

21.8.!i. "O IVf:RT-AGC" 

"OIVE:RT-/\GC" ( .. Aurn111:t1ic C:.rbage Collection") occur.5 just ~a deferrable garbage collection 
thar i~ llC'<'d<'d hrc:t11~c:- Qf t'~l1au.\tcd 1uovable garbage-collected storage. Enabling thi.s interrupt is 
the on ly \vay >l prngran1 can kuO\\' that a garbage collection i.s about to occur. A handler takes two 
argun1ent$: a F JX 1rJling tht> n111nbrr of 1na.ch1ne word.s needtd and an ATOM teJling what initiated 
the garb:\g<- <"ollectinu (.se<" :tbO\'C'). If it wi.\hto&. a h~ndler can try to prevent a garbage collection by 
calling BLOAT ''' ith 1hc r1x arg111ur11r. If the pending request for garbage-collected storage cannot 
then be 4 .. ::atts,fiecl. a garh;lge collC'ctiou occur1' anyway. AGC-fLAG is SET to T white the liandJer is 
running . .so that ne\v .sforagt- rt>que~t.s do not try lo cause a garbag~ collection . 

21.8.3 - 21.8.5 Interrupt• 
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21.8.6. •CLOCK" 

•CL.OCt::."' . '"'h<'n C'n:tl.Jled. occurs e\'ety half stc·ond (the ITS •.s,low·clock'" tick). Jt Is not available tn 
the Tenex :ind Top.5·'2:0 vcr.sion5, It wan1s handler~ which tal<e no aJ"gun1ent$. Example: 

<ON "CLOCK" <FUllCTION () <PRINC "TICK •» l> 

21.8.7. "OLOCKfD" 

"'BLOCKED" flcCUf.) ,,·hcnc."\'f?r f\1.1.l'.. PROCESS (not only lhe PROCESS which 1nay be in a HANDLER) &tarts 
\Vaitine for IC'raninal input: 1hat i.s. an oc<:urrenci: indicate$ that "10111ewhere • .so1nebody did a READ. 
REAOCilR. UFXl CllR. 1 Yl, rrc. to a rer111inal. A handler for a •sLOCKEO • interrupt should ta Ste one 
nrgu1ne111. 113 1n<"I)' th<" PROCESS '"h ich s1ar1ed wailing (which wiJl also bl" the PROCESS in which the 
handler run•,. if no ~pecific one i$ in the HANDLER). 

Exa1nple-: thr follov.dng \viii cau.5e MOL to acqulte ·a • pro1npting character. 

<Oil "BLOCKED" IFUNCTION ((IGNORE) <PRINC !\">) 5> 

21.8.8. "UNBLOCKED" 

"UNBLOCKCO" oceur~ \\'hcucvcr a S tESC) i.s typed on a ttr1ninal if a program wa$ hanging and 
waiting fnr inp111. or \vhcn a TYI call (\vhich .see) i$ .satisfied. A handler takes one argument: the 
CHANt~EL ''ia '"liicli 1he Sot character is input. 

21.8.9. "READ" aud "WRJlE" 

"'READ" and '0 WRITE" are a~~oci31ed \Vitti read or write rcference.s to MDL objects. These interrupts 
are oftl"n callr(I ··111nnhnrs ... and enabling the in1errupt is ofceo called .. 111oni1oring· the associated 
objec r. A ··rt>a.cl rPfere11c-e .. 10 au ATOM • .$ local value include.$ applying BOUND? or ASSIGNED? to the 
ATOM; ~ii nil<\rly fnr a global \':tlue :tnd GASSIGNED?. If the INT-LEVEL is too high when •READ• or 
•wR ITE 11 OC<'ur.s. au C'rror occur~. bcc:au!>c occurrences of the~ interrupts cannot be queued. 

~toni tor~ are ~el up \\.·ith EVENT nr or-1. u~i ng a locative 10 the object being 1nonirored a$ the extra 
Which argu111c111. j11~l :l~ a Clif\NNEL i,) givr11 for "'CHAR". A handler for "READ• takes two atgu1nents: 
the loc::ati\'C and the FRAME etf 1he functiou application that 111ake:.s the reference. A handler for 
"WRITE 11 1al..e~ rhrer ::.rg111n<-nt.s: the locative, the ne\v value. and the FRAME. For exatnple: 

<SET A (I Z 3)>S 
( I Z 3) 
<SEl B <AT .A Z>>S 
iLOCL Z 

21.8.6 • 21.8.9 Interrupts 
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<ON "WRllE" <FUNCTION (OBJ VAL FRH) 

#OEC L ((VALUE VAL) ANY (OBJ) LOCATIVE (FRH) FRAME) 
<CRLF> 
<PR !UC ,.Pl"'ogram 

<PRLNI .OBJ> 
<PRI NC . to 
< PRTlll .VAL> 
< PIUllC . via 
<PR INI .FR"> 
<CRLF » 
4 o . B >S 

") 

"> 

... llANOI FR IFUNCT ION ( •• • ) 
<I .A IOH 
(10 z 3) 
<Z .A ZO>S 

changed •> 

Program chang~d ; LOC L 2 to 20 vi• #FRAHE PUT 
(10 zo 3) 
<OFF "WRITE• .B>S 
'fll(AOE R #LOCL 20 

2 1.8.10. "SYSOOWll" 

"SYSOOWN'" oc-C'ur"' \vh r 11 ;i sy.o. te1n·goi11g -down or sy$tent-tevived signal i5 rec:elved frorn ITS. It i$ 
not a"·ai1~1Jll~ i11 rhe 1·e11ex a.ud Top~20 vetsion~. If no IHEADER is a..ssociated and enabled. a 
warning i ' prioicf'l 011 rhc 1cr1ni 11 al. A handler t2ke.s on~ .argu111ent: a FIX giving the nu1nber of 
th irtieth\ of:. $rrond uur i l fh~ shuldO\VU ( -1 for a reprieve). 

21.8.ii. "ERROR" 

In an effort 10 \ilnplify error h:tndliug by progran1s. ~1DL has a f a cility allowing errors t o be 
handlt"d like io1crr11pt~. SETGin g ERROR t o a 11.ser function i.s a di.s.ta$teful 1nethod. not &-afe if any 
bugs. <'rt' arnuud. Au "CRROR" i11tcrrup t w::t1115 a h.andler that takes any 11utnber of argun1ents, via 
1
' TUPLE". \VJ1 e11 :lit \Jr'ror of'~urs. h:tnrllrr$ are applied 10 the F'RAHE of the ERROR call and the TUPLE 

of ERROR :trgu 111rn1~. If;\ gi\'f' n liandler .. lake.s c are of th e error' ... il can ERRET with a value- from the 
ERROR FRAHE. :tfl<'r h-.\ring dnuc <I NT- LEVEL O> . If 110 handler take..s ca,re of the error. i t falls Into 
lhe nor1H:tl CRROR. 

If au err o r t•ccur.\> :ii an lt,T- LEVE L greater than or ~quaf to that of the •ERROR• i ntc,rupt. real 
ERROR will bc call<"d. b<"C.1U.\e "ERROR" in terrupl.s cannot be queued. 

21.8.9. 21.8.11 Interrupt• 
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21.8.12. • IPC" 

• IPC" occur.s '"h<'n a 111c!t.sage i.s rC'ceivt"d on the ITS IPC devict' (chapter 28). It i$ not available- In 
the Tenex aud ,-·ops.·20 \'c,>r4ion.s. 

21.8.13. "INF ERJOR • 

.. INFERIOR"' nrC"urs. \Vht-11 au inferior JTS pro<:e.s.s interrupt.s the 1'-1DL prc>ce.$.5. It is not available in 
rhe Tene~ :llld Tnp~·?.O VC"r.\ions. A handl('r take.s one argu1ncnt: a FI X between 0 and 7 inclusive. 
telling \Yh ich inf<"t'ior 1>rocr~.s i.J interrupting. 

21.8.14. "RUNl •• :tnd ''RFl\l T,. 

Tlie.sc- are 1101 ot\•ail.-ble in 1ht" Tc-nex and Top$-20 ver.siou.s. 

•RUNT". if en:lblrd. oc-eur& ~· N .second,,. or MDL running thnc (CPU thne) af"ter calling 
<RUNTlMER N:!tx-or - fJ021t>. \vhicl1 rt"ruru.s it.s argu111t"11t. A handler takes no argun1ent.s. If RUNTIHER 
is calf<."d '"ith no :trgun1('tU, ii rf'turn$ a FIX, the nu1nber of ruu-thue seconds left until the interrupt 
occu,.s. n,. .M F Al Sr () if 1hc in1<'rrup1 i.\ 1101 going lo occur. 

• REAL T". if <"ll:tbl(>d. nccur.5> t'\'t!r)' N .$eCn11d~ of rea1.world rhne after calling <REA LTIHER N:fix-or

float>. \Yhich rC'lt1rn~ ils :trgu111e11t. A ha.ndJcr lak~,,. no argu111ents. <REALTIMER O> teJJs the 
oper~ting ~y~tC'111 1101 tn g<"ncra1e rcnl· lilHt" interrupts. Jf REALTIHER I$ called with no argutnent, it 
r~tu,.11& :t FIX. t li r n 11111hrr of renl·thne secouds given In the 1nost recent call to REALTIHER with a n 
argu1neut. or #FALSE () if REALTIMER has not bt>en called. 

21.8.15 . .. Daugrrou~" lutt"rrup1s 

•Mpvn C''n1C'nlory 0 prntcc1ion vit>l;ltion"> occur.J if ~lDL rrics to ref~r to a storage address not in it5 
addrP."~ !.pnc:<>. 

1
•f)UitE. " nccur.s if ~iDL tric-.s to aller read-only srorage-. "ILOPR• occurs if MDL 

execut(>\ ~n iJl('f!;ll i11~1r11ctin11 ( .. operator"). "PARITY" occur.s if the CPU detects a parjty error in 
MOL"~ addre~s. "J>:tce. AJJ of lht";Se require a handler that 1aJ.:.e-' one argument: che addreM (TYPE 
WORD) f ollo\ving 111<" in.$.1ru c1ion thal \va.1 Uciug executed at the titne.. 

"IOC" oc<-urs. if l\fDL trit"~ 10 deal iJIE"S"aHy wirh an 1/0 channel. A h.andler 1nus.t take two 
argu111('111~: a rllrce·ch.~111c11c FALSE like one that OPEN 1nighr return. and the CHANNEL that got the 
crro,., 

ldC"ally. thc:..\t" i111(1-1·rupt.s s.hQufd "~'·er occur. ln fact , in the Tenex and Tops-20 ver5ion.s. the-se 
i11terru1>t.s al\\•:tyl> 1:0 10 tht" ~uperior operating•$y.ste1n process Ju.stead of to MDL. In the ITS 
version. if and \Yl1c11 a "dangerou.s.'" intt'rrupt doc.s occur: 

21.8.12 - 21.8.15 Interrupts 
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ff nn fftEADER i~ a.\~oci;.llt'd wi1J1 the interrupt. then the interrupt goe.s t o the superior 
(lpera l in~ -.!>)' lo te n1 ,, roce.s5. 

If an IJIEllDER i> a>.><>~iar<d b 111 disabled. lht error OANGEROUS •INTERRUPT·NOT·HANDLED occurs 
(FI LC ·SYS l(M-(RROR for • 1oc•). 

I f an fHfJ\OFR i~ a~inci:ttPcJ .:tnd f"nablcd. bur the INT-LEVEL is too h igh, the error ATTEHPT-TO
OEFER•UNDEFERllBLE-INTERRUP T occurs. 

21.9. ll !-('r- Def i 11ect l }.!..!.£!!.!!J> r~ _(IN TERRUPl) 

If the." i 11 tC'rru p1 n:. 111r !:iv<' n to EVENT or ON i.s !.!.!!!. one of the ssandard predefined interrupts of MDL. 
th e y \v i ii g lt'rfully <:l"<".-tt' 01n ATOM in <INTERRUPTS> and an a.ssociated IHEAOER anyway. 1naking the 
as.su1uption 1h .. t ynu ::.re ~e11ing up a '"prograau-defined .. i n terrupt. 

Progratn-clC"'fin("d inrrrrupl$ Jlre utade to occur by applying the SUBR I NTERRUPT. as in 

<INTERRUPT ndme ;.rgJ • .. argN> 

wherE" n.t11nc- i' :'.\ STRJUG , AfOM or TllEAOER . and argl through argN are the argurncnts wanted by the 
handft"rs f"9r lliP i1ttC'rrup1. 

I f rhe inr<"rru p t "-J)<'cificd by INTERRUPT i .~ enabled. I NTERRUPT returns T; otherwise it relurn.s 
1'FALSE (). ,\fl thr 11~11:.I prinrity ~nd f111<'11C'ing rules l1old, .so that even ff INTERRUPT returns T, It 
is pol>.,,iblc 1ha1 no1hi11g "'really happened .. (yet). 

I NTERRUrT e au nl.'n he'.' u .. rd tn cau\c .. artificial" occurrences of standard prMefined MOL interrupts. 

t\f:i.king :\ J)rngra111-dtofin<>tl illlt'rrupt oc-cu r i.$ .si1nifar to calli ng a handler directly. but there are 
diff<'r('HC<'" .. ·rh c ,·a l11 c rC't11rnC'd Uy .a h<4ndJ«!r is iguort"d. so side effttts 1nu.st be used in order to 
co1111u11 11h :\I(" i11 rnr111atifl11 h aC'L 10 1hc CAiier, other titan whether any handler ran or will run. One 
good 11."-f" fnr ::t ("lrf\):1' ."l111 °drfi 11 c-d iuf("rrupt i$ to u.se tl1e priority and queueing n1achine-ry of INT
LEVEL tn c-n 111rol rhe <"Xt'r-u tinu Qf f1111c1io11.i 1hat u1ust noi run concurrently. For exan1ple-. if a 
"CHAR .. hnnrllC'r ju-.1 dC'po.ioir~ cl1aractC'r.s in a buffer. then a function t o proce.s.s rhe buffe-red 
c haract('r'i \ho11Jd prf'lh:thly run a1 " higher priority level •• to prevent unpr·edict.able e h ange.s to the 
bufft"f duri n g lhc• prnC'f""-,"-i11g ·· and ii i~ t1<ttura l to invoke the- proceuing with INTERRUPT. 

111 111nre exotic ap1>lic<'linn ... INTERRUPT C4ln l>ignal a condit ion to be handle-d by an unknow n 
n111nl.J<"r or i11th·p<'nclc 111 '111rl "11.1111cJC'.s .. - functions. T he funccion.s are .. 11an1ele-.ss .. bee.a.use the- caller 
doe.sn'c J,; nn\11 lh<-ir JH\Ulf".i. (lu ly the 11a111e o( rhe interrupt . Thi.s progra mming style i.s •nodular and 
eveut-clriven. i\11t.I ii i.,, oue ""~Y of i111pJe1nenli ng '"heuristic .. aJgorith m.s.. In addition, e·a ch HANDLER 
h as a PR.OC(SS io 'vhicl1 ro 1'11 11 it.s. h aud lc r. aud .s.o the diffcren1 handler.s for a given c·ondition c .an 
do lh<'ir lldng in different e nvlron1n('nts qui te ea sily. with Jes.s explicit control tha n when using 
RESUME. 

21.8.IS. 21.9 Interrupts 
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21.10. \Vni1i11g for l111crr11Jl.!! 

21 . 10.1. HANG 

< llANG pred> 

.su-\pend-\ exec111in11, b11erru1>tihly. \vitl1011t cnn.su111i11g any CPU thnc. poten1iaHy forever. HANG i5 
handy f<-r a proi! r:.111 rhnt ca111101 do a11y1hi11g until an interrupt occur.s. Jf the optional prcd is 
given. it i .s C'V<'l11nt <:d <"V<'ry tin1<" "'n interrupt o-ccur.s and is di.s1nJsscd back into the HANG; if the 
re.suit of r,·nluatinn i~ not F/\LSE' . HANG uuhang.s and returns ir ilS a value. Jf prM is not givien. 
rhere ha.d bC'tlt'"r Le :t n:a.111ftd /\CTIVATION son1t:where to which a handler c.an return. 

21.10.2. SLl:E P 

.su~peud.~ t"'X<'<"t1tin11 . intrrrurrihly. ""ilhout con.sunling any CPU 1itne, for time .seconds. where time Is 
non-neg:tti\'t". nnd 1J1("1t rt"lurn.s T. prcd i.s the saane a.s for HANG. 

21.10 • 21.10.2 Interrupts 
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Chapter 2 2. Storage Management 

Tht- rc-n\nn lhi$ cli~pt<'r c-n1ne.s .\O tare in 1hi& docu1nent is that. except for $pecial cases. MOL 
progr'11n~ ""'"'<' thC'ir ,'li.toragC' uccds handl<'d a.u10111atically. Thtre is u.suaJly no need even to con.sider 
.\tor-ag" 111au:•g<" 11u·n1. t"xccpt as. it :lff<'c·1.s C>fficicncy (chapter 24). This chapter gives some 
expJ;\1t;ttinn nf \Vh )' tlti.s i\ .1.0. ;1111d covrrs those .special llH!'ans by which a program can ot..ss.ume 
control of ~lOr:lg<" 111:anagC'1nE"nt. 

The J\1 or. :.tfdr!'.\tli. Spac(' i.\ divided into fivr parts. Which are usuaJly called 

( J) 111 ovablc- ga rlJ:t!!e .. cnJJC"cled !.pace. 
C2) i1111110"·~1Jlc- ... ,,~<'<" (lH:>th garbagt"-collected and 001). 
(3) U~f"r f)Ul"E"/ p:i!:<' ~p:t("('. 
(4) pure--RStlllR 111:tp1>ing ·"1>acr. ;tlld 
(5) i111erual '\fnr~g-c-. 

l nreru:-.1 '\fnr:'l~r n('("upir ... hn1h Ilic h igh<".SI and Jo,vc.st <1ddrcss.es in lhc addrc.ss &pace. a11d its size 
never C'l 1a 11 ~r.-. ac. f\1 Ol. <'Xf'<-•Ht".1-. Tlae otltt>r spaces ca n vary in .size according to the nee d.s of the 
t';"Ccc u11ng p1·ng r.'l111. Ccnt•r:. l ly 1Jie iu re:rprettr allocates .1 co1uiguous ser of addresses for e ach space. 
aud ~:.<:It ~P"<"'<" ~ r-.du:-ilJy fill .... up :1$> llC\v oOjC'ct.s are created and as disk flle.s are tnapped in. The 
acl ion takrn ''' ll <"ll ;i 'Jlace hrc:nn1("~ fult v:iries. as discus.scd below. 

Mo.sot .$-tnr::- gc- uc.c-d c:-x plic i1ly by ~tOL progra111.s is ol>1ai11cd fro1n a pool of free storage 1nanaged by 
a "garhny:<- <'''dfr('tnr"'. S1or-. gc i~ C\btaincd fron1 this pool by the SUSR.s which construct objects. 
\Vhen !-t1ch :l SUBR fi11d.-. rh3 1 tlte po('IJ or available .storage i.s exha u.sred, it autornaticaJly ca lls the 
garbage <:f)IJt'c;:1or. 

TJi~ g:lrh,i. g " C"n llr<" fnr ha.\ t\v(I nlgoril h1n.s av;cil>lble to it: th' "copying .. algorilhm. which is used by 
default, ;\Ud tht' "111:\rl-.s\vec1>" ::ifgorirh11t. Act ually. one often .speaks or (WO .separale garbage 
c-oll~ctor.s.. 1he .. copyi u g-"' Oll C" :.nd rl1e .. 111ark•.s\veep·· one, because each is an independent tnodule that 
is anappt"d in '" 1J1e in•<"rpr!'tc-r".s in,crnaJ .scoragt' fro1n disk only during garbage- collection. F or 
si1nplici1y. thi.s d('lcu1n<-or .spt":.k~ of "'the- garbage coJlector, which has two algorith1ns. 

22 • Z2.I Storage Man agemen t 
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The garb:agf' <'Olh.·crnr ex:n11i11t"~ lhc- s.1nrage pool and 1nark.s all the object.s there • .separating the1n 
inlO f\vo cl a~ .. ('o,: 1hn!IC" \vhich ('..,'l1111ol pouibly be referenced by a progran1. and those which can. 
The ''cop)' ill'!" al~nrilh111 lhC'u C'>1>iC's Che Jailer 1nlo on~ c:o111pact section of the pooJ. and the 
re1n:tillcl<'r or Iii<' pnnl i\ 1u.-.d<' avail:tbh.• for 11('\vJy constructed objects. The .. tuark•.$Weep'" algorithm. 
inste~d. put' all tlhj<"C:.I~ in lhE" fcir111E"r c l:t.55 (garbage) into "free Ii.st&"', where the object~con.struction 
SUBRs can fintl ahrtn :tth.I t<'·llSt- fh(>ir storag(>. 

If 1he req11r ... 1 for 1nn1C' s1or:tgc ~till c;inno1 be .satisfied froni reclahned storage. the garbage collector 
'"iJJ attt"1up1 10 obtain 1nnre 1oraJ .s.1orage front thtt opera1ing .syste1n under which MDL runs. (Also, 
if 1here i\ " t:rn~s. 'llJ>Cf'fluity of ..s.toragt> ~pace. the garbage collector will politely return .some 
storngC" ro rl1r npC'ra1i11~ c.y$1C'u1.) Only when the total syste1u re.sources are exhausted wJIJ you 
finally lo.s(". 

Titus. if ynu jusl '"fnrg("r about .. an object. th.-t i.s, lose all possible 1neans of referencing it. its 
.$tora.gc otrra i"S :uun1u:"t1 iC":.lly rt'clai111cd. "Object'" in this context includu that stac.k·structured 
.storagf' ·""(l:4<"C!' u""cl in PROCFSS<".s for f11ncrionaJ application. 

22.l.I . Stac-k& aod Oth('r 1 ntrrn:.I Vectors 

Control $.l:.ck~ ;.trtt 11,.ed i11 ~tnL to con1rol the changtt.s in tnvironnt(>flt caused by caJling and 
binding. E:i(·h acti\' C rROC[SS h:is it5 own control stack. On this stack are stored LVAU for ATOH.s.; 
PRIMTVI'£ lUl' LE ,, \\·hirh :tr'<' t1th<'r,vi.sc lil:e VECTORs.: PRJH'TYPE FRAME.s. which are generated by 
c.alllns Suhro111i11c-s.: s:1 11tJ /\CTlVATIOIJ.s, which are generat~d by calling FUNCTIONS wirh named 
ACTIVATION\. PROG. nnd RfrEAT. TAC and LLOC can 1nake TAGs and LOCOs, (rt-.speetiveJy) thal refer to 
a .spC'ciric pJ~cc 011 a spC'ei(ic control $fack. (LEGAL? returns T if and only if the portion of the 
control .sra ~k in '"ldc:h its nrs111l1<'11t i~ found or to \vhieh it.s argu1nenl refers is still active. or if it$ 
argu1n(>nl c.tnesn't (>;tr"° nhn11t the coitrrol .)faek. The garbage collector n1ay change a non-LEGAL? 
object to TYr'E lLLEG/\L hf'f"re rec.lni111i11g it. ) A.s 1he \YOrd '"st~ck .. hnplie.s, things can be put on it 
and r·etnovc-d frn111 it :tt onJy one end. called the top. It h as a 1naxin1u111 .size (or depth). and 
atretnptiug 10 pul tnn tnany iltiug~ nu it \viii cause ovtrflow. A .stack is $lOred like a VECTOR. and 
it n111sr be GROWn if :ind ,..,hen ir overflo\'1$. 

A control .\tack i., nrl11ally t\VO ~tack" in one. One .S<'Ction is u.s.ed for "'top-Jevel- LVALs - those SET 
'vl1il~ the Al0l1 is HC'U bnund hy :iny ac1ivc Function's argun1cnt LIST or Subroutine·.s SPECIAL 
binding •• :lnd lllC' C"Hh('r ,.('c:lio11 i~ ust-d for evE>rylhing ~lse. Either .section can overflow, of cour.$e. 
The top·lc-vcl·LVAL "eel ion i.\ bt:IQ\Y Use orher one. ~o that a top-level LVAL wiJJ be found only if the 
ATOM•~ nnl t:urr("nt1y hound f'l~cwlicrc. na111cly in tht" other stction. 

~tDL al~n hn\ :111 i11l(>1·11:'ll '1.lt\Ck, Ul<"d for c~IJiog and t~tnporary .storage within the interpreter and 
co1npil<'d prugr~111~. lt 100 i~ lforcd liJ..e- a VECTOR and can overflow. There are 01her internal 
v~ctor.). th~1 ca.n o"·<'rfln,,•: rhc "global vector" holds pairs \slots") of ATOH.s and corresponding GVAU 
f"g lob:\lly bound'" or GUOUND? 1nc-a11.s 1ha1 the ATOM in question is in thi.s vector~ wheth~r or not it 
curren1ly has a glob:tl ''nine). nud the '"TYPE Vt"Ctor"' holds TYPE na111e.s (pre-defined and NEWTYPE..s) and 
how rJrcy arc 10 br treated. 

22.1 • 22.1.1 Storage Management 
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22.2. J 1u111n"'"blc S1oragc-

22.2.1. C•rl>•g•·c:olloc1ed: FREEZE 

In very spr,'i:tf <"irC'1n110,1:111cC'~ • .such as d('bugging RSUBRs. you may need to prevent an object frorn 
b<"ing n1ov<'d hy fh<" snrhag" C'olfc~ror. FREfZE tal.:C$ one argtnnent. of PRIHTYPE VECTOR. UVECTOR. 
STRING, BYTES <>r TUPLE. Ir copie.s ii~ argu1uent into non·1noving ga.rbage·collected .space. FREEZE 
rerurn,. 1hc copy CllTYPEU rn ii~ rRIHTYPE. except in the ca.s.e of a TUPLE .. which is changed to a 
VECTOR . 

22.2.2. Nnt1·!(•1 l>agc.cn1Jcc1cd: STORAGE (1l1e PRIHTYPE) 

An olJjcc:1 <>f rRlMfYl•E SlOR/\GE i• re•lly a fro<en UVECTOR who•e UTYPE i• of PRIHTYPE WORD, but 
it i.s ah"'ay~ pni111cU 1n Uy ~01ncthing in1ernal to l\1Dl and thus i.s never garbage·collectible. The use 
of FREEZE i ,\ ahv;ly~ prC"fC'rablr. cx~cpt \vhrn for hisloric.al reasons a STORAGE is nece.s.sary. 

22.3. Orhrr Stnr:t~ 

User 1>ure/p:tg<' 5-p:tc<" ~erv('~ t\VQ purpo.se.s. Fir.st. when a us~r program PURIFY.s (se~ beJow) MDL 
Objecr~. thC'y ar(" copi<'cJ iuro 1hi,\ space. Sccoud, .so-called hand-craf ted RSUBRs (a.sse1nbli!d but not 
co1npilc<l) c:a11 <":tll nn lhc intt'rprc1cr to 111ap pages of disk fiJrs into this .spacl! for .arbitrary 
purpo.or;rs .. 

PurC'·RSUBR n1:ap1>in~ or;.p:t('t' i.s 11.s.<.•tJ by lhe interpr·rttr lo dy11a1nica1Jy 1nap pages of pure co1npiJed 
progr:.u1.s iu t n and out or rhc l\fOl. addrc.s.s. space. Pure code can refer 10 i1npur-e .storage through 
the .. Tr:t1n.frr ' 't'C' tor"', annth("r i111erna l \' t"Ctor. Thi.s .space is the 100,s,t vulnerable to bt-ing compre.s.5ed 
in .5ize by 1he Jo11~-1er1u groh•llt of olher .spaces. 

lnlrrn:al .. ror,'\g<" h:1"- l>nlh pttr(" .aud hnpurc par1.s. The interpreter program it.self i.s pure and 
j.Ja3r:iblc, \vliil(' in1p11re s1nr;lge i .. 11-'td for i111rrnaJ pointers. counrer.s. and flags. for exatnple. 
poinrer~ rn 1he l1nu11tlo.riC'.i of ofh<'r ~pace..s. Jn lhe pure part of this .space are 1nost of the ATOHs in 
an ittili;ll ~tl>L. aJnng \Vitlt lhrir OBllST bue:krts (LIST-$) and GVAL .sJ01.s (a pure exten.sion of the 
glob:1I vcctnr). \\'liC'rC" po~j.iblc. A SET or SETG of ~ put<" ATOH autornatiuUy impurifie$ the ATOM and 
as 111uch of i1 .~ 06L IST bucJ..rr a). uttd.s to be hnpure4 

22.2. 22.3 Storage Manage1nent 



The MDL Progra.111 11\ing Language 195 

22.4. Garl1:1g<' CnllrC'1io11: n<'tail$ 

\Yhcn ci1l1t·r or 1l1 e garb:lgt-collecced ~paces (lnovable or iunnovable) becornes full. P.fDL goe-s 
rhrouglt thC' rolln\\1ing procedure: 

(I) /\ "OlVERT-J\GC '• i11 rel'rup1 occurs if the garbage colltction can be deferred te1nporarily by 
.s.hifting ho1111tJ:.1it·..s. lJ('l\vc('n ~tor;lge s1>aces .!lightly. The interrupt handler may postpone a garbage 
collcc:tiou by aunvin~ houndariC$ i1srlf \Vilh a call to BLOAT (below). 

(2) The ~:lrh:i~C' ('nllc·C'tnr br!;:'i11s E"X<'Clll inn. Thf' .. copying"' algorit111n creates an inferior operating· 
sy\tc1n prtH·(' ... ~ (11;'\111<."'fl l\GC in the rrs V('r~ion) \\lho.se addre~~ space is used to hold the uew copie.s of 
non-s.i1·h:i~C" nhjrC'r ... f\1f>L g;iin., ac<:css co the inferior's address space through two page.s f 'frontier
and .. ,vintlo\\·") in i1' i111"rn:.I Sf'):'ICt' 1hnt are .shared wirh tht- htftrior. If the garbage colle-ction 
occurred heca11.,f" 1110\":ll>lc gnrUage-t"oJJc-cred space \\'a.s exhausted. then the '"1nark-.sweep .. algorithm 
1nigh1 bC' "'<"d i11~1c:td (~ce bC"J()\v), and no inferior proct"ss i& created. 

(3) TllE> g:.rhng-t" C'n lfr('1nr n1ar~ • .s all ohjects that can possibly bf! rt-fere11ced h ereaf1e r. It begins with 
1ht> <MAIU> PROCESS aucl the C'nrrent ly run11ing PROCESS <HE>. considered as vectors containing the 
con1rol ~l:lC'l. ... objrc1 pni111rr.s in live rC"gi~ters. etc. Every object in tlte.se "PROCESS vectors"' is 
tna.rlrcl ··a<"<'<" .... ihlr ... aud t:vrry C'lc."111c111 of lht'sc- objccr.s (bi11dings. etc.). and so on recursively. The 
"'copyi11g" :tlgori1lun 1110,·c\ <1Ljrct!- in10 1he infrrior process's address space a.sit n1ark.s thetn. 

(4) If th<' ~:1rb:tg<" C'OltC"C"-lion •~ "'cxh~ustive"' -- which is possible only in the .. copying" algorith1n 
the-n horh lhr ch:l in of as.,oe"iation.s and top-level JocaJ/global bindings are exa111ined thoroughly. 
\vhich t:tl.C'.S 11101'<" thut- bu1 is 1nort" likely to uncover garbage therein. In a nor111al garbage 
c0Jlcc1io11 the~<" co n ~t r n<'I~ art"' 1lot trc;>alC'd specially. 

(5) Finnlly. lhf' "1n:l rJ..-!\\Y<'C"J,.. :tlgori1hn1 S\vcep.s chrough il1e $.IOrage space. adding un1narked objects 
to the i HI C'r11al frf"E' li.$1.S fc:ir later re-use. The "copying'" aJgorith1n 111aps the inferior proces~·5 
.addr<."'s\. ~pac(' into f\1 DL'~ O\Vll, rep lacing old garbag~y .!>torage with the new co1npact storage, and 
1hc inf<."'rior pro("C'SS i.s dC'\troycd. 

22.S. GC 

<GC nun:fi>.· C?Kh'!:false-or-any rtJS-frcq:fix) 

cau~(',o. lhe ~:trha!;<' cnllc<'lor tQ run and rc1urns the to1at nu1nber of words of storage r«l.a.imed. All 
of its argun1t"111.~ art'" ('tptioHal: if they are not .supplied. a call to GC $hnply cau.se.s a -copy i ng• 
garbagl'" c(')lleC't iQn. 

f f m in is t":\'.pli<"il ly suppfit·d a\"'" arg11111e11t . a garb;.ge-c·ollection para1neter is ch a nged per1na11entJy 
b~fore rhe g-arb:lf:f' C(lllt>C'tor rnn.s. min is. lhe s111allest number of word.s of "free .. (unclaimed. 
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a.vait;ilJlc- for ti\<') 1uqvablt' garbage-coJlectt'd $1oragt thl!' garbage coJJtctor will be .satisfied with 
having ~ftc-r i1 is <lone cac-h 1hue. l11itially il is 8192 words. Jf thl" total an1ount of recl a in1ed 
.storagr i.\ '"'~ than mln. th«" garbage collt'cror will ask tl1t' operating syste1n for enough storagt- (in 
102'1-\vord bln<'l..\) to 11101S.e ii up. N .B.: the .sy.stt111 111ay be inciviJ enough not to grant the retJul!'st: in 
I hat ea.\C', the l{:lrl>age c-0Jlec1or \.,.ill be c.on1f'nt wiih wl1at it ha.s. ~ lh~t is not enough to .sati.sfy 
a 1>«:>nrli11g rC'q11c-~1 for .srorar::-c:. Th<'H it \viii inrornt you that it i.s Jo.s.iug. A large min will re.suit In 
fe\vf!r tnr:tl g:trh;ag<' c-nllrcrin11.\. l>ut th<-y 'vifJ taL:(! longer .since the total quantity of .storage to b~ 
dt"alt \Yith \viii ge11t"ra1Jy be larger. Stnalfer mins re.sull in .shorter. anore frequ~nt garbage collections. 

exh? tell~ '"ht"tliC'r nr 1101 rhis garbage c0Jlt>c1io11 .should be *exhaustive ... It ilo optional. a FALSE by 
defa.uh. Tl1r diffrrrnt"<' hc-l\VC'<'11 norn1aJ and exhaustive "'copying .. garbage colle!ctions fs whether 
certain lint.J~ of ~ tnr;ige lh :tt rt>quire con1plicated lreoiitrnent (for exa1nple~ associations) are reclai1ned. 
An t'Xhau~li\•c- garb;lgC' ,~0Jlccti('l11 occurs e\'<'ry eighth thne that the *copying .. algorithm i$ used. or 
whc:'n GC i~ r;illrd \vilh fhi~ arg11111c-11t trut', or wht'n a nor1nal garbage collection cannol .satisfy the 
.storage rrqu<>.'>r . 

m$-lreq giv('~ th<' n111ubC'r t:tr rilnC'.s the .. 111ark-l-\veep .. algorithn1 should be used hereafter for every 
Ci111e fh<" 11nr111:al ··rnpyiug .. :tl~nritf1111 i.s u~cd. Civiug O for m$-lrt!q 1neans uev~r lo use the .. tnark
!t\veep .. :1Jgnri1h111. :111cl givi ng <CHTYPE <HlN> FIX> rneans (effectively) always to U$-t it. The .. n1ark
.S\veep- al!(nrith111 11\C'.S considerably Jess processor thne> than the .. copying .. algorithnl. but it nev~r 
.shrink.s rl1C' frC'C'•.Storagc pool. antl in f::i:ct the pool can btco1ne fragrne-nted. The ·nlark-sweep
algnritlnn could b<' t1'C'f11I i11 a progra.111 sy.stc1u (.such as the co111piler) where the .s.ize of the pooJ 
rarely ch:.nge.s. but etbjC'ct5 are crt"atcd and thrown a\~~y concinuously. 

22.6. B LQ!I T 

SLOAT is "'-C'd rn ('~USC' :l tC'1nporary <"Xpan.sion of the available ~torage 5pace with or without 
changin!: th<' garh:.g<'·<"olJrctin11 par;uue-rc:>r.s. BLOAT is particularly useful for avoiding unnecessary 
ga,.bage c-ollt><"I inns \\•J1e11 Jnading a large file. ll wilJ cause (at 111ost) one garbage coHection. at thr 
t"nd <if \\' hirlt th<' :tvail:tblC' ~tor::.ge will be at fe~~I the an1ount .specified Jn the call to BLOAT. 
(Unit''\'\, nf <'t:tur~r. 1hc npC"ratiug .sy.1.rcrn i.s cranky and wHJ no1 provide the storage. Then you will 
get_. .. Prrnr. <ERRrT I> frnn1 rhi$ error \viii cause the BLOAT to re1urn 1, which u.sually just causea 
you to JO\e at a l:tl<'r thne -- unfe.s.s. the optrating sy.sten1 feel.s nicer when the .storage is absolutely 
nece.s.s;1ry.) 

A call to 81.0Ar Jt>nl.:~ Jik~ thi.s: 

<BLOAT fre ctJt f(/ 8.11> lyp slo pstlf. 

min p/<I pglb plyp ;mp pur dpstk. dstl< > 

where all argu1nent.s on the fir.s.1 line above are FIX, optional (0 by defa u lt). and indicat~ the 
following: 
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Ire: 1111111b<'r of n·ord ... of frC'c 1uovablc .scoragc de.sired (for LISTs. VECTOR.s, ATOM.s, e1c:.) 

st/..: 11u111lJer or ,.,.ort.ls. of frte control....stack .space de.sired (for functional applications and 
bindini: of ATOM>) 

/cl: nu 1111.Jer or IH!VI Cop-le,·el LVAls for 'vhich to lt>ave space (SET.s of ATOM.s which are not 
currently Unu11d) 

gJb: 1111111ber nf llE"\V GVAL~ for 'vhich co IC':eve space ( in 1he global vector) 

IJ·p: ntuubrr cir oe'" TYPE dt~finicioo.s for which to leave .space (in lhe TYPE vector) 

:;to: 1111111bt'r of \\'nrd.s of i111111ovaUleo garbage-collrctcd storage de.sired 

p!!:lh: 1111111hrr of '\'l"lrd~ of frre in1ernal-.s1ack .space df.sired (for REAOing large STRINGs. and 
calling rn11rioC'' \vichin 1hc iurcrprct<"r and con\plJcd progratns) 

Argu1nenr.s 011 the .second Jine al.love a.re al.so FIX and op1ional, but they S.f!t garbage·collection 
parantC'IC'rs. p<·rni:111t'u1Jy. :as. foJJo,vs: 

min: a.s fnr GC 

pie/: uu1nbc-r nf ~Jot\ for LVAL,s. acltft'd wl1t>n the space for top-level LVAL.s is expanded (initially 
64) 

pgll>: Uh111ltt"r of .slc:tt..s ror GVAL..s added when the global vector ii grown (initially 64) 

pl>p: 1n1n1U<-r nr .slot~ fnr TYPC..s addtd \vhcn the TYPE vector is grown (initially !l2) 

i111p: 11u10Lc-t of ''-'"rds of inuuovable garbage-collected .storage added when it i.s e"panded 
(initi~lly 10~4) 

pur: 11111nbt"r of \vnrd.s r<'s~rvC'd for purt> cornpil~d progra1ns .. if possible (initially 0) 

dp-:>IJ-.: 1nn~t dC'.~ir:tUI<- !>itc for tht' f111crnaJ stack. lo prevent repeated .shrinking and GROWing 
(i11i1ially 512) 

dstr.: 111os1 cJ<'~iral.Jlc siic (or the conlrol .stack (initially 4096) 

BLOAT r('tllr11 s lht' ::\CIU:ll 11u111bcr Of \\'Ords or free 1novablc garbage-colle-cted .storage avalbble when 
it is. done. 

22.6 Storage Manage1nent 
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SLOAT-STAT C:'ln be usrd \\·itli BLOAT ro '"tune'" lhe garbage collector to particular program 
reC') t.1 i rc-1ue111 .s. 

< ULOI\ T-S TAT /tanslh-27:uveclor> 

fiJJ.s th P v1·rrto .. .. ,·itl• iurnr1nario11 ahout lhe state o( .storage of MDL. The argun\tnt .shouJd be a 
UVECTOR nf Jrn~th 27 OlU<I UTY;1E FIX. If BLOAT-STAT doe.snot gel an arguo1ent, it will provide it.s 
O\Vl1 UVLCTOR . "fliC' i11fnr111:.1in11 rc.-turnf!d i.s a .\ follows: the first 8 ele1nents indicate the nu1ub'er of 
garb:.g<" C"nllrr:jnu"' 1ha1 otr-r :anrihur~hl~ to certain cause.s. and the other J9 give infor1nation about 
cer tain :.rC"tt~ C"f ~•nra~t>. In dC"t::tiJ: 

L nu1uhrr nf ~<11 h:.~c:- ('0JlcC"1io11.~ c.-11\t" Oy exh3u~1ion of 1uovable garbagt-collect.ed .storage 
2. t.lil tn by f'\•rr(lt'I\\ ('If C'nntrnJ ~l;i<"l..(.s) 
3. ditlo hy "''t':fJn\\ nf H''J.>·JC"vel·LV/\L section of contrOl lt~ck(.s) 
4-. ditto Uy n\' {'-rfiO\\I nf gJnU:tl vccfor 
5. dl11n hy n' rrfJn\\' nf TYi'[ \'C'C:tor 

6. dilfo hy <""Cl1.'lu,1io11 nf i11111\C'n·ablc ga rb.Jgc.coJJected $lOragl' 
7. ditt o hy uvt:rfJcnY" of 111t('r1t:tl .srack 
8. ditto by t1\·('rfloh <1f bo1h ~tacks. at the .sa1ne 1hu e (rare) 

9. n11111h l"I" <"( \vnrd" nf 111o''"hle .s1orase 
10. nu 1ubc·r <1f \V()rd~ of u10\·:tlile ~tor~ge u~ed 5ince la.st BLOAT-STAT 
11. 1n:t "Xi11111111 n11111hrr of ,,·nrd~ of n10v.1l>le ~torag:e ever exi.stiog 
12. 1tt1111hrr of \\•nrrt-. nf 1110\•:tlilc ~1or;age used .since ~10L began runhing 
IS. U1:l,'\'.i111u111 .. i1 tt nr C'"OIHrnl "l<ICI.. 

14. uuu1t..er of \11ort1 .. ou cC'lntrnl .!>t;icJ.. in u.se 
15. 111:txi1u11111 ~izt- nf c:nnrr'nl .srack(~) tver reachcd 
16. 1n11nhrr nf 'l<"'IS (nr snp· Irvrl LVAL\. 
17. 111111tllt-r <"( 1np.Je,·ttl LVf\I ~ rxi,1i11g 

18. 1111111Ucr nf \.fftl\ for GVf\L-,. i 11 global \·ector 
I~. 1u1111bC'r nf GVAL'\. rxi,cing 
20. nt1111hC'r nf \.ln1\. rnr TV!'(\. in TYPE vrcror 
21. 1111111hC"r "i TY?E\ exi.c.1ins 

22. ru11n1Jttr (lf \v('lrt.f, nf i1111110,·~ble garOage»collected .storage 
23. 1u11uhrr nf ,,.n,.d, pf i11 11111)\·<lblc \.IOracc unused 
24. sizr nf l:\rf:<''I 111111\.rd <'Oa1igun11~ i11n~1ovablc·.srora.ge bloclc 
25. 11u1ubc-r of \VOrd' (ln I 111 ern~J .slack 
26. 11u1nber of \vcu·cJ~ on inlt"l'nnJ ~tack in u.sr 
27. 1naxilnt11u ~ire of in1cr11al s.tack ever reacltrd 

22.7 Storage Management 
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22.8. GC-MON 

<CC-MOil prc-d> 

(-garbag<'·COIJC'c:tor tnonitor'") dctcrtnincs \\lhc1hcr or nor the interpreter "'!ill hereafter print 
fufQr111a1 io11 CH• fh(" f«"r1ni11:d '"hrn ;a garb:age collection starrs and finishes, according to whether or 
not its :.rgu111C"nl is ltue. tr reu1rn.$ the previous stale. Ca.Hing it with no argu1nent returns the 
current .sca1c. ·rltt' i11i1ial !.late is fal~e. 

When typing i~ t"11:tbled. the .. copying"' garbage collector prints, when it .5tarts: 

GIN reason sul>r - fh;tf-caused:alom 

and. \vhen it fi 11 i.i.he": 

GOUT se<vndt:-needed 

The .. 1n:trJ..·.)\1io•rep .. !!arh:tgf" colJl'ctor prints MSGIN and MSGOUT instead of SIN and GOUT .. 

T\vo SlJOR~. dC"\crihrd 11rxt. use only part of the garb:tge-coJJector algoritlun. in order to find all 
pointer~ 10 ao ohjcct. GC-DUMP and GC·REAO. a.s thejr nan1es i1nply. also use part in order to 
tran)late Uet\vee11 :\tDL Clhjecl& and binary repreuntations thereof. 

22.9.1. SUBSTITUTE 

<SUBSTITUTE new:lfny old:8ny> 

rerurn~ of<I. :tft<-r <':t11s i11t: a 1ni11i31ur(' garbage coJJectio11 to occur, during which !ll references. to old 
are clt:tllg<'J so :l<. 1n rrfer 10 new. Neil her argu111ent cau be of PRIHTVPE STRING or BYTES or LOCO 
or live on Che ('n1urnJ o,lack. 11111<'~~ Loth 3re of the $a111e PRIHTYPE. One TYPE nan1e cannot be 
$Ub$titu1rd fnr 0111n1h<'r. On<' of the re,.., IC'girhnate use.s for it is to $Ubstirure the ·right'" ATOH for 
the "\vrnng" nne. zifr<>r OllLIST .. h<tv<' be~n ill the wrong stare. This is tnore or less the way ATOM$ are 
itnpurifiet.L It i$ <tl.\O u~eful for u111i11king RSU8R$. SUBSTITUTE rerurns old a$ a favor: unless you 
hang onto old ;11 1hat point, ii will lJe garbag~. 

22.9.2. PURIFY 

<PURIFY an)-' · f • , • any ... N> 

22.8 - 22.9.2 Storage Manage1nent 
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reruru~ it.s l:t.),I :lrE: 1nne11r. af1er cau~i11g a u1ini:ature garbage colleotion lhat re.su1t.s in all theo 
~rgu11t (• 11t t- b rcn1u i11~ pu rr and sh~rabJe. and ignored afterward by the garbage colleetor. No 
arg u111('11t c:a11 l iv(' n u lhc CC'HHrol Slack or be of PRIMTYP£ PROCESS or LOCO or ASOC . Sharing 
b t"f\veen op <-t;\t i11g-~y.$tC'•H proce.i&e~ a c tua lly occur.s after a SAVE, if and when the SAVE fiJe is 
RESTOREd. 

22.9.2 Storage Management 
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Chapter 23. MDL as a System Process 

T hi$ clutr>rer trl"af,s l\1 DL l'"Onsitlert'd as executing in an operating .. 5ys.tem process. and i nteractions 
bet\Vl"Cn 1\.1 OL ••Ud other operariug.sys.1e1n process.es. See aJ.so $e-Ction 21.8.13. 

23.1. TIME 

TfHE r01l:c . ., >'11y 111n11hcr of argu1ncnts. \vhich are t>valuated but ignored, and returns a FLOAT giving 
lhe uutnbt>r or .S.E'«onds or CPU 1i1ue 1he l\fDL proetos.$ ha.s used .so far. TIME i s often used in 
1nachint'-IC-\'C'I tlC"Uugging 10 exa1uinc lhe values of ils arguments, by having MDL's superior proce$$ 
(s.ay. DDT) 1>J!l11t n breakpoint in the code for lIHE. 

21.2. Na111<".\ 

<UNl\ME> 

returns. a STR1NG \vhich i~ Ille "'user 11a1nc" of f\1DL's process. This i.s the '"una1ne· p rocc.ss-con trol 
variable i11 lllC" ITS v~r~iou and lhr loggC'd-in direcrory in the Tenex and Tops·20 ver$ions. 

<XUNAME> 

returns a SiRlr4G '"hich ts 1he '"inrend<'d u.ser 11a1ne .. of MOL's proc:e.ss. This is the ·xunan1e• proc-e.ss
controJ \ ' arinbl<' in the ITS \'f'r.sion and idl"nlical to <UNAHE> in the Tenex and Tops-20 ver .sions. 

(JNl\M!;> 

rt-turn.~ :t STRJUG h'ltich i" the "'job na1ne .. of 1't0L's proees.s. This is the '"jnan1e'" process-control 
variable in I hC' ll""'S vcr~iou aud the SETNM 11.illle in rhe Tf'nex and Tops.~20 ver$io11.s. The characters 
belong to Ilic ... \ixhir .. or .. pri111i11g"' .sub.set of ASCII. nan1ely those between <ASCII •40•> and 
<ASCII • J 37,_> i11<-lu.si ,·e. 

<XJNAHE> 

23 - 23.2 MDL u a System Prc>ee» 



202 
The MDL Programming Language 

rrturn.s" SlRTNC \\•hich is lht" .. intend<-d job nante .. of MOL'5 process. This j5 the 00xjna1ne· process
contl'oJ v:.ri<tlJJe iu 1he ITS ver.sion 41nd identical to <JNAHE> in the Te_nl!x and Tops-20 versions. 

23.3. Esit5 

<LOGOUT> 

atte1npr -. to lot! our 1he prnc:e ... s in \Yhich it i5 ex~uted. It will .suec:e-ed onJy if the MDL is lhe top
levt-1 proce .. s.. th;i;1 i.s. it is ruuning di$O\vned or as a daen1on. If i t succeeds. it of course never 
return$. tr it dn('.s not, ii rcturn.s #FALSE (). 

<OUIT> 

cau.sl'~\ 1\1 l>I . to 'top ru1111i11g. i u ;:111 orderly 1nannrr. Jn the ITS version. it is ~quivalent to a 
. LOGOUl 1. h1 .. 1r11ction, 111 tl1c Tenex and T ops·20 ve.r.sions. it is ~uivalent to a control...C signal .. 
and COllff'OI p:lS.!i>t!$ to lhto .S.UJ>Crior pt0C<"$,S. 

(VALR[ T ;,frins.~or-liK) 

( "value rerur11"') -..eJcln111 return.\ . I C pa~e.s con1rol back up the proce-$S tree to the .superior of P.fDL., 
passing it\ :lrgu111cn1 a..s a "'<'~\age to lhat .superior. If it doelo return, the value is #FALSE C} _ If the 
ar-g111uC'nt is ~ STRlf.IG. h i1> J>3.S\Cd 10 rht- .s.uperior a s c.01n1nand.s 10 be executed, v ia • VALUE in the 
ITS V<'r.-..inn and RSCl\N i11 rhe Top)·20 version. If th e argun1en1 is a FIX. it is pa.s.se-d t o the .superior 
as the .. ~ffC'C'ti\'(> atfdr(',\\

00 

of a .BREAK 16, in.srrucrion in the ITS version and ignored in othrr 
ver$ iOn$. 

23.4. lnlC'r-prncC"s\ Co1111uunica1ion 

AIJ of the SUBR~ iu thi$ Mtc1ion are availabJt only in lhe ITS version. 

The IPC ("'i111cr-procc-s\ C()11t1nu 11i c.::111ion'1 devic.('" i.s trtttll'd as an 1/0 devic·e by ITS but not 
expJicirJy .-..o hy i\f 01.: rh.it i.s, it i.\ ntvcr OPENcd. It aUow.s MDL to co1nniunic.atc with other ITS 
proce.\~e'~ by 111c>:tll,,_ nf ~t'urliug a n d rt"ct"iving 1nessagt$-. A proces..s idtntifie.$ it$t )f a$ ..sender or 
recip ien t (.J( :. 11u:-..-..agl0 \Vith 0111 ordrred pair of "'$ixbit .. STRINC.S. which are often but not always 
<UNAME> :tud <JNAME>. A nics.lli:tgt' h:t~ a .. body"' and a "'type ... 

23.4.1. SEND a nd SEUD-WAIT 

<SENO othrrnJ othcrn2 body lype mynamel myn6ma2> 

23.2 . 23.4.1 MDL•• a System Procus 
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<SENO ... WAIT othcrnJ olhcrn2 bOdy lypa mynamcl myn.amtJ2> 

both .~('lld ;tit fr(: IU('c;c;agc- 10 any J>rOC.~.S.S tlial i.s listening for it 41.S ofhOrnJ olh1Jrn2. body IUUs.t be 
ei1her a srRJlilG. Pr :11 UVf,ClOR of nbjc-crs of PRIMTYPE WORD. typo is an optional FIX. Oby default. 
'"'hich i.$ J>:lrl of lht inf(lr1ua1in11 lh t 01heor guy receive.s.. The last two argu1nenrs are fro1n whom the 
nJ<".S~:l~C' i\ 10 be;- .\<'UL 1~hc~r arc optio11al. aud <UNAME> and (JNAHE> re.5pei:riveJy are U$~d by 
default. SfNO rC'turnc; a FALSE if 110 one i.5 listening. while SEND-WAIT ha ngs until $Ollteone want.5 it. 
Botlt return T ir .~01t1<'011r ;a('cc-pts the IUC'.s..s.age. 

23.4.?.. The- "JPC" Jnl('rrupt 

\Vhen yOur "1l>L pr(IC:C'SS rcc<'i ,·es an IPC Ult'S5'age, "IPC" occurs (c:hapter 21). A handler is called 
\Yith C'ithC"r (nur nr -.is arg111ncn1~ glc:ined fro111 the received ntessage. body. lypa, olhernJ, and 
olhein2 :tr<- :'11"";1 ,Y·' ·'llpplit"d. n1)"nR1,1e/ and myname2 are supplied only if they ar(! not thi.s process•• 
<UNAME> and <JU/\M~>. 

There i~ :\ b 11 ilt·i11 UAr40L[R ror the "IPC" interrupt. with a handler nauttd IPC - HANOLER and 0 in the 
PROCES!\ '-lf"t. The lt:tnC'llc>r print~ out on rhc 1cr1ninal the body. who1n it is fro1n. thie type if not o. 
and \vhntt1 i1 i~ 10 if 1101 <Ut,/\ME> <JNAME>. If the type isl and the body i $ a STRING. then. after 
the nte~-,:lf:C it1for111alin11 it.. prt111ed out. the STRING is PARSEd and EVALu ate-d. 

23.4 .3. IPC - Of"F 

< lPC-OFF> $lOJ>S all li$fCniog on Cht' IPC device. 

23.4.4. I PC-ON 

causc.s listc11ing <111 lltt• ll"C device as m>·n~mel mynamttZ If no argu1nents are provided. listening is 
on <UNAME'> <JNAMC>. \\'hen ;i nt<'S.5~gc arrive$. •rpc• occur5. 

MDL i.ti. inilially Ji~teni11g a~ <UNAHE> <JNAHE> with the built·in HANDLER set up on the • 1pc• 
interrupt \villi a priority of 1. 

23.4.S. DEMSIG 

<OENSJG dAcmon:sfrins> 

~igual~ to JTS (t.Jircc1Jy. 1101 via the IPC tJe\'ice) that the daeniou na1ned by its argu1nent .shouJd run 
n ow, It returns T if 1hc daC'1uon exi$1$. #FALSE () otherwi!te. 

23.1.1 - 23.4.5 MDL a> a System P roct.'ss 
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Chapter 24. Efficiency u.nd Tastefulness 

24.1. F.fflcic1!£.l:. 

ActuaJJy. you 111:15..t" /\1 DL prngr:t1hlo efficient by thinking hard about what they really tnake the 
in lerpr<>C <"r !!2.· :\ ud 111 a k i ug 1 hC'1n do It.\$. Sooae guideli ne5, in order of dec:rea$i ng expen.se: 

(J) Frr(" .'SolOr:l(!<" i~ rxpen$ive. 
(2) {::.Jliuf! f1~uc1 ion.\ i5 exp(l'115ive. 
(3) J'>ROG :thd REl"E'AT ~((' C'xpen.sive. exctpt Wht"n COUlpile-d. 

£xpla11:11inu: 

(I) lf1111<'"' . .,~:try 11!-<' n( fr<"<' ~toragt" (cr<':tti11g 11ct"tlle55' LISts, VE:CTORs. UVECTOR.s, etc.) will cause the 
g:irbn!!<' C"nlfC'<'lor tn run 1nnrc often. 1'his i.s expensive! A fairly large MDL (for exa1nple, 60 000 3&. 
bit \\'Ord\) c.:tn l:tk<- tc>n .,rcourl.s c.f PDP-JO CPtl thnr for a garbage coJJt-ction. Be especially wary of 
<:OH$lruc1if;'111' JiJ..c (0). E\•t·ry 1i111e that is evalu:ited, it c:reate.s a new one-ele1nent LIST; it i s too 
ea.5oy 10 \\·rirc .5-1tc-.J1 things \Vh('o chry arcn'1 really nece.ssary. Uules.s you are do1ug PUTs or PUTRESTs 
00 it_ 11$(' I ( 0) ffl!olf':td. 

(2) S.nd. h111 1r11c. Al~o s:rner;ifly ignored. If you call a function only once, or if it i.s short (Jess. than 
on~ Hue). yn11 O"trc tn11 c h IJ<"llcr off in .spcC'd if you .sub.s1i1ute il.s body in by hand. On the other 
h.:ind. you 111.,y IJ!' 11111("11 'vor.sr off in 111odulari1y. Tf1ere are techniques for cotnbining several 
FUNCTION' i1110 n11<> f{SllOrt (\\•i 1h RSUBR-F.NTRYs), eit h er during or after con1pilatlon. and for 
changing ruucr rou., i111n MACRO.!,. 

(3) PROc; i$ ahnn._1 11<'\'f'r fl<'<'C"!!ary, given (:t) "AUX• io FUNCTION.s: (b) rhe fact that FUNCTION.$ can 
con1:1i11 a11y 1111111her' <'I( FORM': (c) 1he fac:1 chat CONO clau.se..s c:au contain any nu1nber of FORH.i: and 
(d) rhc- (ac1 th:tt HC'\V" \':u·i::ablC'~ c.an bt" generated and initiaJized by REPEAT . However. PROG rnay be 
u..seful \\·hcu :t 11 c-rrnr' occur.'°. to c..s1abli~h binding~ nccdtd for cleaning things up or interacting with 
a hlllll;\U. 

The 11$>C of PROG ntay be ~<'Tl~il>lt' \1>'h tn lhe 11or111al flow of controJ can be cut $hort by unusual 
condilinn~ . ..so 1h:11 1J1C' prngran1 \Yants to RETURN be-fore r e.aching the end of the PROG. Of course. 

24 • 24.1 Efficiency and Tastefulne$$ 



The MDL Progrn1111nin~ Language 205 

ne.sted cor~o-. c~n taC'C'otnpli~h tht- .san1e end. but deep nC"5ting 1nay rend to •nalce the program 
unread:ihle. For E>xa111ple: 

<PROG (TCHP) 
<OR <SFT l EHP <OK-FOR -STEP-I?>> 

<RETURN • TEHP» 
<STEP-I> 
<OR <SET TEMP <OK-FOR-STEP-Z?>> 

<RETURN .TEMP)) 
<STEP-Z» 

could in!l.t(':td Oe 'vrittru 

<COllD (<OK-FOR- STEP-I?> 
<STEP-I> 
<CONO (<OK-FOR·STEP-Z?> 

<STEP-2>) >) > 

By the \VO\y, RCPCAT iS> fa.stcr than GO in a PROG. The <GO x> FORH ha$ lo be .separately interpreted. 
t'ight? In facl. if you nrgani7.e 1hings propt"rly you ~ scldotn need a GO; using GO i6 generally 
considrrcc1 ... b:ld .style". but in J1.0111~ cases it•$ needttl. Very few. 

ln 1nany c.'ls-e~. a RCr'E'AT can b<" rep laced with a MAPF or HAPR, or an ILIST, lVECTOR. etc. of the 
forn1 

<ILIST .N '<SET X <• .X I>> 

tvhich generat<>.s ;i11 N-f'lt'n1en1 LIST of .successive nu1nbcrs starting at X+l. 

Whether a prograna I!- intcrprc1cd or co1npil~d. tlte firit two considerations anentioned above hold: 
garba.g<- (':Oll<"<"lic:>n ::incl fon<" tinn calling rcn•ain expensive. Garbage colle-c:tion is. clt'arly, exactly the 
s21ne. Fun('I inu caU;ns i'i f<"laliv<-ly 1nore t'Xpen~ive. However. the co1npiJer careth not whether you 
u~e- REPEAT. GO. f>ROG. lllST. MAPF, or \~hatnot: it al1 gels. cornpiled into practically the same 
tiling. I l cuvc''<"r. 1'1c REPEAT or PROG will be slower if ii ha5 an ACTIVATION that is SPECIAL or U5ed 
other th~n hy RCTUR.N or AGl\IH. 

24.1.1. Ex•1n1>lc 

T here folln\115- an exa1111lle of a FUNCTION that dO<'.s 111any things wrong. It is accompani"d by 
cont1neutary. ::\lld t\Vo Ut>lter \.1Crs.ions of rht ~a1ne thing. (This funCtion actually occurred in 
prac1icC'. NC'cdlC'.ss 1n ~ay. 11a111c.'!t arc wi1hht"ld to pro1tc:I 1he guilty.) 

Blunt con1n1e1u: rhi.s i.s terrible. Its purpost is to output the characters needed by a graphics 

24.1 • 24.1.1 Efficiency and Taste.fulness 



206 
The MDL Prograrnrning Language 

ter111ina.I rn clr:t\v Ji11e~ co1111ecth1g a .set of point$. The- points are -'pecified by rwo input J ists: X 
value., ;auct Y v:tlu<''· 1'"1te 011t1>u1 channel is lhe third arguanent. The actual character• for each line 
are returned in :t I l!\T by fhf" funcrion TRANS . 

<DEF HIE PLOTVDSK ( X Y CHN "AUX" L LIST) 
<COllO (<NOT<==? <SET L <LENGTH .X»<lENGTH .Y> » 

<ERROR "LENCTIJS NOT EQUAL">)> 

Con1n1C'11f~: 

<SET LlST ( 29 )> 
<REPEAT ((N l)) 

<SET LIST (I.LIST !<TRANS <.N . X> <.N .Y>>)> 
<COND C<C.? <SET N <+ .N I>> .L><RETURN .N>)> > 

<REPEAT ((N I) (LI <LENGTH . LIST>)) 
<PRINC <ASCII <.N .LIST>> .CHN> 
<CONO (<C? <SET N <+ .N J>> .LI> 

<RETURN "DONE">)> » 

(J) llST i!> ouly te111por~riJy n<"CC.\$ary. Jr is just crtaled and th~n thrown away. 

(2) Wors<". rhC" cnusrrucr (!.LIST !<TRANS ••. >)copies rite previous eletnents of LIS T every ti•ne it is l!X-CCUff'cl! 

(3) lnc.f<"xiut.: do''' " lht" rle111<'11C.s of LIST as in <.N .LIST> takes a long tin1t-. if the LIST i5 Jong. <3 
• . . > or <4 .•. ) f~ nn1 'vorTh n•orrying a1Jou1. bu[ < 10 . .. > i.s, and < 100 ••• ) take$ quite a while. 
Even if tht- intlt"xiug \\'Cf<' 1101 phased out. the- e:o111pilcr would be happier wfrh <NTH .lIST . N>. 

(4) Th<" Vl\ri:tbft" Cl-fN i~ 111111<>CC'!io~~ry if OUTCHAN is bound to the argu1nent CHANNEL. 

(5) It i\ 1:-. .. tcful ro C';lJf ERROR in thl" $;line way that F/SUBR.s do. This include.$ U$ing an ATOH fro1n 
the £RRons OBLIST (if one i& appropriate) to teU wlia1 is wrong, and it include.$ identifying yourulf. 

So. do ii 1hi.s way: 

24.1.J Efficiency and Tastefulness 
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< OfF Hlr rt OTVOSK ( X Y OUTCllAN) 
•flECL ((OUTCllllN) <SPECJl\L CllANNEL>) 
CCONO (CNOT <••? <LENGTH .X> <LENGTH .Y>>> 

<ERROR VECTDR·LENGTHS-OIFFER!·ERRORS PLOTVOSK>)> 
<rRINC <ASCII 29>> 
<REPfl\1 () 

<CONO (<EMPTY? . X) (RETURN "DONE">)> 
<REPEAT ((OL <TRllNS Cl .X> Cl . Y)>)) 

<PR INC <ASCII <I .OL>» 
<CONO (CEHPTY? <SET OL <REST .OL>>> 

<RETURN>)» 
<SET X CREST . X>> 
<S£T Y <REST .Y>>>> 

Of cour~r. if ynu J..110\v ho\v long is the- LIST that TRANS returns. you un avoid using the inner 
REPEAT lonp >n<f loavc <xplicil PRJNC• for each el<mem. T hi> can be done even be1ter by using 
HAPF. :.s in tltir IH''Xf vrl'~iou, \vh;ch dnc_,, C'Xacrly rh e .s.a1nc Ching as lhe prt-viou.s. on~. but U$.ea. HAPF 
Co do che RES Ting :.111,,f lhP f"Od c.011di1iet11al: 

<OEF!NE PLOTVOSK (X Y OUTCHAN) 
~lll·CL ( (OUTCllAN) (SPECIAL CHANNEL>) 
<COND (<NOT <••? <LENGTH .X) <LENGTH .Y>>> 

<ERROR VECTOR - LENGTHS- DIFFER! - ERRORS PLOTVDSK>)> 
<rRJNC <ASCII 29>> 
<HAPF <> 

'FUNCTION ((XE YE) 

.x 

.Y) 
""DONE"> 

<HAPF <> I FUNCTION ((T) <PRINC (ASCII .T>>) <TRANS .XE .YE>>) 

If ynn "'"·'' rrrore tlor rlrmco11• of • LIST in >N) U<ne< from fir.1 10 la>1. you can avoid copying 
roar-lier our~ '"'h<>11 nddlug a t:.t~r our to tl1e ~ud. One way i.s. to use MAPF' or HAPR with a first 
a1·g 11111cu1 vf . LIST: rh~ c.'lt·111('11t.,,. are put 011 th~ cootroJ .s.tack rather than in free lotorage. until lhe 
f111:1d c:aJI fn LIST. If you J..:no\v hcHv 1nany clc1n<-111s there wiJJ be, you can put 1he1n on the control 
•"1;1cl.. yo11r~e-1r. in a lUPJ E built for tl1::tt purpo5t'. A11olht"r way i$ used when REPEAT is necesury: 

24.1.J - 24.2 Efficiency and Ta$tefulne.s.s 
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<REPEAT ((FJRST (T)) (LAST .FIRST) •• . ) 
IOECL ((VALUE FIRST LAST) LIST . •• ) 

<SET LAST <REST <PUTREST .LAST (.NEW)>>> 

<RETURN <REST .FIRST>> 
•.. > 

Tho MDL Programming Language 

Here. . Ll\ST alway.• poinr. ro 11,. curronr last elernont of the LIST. Becaust! of the order of 
evah1a1io11. lht> <SET LAST .•. ) could al>o be wrilten <PUTREST .LAST <SET LAST (.NEW)>>. 

24.3. Rencf-nnfr Frc-c \'arial.Jfe~ 

Ir a Fn11rU<>11 "'°' rho vain< of n fr« variable C<GVAL vnmanU(ls/:atom> or <LVAL specfs/:11/om>) 
•vilho111 ehn11i:i11f! ii. lhe cnmpilNl "•r>io11 may bo rnore efficie111 if the value is assigned lo a 
dummy llllSl'C:Cil\L l\TOM iu rite Funcliou's "Aux• lis1. This is lrue bec•u•e an UNSPECIAL ATOH gets 
compiled · i111n a •lor 011 the conrr<>I !lack, which is accessible very quickly. The trade-off Is 
probably '""rlll\••hilo If a SJ><-<f~I i• rof<renced more than onco. or if an unman/lest Is roferenced more rhan l\vicE". Ex:t111pfc-: 

<DEF HI( HAP-LOO>: UP ( TllINGS •aux· (OB • DATA-SASE)) 

•OECL ((VALUE) VECTOR (THINGS 08) <UNSPECIAL <PRIHTYPE LIST>>) 
<MAPF ,VECTOR <FUNCTION (T) <HEHQ .T .OB>> . THINGS>> 

In thr inrorprrror llo< so.1nence .X .X .X .Xi• slowe. than ,X ,X .X .X because of in terference 
between lhe GVllL aord LVl\L 111echn11isms (app<ndi" I). Thus it is not good to use both the GVAL and 
LVAL of the ••111e l\TON frer1ue11t1y. unleu references to the LVAL will be compiled away (made Into control .sra:ck rcfcr<-nccs). 

24.5. "·faking Off!>Cf~ ft>r Array.s 

11 is of1e11 the cn>e rhar yon wn111 to a1tach some meaning to each elernenr of an array and refer to 
an clcrnc111 it11.kpr111lcnrly of other elc111e111s. Firslly. ii is a good id.,. 10 use names (ATOHs) rather 
than intrgc-. (f"TXc• or C\•cn OFFS(Ts) for ofh<rs i1110 lhe array, 10 make future changes ea•ier. 
Secondly. ir is• i;ond ide• to use th• GVAls of rhe n2111e ATOHs 10 remember the acrual FIXes, so that 
the ATOMs can be MANIFEST for rhe compiler-. benefit. Thirdly, lo establish the GVALs. both the 

24.2. 24.S 
Efficiency and Ta$fe:fuJnes.s 
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interpr<.•tcr nud Che- c.0111pilc.or will be happier with <SETG name offs6f) rather than <DEFINE na,,,_ 
(·TUPLE. T) <offset I. T». 

There' ::ire ~<'''t'r:al '''ny.s i11 ~1DL co .srore a ta.bJe. chat is, a collection of (na1nes and) values that will 
bt> .St'O\rc"llC'd. LJnsur1>ri~i11gly. chov~ing lhe b<'SI \\lay i.s often dictated by the J.ize of the t a ble and/or 
1hc natnr(" nf Iii<' (11:1;111t.'"\ .-nd) value~. 

For a "°11\:-tll t:thh~. th(." l1'1t11<'1" and v;-ilue.s can be put in ($f'p~rare) structures - the choice of LIST or 
array h<"in!! dC't<'1' 111iru:U Oy volatili1y .and lhnitability - which are searched using MEMQ or MEMBER. 
Th i.s. 1nrt11od i~ vrry ~pa<"<"·rffici<'1H . If the table gets larger. and if Che elttnents are e:o1nple1ely 
Ol"derah lC". a (uoifor111) vrctor <"an h<> Ubtd, kcpr .$Orlrd, 2nd .searched with a binary seas-ch. 

f'or a l:trgr t:11Jlc-. \\dt<-r<' rC':t<tnuably C'fficiC'nt searches are r~quired, a ha.shing sche1ne i.s p r obably 
bt-.st. T'vo n1 C"rl10d1" ;lrc ~va:ilahle in /\1 l>L: associations and OBLIST.s. 

In Ch<' fir•.i 1nf'thn,1. PU1 PROP and GETPROP are u.s.-ed. '"hich are very fast. The nu1nber of hashing 
bucS...C't .. i" fi:\'.C'cl. 0111>lic-alC".s. are t'li1uinared by e::? tescing. If it l.s. nece.s.sary to use =?testing. o r to 
find :.II 1lir r11rrirs in the t:.bJc. you cau duplicate' the 1able in a LIST or array. to be used only for 
those purpo ... e'-. 

Jn lh<' sc~nnd 111('lhncl. INSfRT and LOOKUP on a .sptcially·buift OBLIST at"e used. (If the na1nes are 
nor STRING". thC'y c:. 11 l>r c:nnvcr'CC'd ro STRING.s ua.ing UNPARSE. which take& a little thne.) The 
nu111ber c-f h:t"hiug- bucJ..ct.s. cao he cho~en r or btst effici~ncy. Duplicates are e liminated by E? 
le.sting. MA PF/R ca11 Ue us<>d to find all the enlrie.s in the table. 

24.7. Nt·~t ing 

Thf' be:iury nf tlr<'ply-nt>,IC'd control .str-uc1ure.s in a single FUNCTION i.s definitely in the eye of the 
beholder. {PrRJNT, :e prf!"-Joaded RSUBR. finds the1n 1rying. However, the co1npiler often produ ccs 
better cod<' front rht•111.) !f_ you don't Jike exce.\.\ive ne.sting. then you will agrtt chat 

<SF T X ••• > 
<CONO (<O? .X> ••• ) ••. > 

looks bctt<'r 1 h:tn 

< CONO (< 0 7 <SET X .•• )) . .• ) ••• > 

and th.al 

24.5 - 24.7 Efficiency and TastefuJne.ss 
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<REPEAT 

look$ berccr 1ha;11 

<REJ>EAT 

<CONO 

... > 

<COND 

•• . > 

( ... <RETURN ... >)> 

( ... <RETURN ... >) 
(ELSE .•. )> 

Th~ MDL Programming Languag~ 

You C':\11 ~c-c th~ 11~1urt;> nf lht choice$. Nrsring i~ $filJ and au b~tter than GO. 
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Appendix 1 . A Look Inside 

T his ::tppC'ncti, trll .. :.hnut tl1c 111:.ppiug bct\vecn MOL objects and PDP-10 storage - i n other words, 
tht' \V~ )' 1hi11t;!' tool.. "flu lhr i11 ... ide

00

• None of this i11for1nation is essential to know ing how t o 
progr;i1u in f\tOL. hut it dOC'!. t:i\·c sc:-111e rC'a,.ous for capabilities and r~striction.s that otherwise you 
httvc to 1nc 1nnri1.c . ·rhC' 1101:11io11 a11U 1crnli110Jogy gel a litt le a\Ykward ill this discussion, bec.ause we 
are in a f\vili!!hl 7noc- brt\\'C<'n 1h<' \YOrld~ of MDL objre1s and of bit pattt"rn.s. I n general the words 
and 1>hr:t'\C .. <lpfJC':lri11g in cJi:.gr:11us rC'fer 10 hit pat terns 1101 MDL objects. A lower-case word (like 
.. tuple-.. ) rcf<'r~ 10th<' ,\tor.'lgr occupied by an object of the corresponding PRIHTYPE (Jike TUPLE). 

Fir.st ... 01ur rrr111i110J n~y 1tC'C"(I ... di.scu!-sion. Thr .sine qua 11011 of any MDL objt>ct is a £!.!.!!..of 36,·bi t 
co1nputt>r \YOrll... I 11 !!C'tte>ral. Jis1s c.on)ist of pairs chained cog~tht>r by pointers (addres.se.s), and 
veclor~ \'flll.,.i~1 of cn nt it; u ou.s lJlock.s of pairs. == 7 es.se111ia1Jy te.st.s two pairs to .see whether they 
co11tain thr s" 11tC" hi1 ll;tltC'rn .... 

The fir'-1 (lnn•f' r-:llhlrt'$ .. ('d) n·ord of a pair i.s calJcd 1f1e TYPE \\'Ord. because it contains a nu1n erJc 
fYPE ,· ntlc lh:tr f<"J)r!' .. C'n ts tile- ol.ijrct"s TYPE. The .second (higher·addre.s.std) 'vord of a pair i.s cal led 
the v~l11f"' \\nr<I, h<'C':lll'C' 11 cnnt~in\ (1>art of or the beginning of) 1he 00data par[°' of the object. The 
TYPf \vord (.-11d ... ('Hll("litn<' ... 11u~ vnlue \vord) i.s considered to be Tilade of a left half and a right hal f. 
We \ViJJ pic ture-:. p:tir Hke thi.s: 

I TYPE I I 
1---- -- ---- - ----1 
I val u e I 

-------------------- ---- ---------
wherr :t , .<'l"lic:11 h:lr i11 the- u1hJdlt> of a \vord 1nean.s the word'.s halve.s are u .sed Independently. You 
can SC'C' 1l1a1 1hc TYl'C <::nc.lc i,. con finC'd to lhr lcf1 half of tht TYPE word. {Half·)words arl! .$Otneti1nes 
subdividrd i n to f.l!~ Appropri.'llf" for Ilic co1Hrx 1: fields are also pictured a.s .separated by vertical 
bar.s. The right h:\Jr ttf tht> TYJ>E \"ord is usl"d for differen t purpose.s depending on t he TYPE of the 
objec1 :.nd actn;il tnC"'i\li«'H1 of lhe valut-. 

Actually thr J$.hit rvrr firld i~ (11 r1l1c r decoded. T he high-order (leftrnost) bit is the •na rk bit. U$~ 
exclu~iv<"I}' hy 1f1r g-:u·h:i~l' <"nllipc1or \vltt11 ii runs. The nttxt two bits are nlonitor bit.s, u.sed to cause 
"REA0

11 
:.nU ''\JRITE"' i111ctrup1 .. 011 read and \Y fite refer<>nces to lhe pair. The next bit i.s used to 

diffrrt'utiatc hct\\·rru r;,, clrn•<'HI' and vec1or dope word.i. The next bit i.s unused but could be used 
in th<!' furor'° (nr nu "t>xrc111f"·· 1nnnlto r. The re1n ,.,ining 13 bit.s .specify the actual TYPE code. What 
CHTYPE tlOE"~ i.\ to c"npy lhf' p:\it and put a utw TYPE codto iu thf' ne-w pair. 

Each dllt:t TYPE (p1<'d<'ri11<-d :lnd flEWTYPE$) 1nu.st b!'Jong to one of about 25 00~torage allocation 
cla~~e.s .. ( ro11g l1 ly cnrrr~pn 11 di11g to f\10L PRlMTYPE$). The.st" classes ar~ characterized pri111arily by 
the 111annl'r in \vhi c-h che garb:lge eolJtctor trea t.s the111. So1ne of the$e cJaut"s wiJJ now be described. 

Appendix 1 
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"One \\'ord .. 

Thi.s cJ.15, in<'ht«ftt .. :ilJ rl:t1:1 rl1a1 ar<> 001 poinrer.s to so1ne kind of structurt. All e"te:rnal (program
avaiJ;tbJe) TYPE~ ;u 1hi.s cf:t.s.s are- or PRJHTYPE WORO. Exa1npl~ 

------- --- ---- ------ -------------
I FI X I O I 
1------------ - --1 
I 105 I 

---------------------------------
""Two Word'" 

The t'1("1nherf> of thi ... c.l;i .. s are all 18-bit pointers to li$l elernents. All external TYP£s in this cla$S are 
of PRIM TYPE LIST. Ex•mpl•: 

-- -------- --- --- -----------------
I LIST I O I 
1--- ---- - -------1 
I 0 I Pointer I 

where- point.er i~ a poi11rer lo thC' first Ji.st elen1eut. Jr lhere are no elen1ents. pointer i.s zero; thus 
enapty nbjc~t\ of f'IRlMTYl"E LIST are=~? if lhcir TYPEs are the .saane. 

"Two N \\'or<)'' 

MenlhC'r\ nf thi' c-f:11.;,tt. ;art- :ill .. countins pointrrs'" to blocks of two-word pairs. The right half of a 
countiug pr1i11Ct"r io_, nn :.dtfr<'''· and Tht> left half I~ lhe negative of lhe nu1nber of 36--bit wor·ds in the 
block. (Thi) fnr1n:.1 i' f;tito1·<'c.J lo lf1e POP-JO AOBJN instruct ion.) The nurnbe-r of pairs in the block 
(LENGlH) i~ half tlln1 1n1111hc-r. since each pair i.! rwo words.. All exlernal TYPE.s in this clau are of 
PRIM TYPE VECTOR. F.xa111plo: 

---------------------------------
I VECTOR I 0 I 
1----- - ---------1 
I - 2 * length f pointer I 

-- -- -----------------------------
,..,here lcngL h is rhe LENGll-f or the VECTOR and pointer is the location of the .start (the element 
.$-elecled by au NTH argu1ue111 of 1) of the VECTOR. 

Appendix J 
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00N \\'ord"' 

T hi!, cl:\~~ i~ 1111,• ~.11nc ~.., lh<' pre,·iou~ one. exoepl that the block contains objects all of the s21ne 
TYPE 'vi11tn11t i11cli,· icfu:tl TYPC ' "ortl.s.. The TYPE code for all the eJenu:nts is in vector dope words. 
,..,hich !lrc :.1 :ttJdrrc.c.rc, jtt$1 l:.rs<'r than th(' block it~clf. T hus. any object that carr ies i11for1nation in 
its TYl>E '''nrd <'f1u1101 go i11 the Ulock: PRIHTYPE.s- STRING. BYTES~ TUPLE (and · the corresponding 
locat iv<> LOCS , l.OCS, LOCA). F RAME, and LOCO. All external TYPE• in lhi• cla» are of PRIHTYPE 
UVECTOR. Examplo: 

I UVECTOR I 0 I 
1------ - --------1 
I - lonath l pointer I 

whcr,e lcngt:h i.$o 1l1c: LEUGTH of the UVECTOR and pointer points to the beginning of the UVECTOR. 

- Byte S1ri11~ .. and ''Ch:.ractcr String .. 

The5("' f\VO <' l:t' .. "' .-.rf" ;if1110~1 idC'urital. By1c strJ11gs are byte poinler.s lo ~trings of arbitrary-size 
by1c~. PRTMTYr£ BYTFS i~ 11tf only 111entber of 1h•s class. Character strings a re byte pointers to 
l>tring.s nf 1\$(:11 c:h:lr"c1crs. PRIMTYPE STRING i~ the only 11u?n1ber of this class. Both of these 
class<-.-. co 11 ... i..:.1 C'f :\ lrngth aucl a POP·IO byte pointer. ln the case of character strings. the byte.size 
field in 1hf' b)'lf' poiHf<'r i~ :\hv:\ys stvc-n bits per byte (hence five byte$ per word). E xan1ple: 

l STRING I length l 
1 --- - ------ -----1 
I by~c-pointcr I 

\Vhere l ength i\ 11tc L(UGl ll of rhe STRING (in bytes) and byte-pointer points to a byte just before 
the- b<-giu11i11g of ll1l' .\1ri11g (an ILOB instruc1io11 i~ needed 10 get the fir$.t byte). A newly-created 
SiRING "'' .. ·ays h:i ... • oto700"' i n 1he IC'ft hair of byte - pointer. U nless the .string was created by 
SPNAMC. bytc -r>nintcr po incs to a uvccror. ' vhcre 1he elc1nents (characlers) of the S TRING are stored. 
pack<!'d tot;el her fl ,·e to a 'vnrd. 

Thi.s cl~~.s givC'~ l hC' H'l''' prugr~u1 a hoandle on its conlrol _.nd variable·rererence structures. AJ1 
e>cteru.-1 TYPr~ in rlli' c:la<>s arc of PRIHTYPE FRAME. Thr<!'e nutnbe.r.s are nc<!'dtd to dtlignate a frame: 
~ un i'JU<" 18-lJil iftc- n1 ifying uuu1brr. a pointer to the rra111e's slorage on a control stack. and a 
pointer lo lhc PROCESS a.~~oci:tred \Yhh tht! fra111e. Exatnple: 

Appcndi>< I 
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I FRAME I PROCESS-pointer I 
1---------- -----1 
I uni~uc- id l f r ame-pointer I 

wht're PR.ocrss-nointcr point.s to th<" dope \YOrds of a PROCESS ve-ctor. and uniQuc- id i" used for 
valida:tiu!; ( TC'\lint:: LEGAL?) 1he frame-pointer. which points to a fra1n e f or ~ome Su brouti ne c a11 
o n the c<>nlrQI ~f:t("k . 

"Tuple" 

A tuple poi111<"r i) a c:nun1iug P<'illlC'r co a vt>ctor on the control $tack. I t 111 ay be a pointer to th e 
nrgu1n<'Ht' tn .a <;1111.-nutinr or:. pointer g'C'llCrAtcd t.y the "TUPLE" declaralion in a FUNCTION . Like 
object~ in 1l1P prr,·inu' <"f:l,.,, tht''C "bjC'Ct.\ co11 1ai11 a. unique identifying n umber u sed f or v alid a t ion. 
PRIMTYPE TUPLE i'- Ille only 11u.•1nber of tlti~ cla». Exa1nple: 

I TUPLE l uni qua - id l 
1 - ------------- - 1 
I - 2 " len{Jth I poi n ter I 

Other STnr:tg<" c1 ...... (' .. 

The re~t of lhC' c.tor:l&"t' rl:-.''<'' i11('l11cle J.trictly internal TYPEs and pointers to special k inds of list.$ 
:tnd V<'c lnr .. lil- c lnc~ 1i \'(·"· A.101'1 .. :\1uJ ASOC.s. A pair for ilny LOCA1IVE e xcept a LOCO Joolcs li k e a 
p a ir for th(' C'Or'1'C'4..pn11din~ .,,. u cr urC'. C'XC<'pt of course that the TYPE is d i f f erent. A LOCO p a i r loolc s 
like :t 111plr pai1· :l11d nrrcJ,. :i \YortJ and" hair for its valuti rhe un i que ... id refers. to a bindi n g on t he 
control .,t:-.c-l n r to the "!;;lfl\.t:ll s,1ack"' if zt-ro. Thus LOCO.s are in a sens,e ""st a c k objects"' a nd are mor e 
restrictl"d th:au n 1ll<'r IOC'aaivt ... 

,\u OFFSrT is ... rnrC"d " ·irh 11. 1;' TNOF.X in the rig h r h alf of the value word and the P at tern in the left 
half. $in('(' the Pa11rr11 C'!lll IJ(." <'ilher an ATOM or a FORM, the left h a lf act ua lly poi n 1s to a p a i r. 
\vhic.h poin1" tn 11tr :l Cl tl:ll 1•a1tC'rn. The Pa11er11 ANY is recognited as a special c a se: the left-ha lf 
point<"r i., 7C'r<'. :t 1u.J ""' p<lir i" u.,cd. Thu~. if you're 1naking the produc1io n version of your progra tn 
and '"anl 1n ~:t''<" 'ntt1tt 'fnragf'. you c~n do .$0111ething like <SETG FOO <PUT .. DECL , FOO ANY>> ( o r 
a ll OFF SE r •. 

Appendi>< I 
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Lists. 

List clc111C'nt.s arc pair$ Hnk('d rogc1hcr by the right halvei of their first · word.s. The Ji't is 
ter1ni11aTC"d hy a zern iu the right half of the las.t pair. For exa1nplt the LIST ( l 2 3) would look 
like this: 

I LIS 1 I O I 
I - - - - - I ----------- ----------- -----------
1 o I ------>I FIX I ------->I FIX I ------->I FIX I O I 
------------- 1----1 1----1 1 ---- 1 

I l I I 2 I I 3 I 

Tht" u~C" nr poi111<'r"' 1n t iC' rng<"ther <'lr111C'nt.s cx1>lains why new ele1ncnl$ can bt add~ easily to a list. 
ho'v .shnri ng nnd <"irC'ularit y \Vflrk. e1c. The links go In only one d irection through the lis.t. which i• 
,vhy "' li.:-1 t."':tnon1 b<" BACKC'd or rorped: there's. no \Yay to find the RESTed elentents. 

Sine~ '0111C" J\1nl. ''<'hit"\ rC'<JHire' a \\'Ord and a half for the v3Juc in the pair. they do not fit di rectly 
into li!>t elE"n•l"•11.s. Tlil.s 1>roblC"1n i.s. l.olved by having "deferred pointers". ln$tead of putting the 
datu1n dircc1ly in1n 1he li.\I cJe1nent. a pointer to another pair i5 U$td as the value with the .special 
interna1 TYP[ OEFlR. and 1hc real d~•un1 i,s.. put i11 the dtf~rred pair. For exa1nple thf: LIST ( l 
•hello"" .3) \vnuld lnnk like chis: 

I LIST I O I 
I - - - - - I ---------- - ----------- -----------
1 O I ------> I FIX I ------->IOEFERI ----·-->I FIX I 0 I 
------------- I - - - - I I - - - - I I - - - - I 

I I I I I 3 I 
----------- I 

I 
----------- I 
ISTRINGI 51<-
I • - - - I 
lbyta-pntr-1 
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Vectors 

A vec1nr i.s :i hJo<"k of (';onriguous \vords. Mor<" than ont" pair can point to the block. possibly a t 
differl"nt pl:t<'C'$ i11 th<" block: lhis i.s. ho\v sharing occurs among vecto rs. Pointers th a t are dif ferent 
ari.st- fro1n RESl or GRO\J/OACK operations. The block Is followed by two ":ctope word.s. ... at addr~sses 
ju5t Jargrr rhan the- Jargc$f addre.s.,s in the block. Dope words have the foUowi ng f or1nat: 

I 
I 
I 

I 
I 
I 

------------------ ----- ----------
I tync I grow I 
1- - ----- --- ---- - 1 
I length I gc I 

The variou,,. fiC'Jd~ h.:.vc:- 1hc (oJlo,ving 1nca11ing.s: 

type - ThE." ro11r111 hit fro1n rhe lt"fl (tl1e .. vector bit"'. 40000 octa l) is always one. to distinguish these 
ve<.!lor dope \vnrtl.s. fro111 a TYPE/value pair. 

If thr hi~h-nrdrr hit i' tcro, tltC'u th<' vector is a UVECTOR, and the ..-e111aining bits specify t he 
u 11Jforn1 TYP F. flf thf' <'IC!1ue111~ . CHUTYPE ju~t puts a Jlt\Y TYPE code in this field. Each eleanent 
is Ji1ni1c-d co a nue-. \Yord value: clearly PRIHTYPE STRING.$ and BYTESe.5 and stack obj«t$ can't 
go in uniforu1 vectors. 

If 1hC" high-<\1t.lcr l.Jir is one and the TYPE birs are zero. theon this is a r egular VECTOR. 

If the.' hi~fi.nrdt'r l.Jit i'S nnt 0tnd the TYPE bits are not aJI zero. then this is either an ATOM .. a 
PROCESS. :.n ASOC. or a lEHf'LATC. The special i nternal for1nat of the~ objects, will be 
d<"~crilJNI a Iii r le- J~ter in tfds appentllx. 

length - Th<' hil'.;lt .n1·d("1' l>if is. (lie n13rJc bit. used by the garbage coll~tor. The re.st of this field 
specifiC''- 1hc u11111ht'r of \YOrd~ Jo 1he block. including tl1e dope words. This differs from t h e 
le11~th ~i\'eu in pairs pniuring to lhis vector. since such pair.s 1nay be the re.suit of REST 
opcra:tio"~· 

grow · - Thi~ i ,\ :t<'lu:.lly f\YO niuc~bit (ield.s . .specifying rithc.r growth or shrinkage at both the high 
and Jo,.,, end.i of fht> ,·ector. The field.s are u.suaUy s.et only when a stack mu1t be gro·wn or 
shru11J... . 

gc - Tl1i.!. i~ u.sed by thr ga.rbage collector to specify where this vector is 1noving during 
co1npactio11. 

Exa1111>le.s (nlnnh<'r.s in ocraJ): rhe VECTOR [ l •bye• 3) looks like: 
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J VECTOR I 0 I 
I - - - - - - I -- - ------- - - - ----
! -6 I - ----- ----->J FIX I I 
- -- ---------- -- I - - - - - - - I 

I I 
-----------------
I STRING I 3 I 
I - - - - - - - I 
I byte poi n ter I 
-----------------
J FIX I I 
I - - - - - - - I 
I 3 I 

I 440000 I o I 
I - - - - - - - I 
I 10 I I 
-----------------

ThP UVECl OR ! ( -1 7 -4 ! ] looh like< 

I UVECTOR I 0 I 
I - - - - - - I -----------------
1 - 3 I ----------->! -I 

7 

-----------------
- 4 

-----------------
I 40000+FIX I O I 
I - - - - - - - I 
I s I I 
-----------------

Aton1s 

lntern:tJly. :tro1ns ,,r<' .\p<-cial vector.Jikt" objects. An aton1 contains a value cell (the first t w o word s 
of the block. filled i11 \\'hcne,·er Ott- global o r local val ue of the ATOH is referenced a n d is n ot already 
t.here). an OBLIST poinccr. and a print na1ne (PNAP1E). in the following for1nat: 
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I 
I 
I 

type bind id 

pointer-to-value 

po1nter - to - OBLIST 

print-name I 
I 
I 

l (ASClI with NUL padding on end)I 

I ATOH I val Id - type I 
1--------------- 1 
I lonoth I gc I 

The MDL Prograrn ming Language 

If the tynP. firld c nrrc-5opnnd.s tQ TYPE ur~BOUNO. then the ATOM is locally and globally unbound. 
{Thi!- i$ tliffert>nt frn1n :\ p:tir. \vhtrf' the satne T YPE UNBOUND is use?d ro 1nean unassigned.) Ir it 
corresponcl., en TYPE LOCI ( :.11 iutern<tl TYPE), then rhe value celf points either to the global .staclc . if 
bind id is t <'tO, 0 1 to:\ Jncal cnutrol .st~ck. if bindid is non-zero. T he bindi d f ield is used to verify 
\vhe1hcr 1111: lo<'al value pointed to hy the value cell is valid in the curr~nt environn1ent. The 
pointnr-to-OULTST i ., E>irlier a counting poinler to an oblist (uvector). a positive offset into the
-tran.!ofcr "ec::tnr .. (for pure ATOM.!o). or :tero. 1neaning that thi.s ATOM is not on an OBLIST. The valid
type ficJd 1cll~ \vltc1hcr <>r not the ATOM represents a TYPE and if so 1he code for that TYPE:t grow 
values ~r<" ncv<"r U<"C'tl('d for ;1to111.s.. 

A.ssocial inns. 

A~soci:i1 io11.& :trt"' :tl~o ~µecial vector-like objects. Tlae first six words of the block contain TYPE/v:1.lue 
pair!- for 1hc.' ITEM . IUOICf\TOR aud AVALUE of the ASOC. The nex t word contains forward .and 
b a ck\varc.I poi11tc-rs i11 1he chain for th:ll bucl..et of the association hash table. The la.st word 
contains for, v.ard and back \'lard pointers in tht! chain of all the assoc:iat ions. 

Appendix I 



t 

The MDL Prosra1111ning Language 219 

I ITEH I 
1----------- - - --1 
I pair I 

I INDJCAlOR I 
I --------- ------1 
I pa1r I 

I AVALUE I 
I--------- - ---- - ! 
I po ir I 

buck~t-ch~in pointors 

a$$OCiation - cha1n pointers 

-- -------------------------------
I ASOC I o I , _:_ _ ______ ____ __ , 
I 12 oc ta 1 I gc I 

PROCESS..s 

A PROCESS vectol" lool..s. exac:1 ly like a \'ector of TYPE/value pair,. It is different only in that thr 
garbagto collc:ctnr lfC':l\$ ii difftort-111ly f'ro1n a norn1al vector. and it contains l!Xtre1n~ly volatile 
i11 forn1ation \vhco lhl" PROCE'SS is RUNUJNG. 

111 a 1e111pl:ttc. lh(" 11111ubrr iu rhe typo fie-Id (left hair of fir.st dope word) identifil's to which "'storage 
alfoca1io11 e ta)) .. lhi~ TEMrLATE belongs. 31\d ii is u~ed to find PDP-JO in$tructions in internal table-s 
(frozen nvf'~torj.) for iJt"rror1nl11g LEUGTU, UiH, a.nd PUT opcra1io11s on any object of this TYPE. 
The prC1srarn" rn l.i1ilrl 1l1 c . ..,c 1-.hlr'> <tr(' nor 1:>art or the interpreter. but the inrc:rpretcr doe5 know how 
to u.se 11ten1 pt()pt>rly. The c-on1pilt'r can pul 1he.s.e in .strucrion$ directly in co1npiled programs if a 
TEMPLATE is H<'Vt'r RCSTt'd: Clther"'i-'>e it rnu.\t Jct the interpreter discover the appropriate instruction. 
The value \\·Ord nf a fC'JHJ>latc pair co11 1ain.s. not a counting pointer. but the number of eten1ents 
th2t h:avr b<"f'n Rf..S1t"rl off in rhc fcr1 hair and a pointer to the first dope word in lhe right half. 

Appendi~ I 



220 Th~ MDL Programming Language 

Accun111J:.1nr~ '"' iTI• ~yn1bolic na111cs AB. TB. and TP are all pointers into the AUNNING PROCEss·.s 
control ~l:t<"k. l\B ("arg1nnt'11t h"~e") is a poiotf'r to the arg1unents to the Subroutine now being run. 
I t i$ ~et ur> l1y lh<" S11brou1 ine·call 111ediator, and its old value is always restored after a m('diat~d 
Subrouri11<' <":tll r("tt1r1t !>. TB ("'1c111porarit$ base") points to the- fra1ne for the running Subroutine and 
also .st'r\'<'\ :i .. :. s1ack ba<s(" point<"r. Th(' TO poinltr is really all that is ne<:t:ssary to return from a 
Subro111 in(' -- ~i''<'n a \':tluc> ro rt"turn. for exa1nple by ERRET - $ince the f rame specifie.s th!! entire 
.5tate of 1hr calling rn111i11C!'. TP ("'1e1nporarics pointer'") is the actual slaclc pointer and aJw.ays poin ts 
to the- curr<"nt rnp or th~ con trot .stack. 

\Vl1ile \\l(··rc· on lhf!' !>11ltjrct of acc1111111lators. '~" 1night as wtoJJ be con1ple-te. Each accu1nulator 
contain~ th<' \•;th•<' \vord Qf a p;iir. th~ corrr~ponding TYPE word.s re.siding in the RUNNING PROCESS 
VC'ctor. \Vl1c11 n l"ROcr-ss i~ 1101 RUNNING (or wht'n thr garbagie coJJector i.s run n ing). the accutnulator 
co11t<!Ht~ :irr ~torrd In 1he vE>cror . .$0 thal the objccf.s they point to look Hice ele1nent.s of the PROCESS 
and thll.'\ ar<> 001 garl.tai:-<>·COIJC"ctible. 

Accu1nul.'ltor.'\ A. ll , C, O. E and O arc used ahuo.st entirely a.s .scratch accu1nuJators. and they are 
not .Sa\•ed or rt> .. tor('cl :\C'ro.ss. Suhrourine- call~. or COUr.)e the- hHerrupt 1nachincry always .saves the.se 
and :1JJ 1;11her :tcC'u11H1lntors. A and B are u.std to return a pair as tht value of a Subroutine c.all. 
Other th<to chat ~P('<"ial fcacure-. they ~r<' just lik!l" tht 01her .scratch accu111ulator.s. 

H and R :tr(" 11.-.f>d in running RSUHR~. H i.s ahv,.y.) se1 up to point to the st:.rt of the RSUBR'.s. code. 
which i~ o:1<:Co:.Jly jo\I ~ 1111irc:tr1n ''<"clor of instruc1ion.s. All jn1np.s and other reft'tt'nce.s to the code 
use." M :1S. an i 11 dC"X r<'gi'\tcr. Thi.~ 111:lkes 1lu: code Joca1ion·i11.sen.)Jtive. which is neCC$.Sary because the 
code uvrcror \viii 1nnvt" ;tround. R is .set up 10 point to the vector of objects nct"ded by the RSUBR. 
This a.cc 11111ulatc-r i~ nece.$S;try becau.se objrcl.s i11 garbage·collttted space can 111ovc around. but the 
pointttr~ rn thC'll1 in tht> r<'ffl'rence vector are alway.sat the sa aue pJace relative to its beginning. 

FRH i:s. the inrrrn.'ll fl'a1ur pointer. used in co1npil('d code." to keep rrack of pending Subroutine call$ 
wlic."11 I he <"<'ntrnJ s.t:.<;k is he:tviJy used. P is the intern3l·stack pointer. ust'd prilnarily for internal 
c.:alls in the inrcrpr<.·ccr. 

One of lhE" ui~<"~I r«'.,lur('.~ nf lh<" f\1DL cnvironn1en1 i.) the uniror1nity of the ca1Jing and returning 
.sequC'nce. All S11Urn11tint>~ - bo1h buiJt.fn F/SUBR.s. and con1piled RSUBR(·ENTRY).s - are c.alled in 
exac1Jy tl1t> ~a. 1 11c.· \vay :t1u.f r<'l11rn 1hc ~a111e \Vay. Argu111e11ts are always pas.se.d on the control staclc 
and f'C''\Ltlt' :tl\t"'"Y-~ r n d op in chc:- s::une. accu111ularors. For efficiency rea$Oll.S·, a lot of internal call$ 
'vithin lh(' i11l("r·prc1rr circ11111,·cnt the calling sequence. Jlowever. all calls ntade by the interpreter 
\Yh<>n ru1111i11g u\er prngra111,s. go lhrough 1he srandard calting .sequence-. 

A Subrnutin<' ca.JI is i11ifi:t1crl by one of three UUO.s (POP.JO in.strucrions executed by software 
rarher th;'lu hard\v~re). MCALL (-MDl. call .. ) i.s used when the number of argun1ents is known at 
asse1nble or co1npile tillit>. ancJ thi!> 11u111ber is le.s.s than 16. QCALL (•quick can·) may be u.sed if. in 
addition. an RSUBR(-ENTRY) is. being called that can be called "'quickly• by virtue of it$ h aving 
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.speci:ll infor111a1inn in i1.s rrrcrencc vcclor. ACALL ('"accu1nulator call1 is U$ed otherwise. The 
gcuer:JI 111C"1hf"'ld of c-alli11g ~ Subroutine i~ to PUSH (a PDP-10 instruction) pairs repre$cnting the 
argu111e11I$ oii10 lhf' C'On lrol !>tack via TP :tnd lhen either (I) 11Cl\LL or QCl\LL or (2) put tht- 11Ul'nber of 
argu111C'11t-.. i111n ."ln nccu11111lalQr and /\CALL. Upon re1ur11 th~ obj~ct returned by the Subroutine will 
be iu :tc-c-11111td:ltor., A -.nd n. and the argun1c111s \viii have been POPped off the control .slack. 

Tht!' c;ill 111t•JlAtor ~tnr<'~ 1hc contents of P :tnd TP and the :addreo.ss of the calling in5truction in the 
currcnl fr:.n1c (poi111ed In by T6). It ;tl!o .!tores f\fDL'.s "'binding pointer"' to the top1no.st binding in 
1he <:0111rol -"':'l<"k. (Tiu·• h incling.s ~re linked tog<"lhcr through the control .stacl< $0 that $earching 
through thr111 i~ 111nre effic-irnt than JooJ.:iug at r:very object on thl' .stack.) This fra111e now .speocifit-.s 
th<' t"Utirt"' ~tale nf tht" c:tllrr \Vli C'u the call occurrtd. The 1nediator then builds a new fratne on the 
control ~t:\ck :tnd ~1nrC'5 ~ pnilucr back to 1hr: caller's fra1nc (the- currt'nt content$ of TB). a pointer to 
the Suhrouti11(' bci11g c:~tlrd, and th(' 11('\V GOntt'nls. of AB. which is a counting pointer to the 
argu1ucut~ and i'° co1npu1ed fro1u lh e i11for111atio11 in the HCALL or QCALL in$truclion or Ute ACALL 
accu1nul;itQr. TB i\ then s.ct np to 1>oint to Che ne\\I fran1t-. and its lefc half i$ incre1ne.nted by one. 
1naking a UC"\\' un1crue-id . The 111C'diator 1hc11 trans.fcrs control to 1ht> Subroutine. 

ENlRY ca 11 od- addr 

un1aue-id prcv frame 

~rgumant pointer 

saved bindfng pointer 

saved P 

saved TP 

savod calling address 

The fir~t alirf't" \vOrtl' 01r<' ~rt up during 1he c"ll to lhC' Subrouiine. Tht"' re.st arc filled in when thi$ 
rou 1 iltf> ca JJ, a 1101 her Su Urou 1 i ne. The ler1 ha If of TB i~ i ncre~uented· every t hne a S ubrout I ne call 
occur.s anJ it. .. .,,~cJ a .. 1l1c unique - 1<1 for the fra1ue. stored in fra1ne and tuple pair.s a.s 111entioned 
bf!>forc. Obviou .. ly lhi.s id i~ 1101 .-..1ric1ly unique . .since each 256K caJl.s Ir wrap$ around to z.ero. The 
righ1 half of 18 i\ :t l\v.::ty-" l rf1 pninti n g one \vord pa.st the .savcd·calling-addre.s.s word in the fra1n~ 
iP i.s al~o Jf'fl pointing al 1 h:tt \vnrd • .since I hat i.s the top of the C>ontroJ $tack at Subroutine entry. 
T hf!> argun1<·111' 10 th<' <"';lllcd Subr()Uline arc belo'"' 1he fra1ne on the control .staeL: (at lowe-r storage 
addrC'.s~c-.. ). ancf lhC' cc1npor"rit'!- fnr 1hc C'allC'd St1broutinc arc above the fra1ne (at higher .storage 
addre.s.se-~). Th~ ... t' f\r~11111f'nls autl 1e1nporarics. arc j u .st pairs .stored on the control $lack whilr needed; 
they are alJ 1Jia1 rt>1n3i11 of UNSPEClAL values in coutpiled progra111$, 
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T he- follo\viug f igure ~hn\Y.S \vha1 Che- co1Hrol &lac.Jc tnight look like after .several Subroutine calls. 

I 
I 

I 
I 

-- ---------- -----
'1rgs for S l 

I frllme for Sl 

------------ -- --- <--
1 

tcrTU->.S ror S l I 

I 
------- -------- -- I 

I 
arus for S2 I 

I 
----------------- I 
I frame ror- sz 

<------

I temp:-; ror SZ 
I 

arn~ f"or S3 

' frarno for Sl 

(top) 

' I 
I 
I 
I 
I 

T he a.bQv<" figure: ~lio" .. " lit<' fr::unC's 3JI Jink<'d togelher through the control &lack (the ·~xecution 
path"), .so rhat ii i!'> ra~y ro r<"t11r11 to 1hc- c..aJJcr of a given Subroutine (ERR.ET or RETRY). 

Subroutine: e~it •~ a<'conq>Ji,h('-d ~ilnply lly 1he call 1nediator, which load.s the r;ghl hair of TB from 
the previous f r a111c- poi111cr. rC"~torcs th e "'binding pohlter". P. and TP, and tran.sfer.s control back to 
th«!' in-$tructinn folfo,ving tl1e ~avcd ct11Jling addt<"!>s. 

' 
< 
r 
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Var iable Ulnding~ 

All foC'nl /\IOM ,·alt1<'~ ;ire- J..e-pt 011 the control .stack of tht': PROCES.S to which they are local. As 
dC'~Cr"ibC"cJ bc:fore, th<- ato111 contains a \vord that point5 to the value on the control .sta ck. The 
pointer i~ n~1u:lJly tC'I .it s.i;x·\\'Ord "binding block"' on the control stack . Binding blocks have the
follo,ving rn1·1nat : 

---------------------------------
I OJNO or UCINO I prev 

----- ----------------------------
pointer to ATOM 

----------- -- ------------ --------
I value I 
1--- -- ----- - - - --1 
I pair I 

---------- -----------------------
<lccl uniQue-id 

---------------------------------
previous - binding 

where: 

SINO t11ra11 .. thi\ i.s a l.Jlnding for a SPECIAL ATOH (the only kind uffd by con1pi led progra ms). 
and llflJNO 1ot'an~ this. is a binding for an UNSPECIAL ATOH •• for SPECIAL checking b y the 
interpreter: 

prev (>Oill l \ Jn Chl"' c1<'~C:.!iot previous binding block f or any ATOf1 (the .. acce-.ss path• - UNWI ND 
obj<"<'"l<e. a.rt" aJ,o Hnk("d in thi.s. chain): 

decl pC'aiuts to.- OECL a'~oci;tted \Vith 1hi1> binding. for SET(LOC) to c heck; 

un fquc-id i-. 11-.<'cl for valid;:ilion of thi.s block: a nd 

previous-l>inding poinlj. to lhe clo~r\.t previous binding for 1his ATOH (used ln unbi n din g). 

Bindin~' :lr<' g<"11t•r:irrd hy :in intf'rnal .subrciutine call~d SPECBINO (na1ne co1ne.s fro1n SPECIAL). The 
ca.llt>r '" SPf.C61UO PUStlC"-" c-flnsec:urive six·wflrd blocks onco the control st.:ack via TP before calli n g 
SPECSJN('I, .. fhC" fir~t \vnrd of c:tch block con1ains Che TYPE code for ATOM in its left half and alt 
one~ in ;, .. ri r. l1r h:tlf. 5rfCBIUO u~C"\ 1his bit pattern to idcn1iry Che binding blocks. SPECBINO~$ 
cnJJer ;il~n fill' in 1hC" UC"XI 1hrr(" '''ords and Jcavt's the la.st two wordl> c1npty. SPECBIND fi lls in the 
r~4t and lt-a\'C\ lh<" ··hinding r>oi111cr'" poinling at the 1op1no5t binding on the control .ttaclc. 
SPECBlf"D ;tl~o $1(lrl"'$. :. poin1cr to the currttrll binding in the value ttll of the ato1n. 
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Unbi11cJi11go i~ :lt~('n111pli"h<'cl during Subroutine return. Whrn the previous fra1ne i5. being re$tOrf!d. 
the caJI 111('di:l1nr cl1 C"cl..~ tn St'P if tht> .s.nv('d .. binding pointer .. and tht' curren1 one arie di(f°ere-nt: if 
lhcy "'<"· SP CCSTOR E is. cafl<'d. SPECSTORE ruu~ lhrough the binding block.!., re$tOring oJd value 
pnilllt"r~ in :irn1us until tlic ' 'hindi11g poi111er'" i$ equa1 to lhc one saved in the fratt1e. 

Ob,·iou ., ly ''arj:.lJfC" biuding i,\ 111ore C'o1npficatl"d rh:in 1hi5, becau3e ATOM$ can have both local and 
gfob;il \'aluc~ ."111(1 <''°<'It diff('r('UI Jnc-al v;tlUt".S in different PROCESSe$. The 3oh11ion to all of these 
:.\ddirinn:-.1 prnhlC'1n~ lir"So in rl1c bindid fiC'Jd of Ore aco1n. Each PROCESS vector al$o contains a 
curr~nt h inclid. \\"llt'"li<''·<"r :tn '' TOM',_ Joc:al \':tlue i5 de.sired. tht RUNNING PROCESS',s, bindid i,s, 
checked :t !::ti11'>I lli t11 ('If lh e <trn111: if They are lhe ~:1111e. the ato1n points to 1hf' current value: if not. 
the c 11rr<-u1 rROCEss·., <'OllTrhl )la<"L 11111.st be .sC'arclaC'd to find a bjnding block for this ATOM. This 
bindius ,,- h<-111r 111i !!hl hC' C':tllctl ".shaJJo,,• binding". The .searching i5 facililated by having all 
bindin~ hl11C' I •. "- lintt>cl l('lf_!<>lhC'r. Rrft'>rring ro glnbaJ variable.s f.s accon1pJisJ1e-d in a si1nilar way. 
using n VECTOR 111;11 i\ rr f('rr<'d 10 ::.1 lh~ .. global $fack ... The global stack has only an ATOH and a 
vaJu~ 'fn1 fo,· C':l<h v:trb~blc-. .siurc global vah1c-s never get rebouud. 

EVAL \villi fC"'PC'<"f tn a cliffcrc111 c-11vi ro111ucn1 c-:iu.sts sotne addi1ional problcn1s. Whenevt>r this &cind 
or EVAL ;, doll<.'. a hr:.ntJ II<''" I> ind Id i.s. g'f"nerated. forcing all currf'nt local value ce-Jls of aton1s to 
a.pp<'nr i11\· a1it1. l.oC'~I \'aluC'~ 1nu~t 110'" be ob1aincd by searching the control stack. which is 
ine-ff iC' ic-111 C"o111p:. rc·ff In ju.;r pullin~ 1he111 out of rhc a101n1. (The grroarest inefficiency occurs when 
an ATOM'.a. LVAt ;, 11t-'' t"r u'ed ''''i<'e i11 3 rcH" in thl' 1oa111e environment.) A spt'ciat bletck is built on 
the c:ouirc:tl 'l:t('.~ <\ud linkc."tJ i111n the biuding-blocl.. ..,hain. Thi.s block i.s. called a ""skip block .. or 
.. C"nvir-nn1nt"111 $J)Jic C'". :.nd it divcrL~ rhc '"acccs.s path" to the new environn1t-nt. causing .searche.s to 
beco111e r("fn.ti"·e ro thi.~ ne,.., Pnvjro111neu1. 
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Appendix 2. Predefined Subroutines 

The follo,ving i) a ,·ttry hriC'f deot.cri1>tion of all the pri1n1t1Ve.) (F/SUBR.s) cur-rently av:.ilabJe in 
r-.tDL. ·ri.<''t' c.IC',<'1' lp1it.n1t> are io no \vay to l>t" considt'red a definition of the effec:ts or values 
prodnc<'<I by rl1r prh11i1i,·('!>. They ju.st try to be a.s eo111plcte and a.s accurate as is possible in a 
.si11i;:-fe•\ta1e1ut"nr dc"C'riptio11. flo'"rver. bC'cause of lhe co1npJcxiry of 1nost prhnilives. tnany 
i111pnrt:tu1 a~ .. u111p1in11\ nncl re .. tric1Io11.s have been 01nitced. Even though ;ill prin1itive.s return a 
valu<" • . \nn1c dC'.,cription~ 11\C'ntion QnJy llu: side effects produced by a prhnitive. because these 
pri1nit iv(" .. arr tun .. 1 nftC'n u~C'<I for this effect rather ch;in the value. 

A dcs<:ri1>ti(l11 i.$ givrn in thi~ for1n:u: 

n;1me ( art~Urttrnl r. ) 

dee/ 

English clf' .. crip1 iou 

Thi~ forn1:i: t i' intrudrd ro letok liJcf'" ;i F'UUCTJON drfinition, onlitting the call 10 DEFINE and all 
intt>rual variablC".<i. :u1d cndt>. The n~mc i5 just the ATOM that is u5ed to refer lo lht: pr;1nitivie. The 
uan1cs of the ~rgun1enl$ :ire i11tC'ndccJ lo be!' t11nt"111onic or suggestive of their 1neanings. Tht- dee/ i$ a 
FUNCTION-&t)rl<' orct (f'll:.pt<'r 14) for 1hc prhnitiv~. Jn sonu: c.as,c$ the OECL 111ay Joolc unusual . 
bt-C:t.U>'l" ii i;-. i11t«-11clrcl In cnnv<'y i11(or1nation 10" p erson 3bout the uses of argu1nents, not to convey 
i11forn1:.tin11 10 llae l\10L inrcrpreter or co1npil<'r. For exaanple, <OR FALSE ANY> i.s functionally 
equiva:l!"nl to /\UY. Uut tt indiC<tl('$ th:lt only 1he .. truth .. of the argu1nen1 is .$ignificant. Indeed. the 
[OPT ... ] cnn~rrn<"tinn i~ n(1rn 11srd illr.gally. ,.,.ith olhcr eJcrneuts foJJowing it: be warned that 
MOL \\•nuhf no1 :tC"<'<'Pt it. An ~rgu1nen1 i.s includ("d in the sa1ne LIST with VALUE (the- valur of the 
pri1nifi\·c) n11Jy if lht> nrgu11lt""111 i5 3Ctually returu~d by the primitiv~ as a value. Jn other words. 
#OECL ((VALVE ARG) •.. ) implio• <.:? .VALUE .ARG>. 

• ("TVPLC" rACTORS) 
#OECL ((VAIUF) <OR rxx rLOAT> 

(FACTORS) <TUPLE [REST <OR FIX FLOAT>)>) 
n1ul1ipliC''> ::.IJ arg11111C'nts togcthcr {ari11unttic) 

+ ("TUPLE" TERMS) 
#OECL ((VALUE) <OR FIX FLOAT> 

(TERMS) <TUPLE [REST <OR FIX FLOAT>]>) 
a dds all argu1ncu1.s together (a.rith1uetic) 
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- ( "OPl IOJIAI • MJHUtrm "lUPl.F." SUBTRAllENOS) 
IOECL ( (Vl\LU[) <OR FIX FLOl\T) 

( MINucrm) <OR rix fLOAT> 
(SUllTRAllfJJOS) <TUPLE [REST <OR FIX FLOAT>]>) 

sub1ract!I- o tlu.•r ~,g11111f'1tl1" fro111 fir$f argu111cnt (arillunetic) 

I ( "OPTIOJlAL • DIVJOCUO "TUPLE" OlV l SORS) 
IOECL ((VA I Uf) <OR fJX FLOAT> 

(llIVIOH~D) <OR FIX HOl\T> 

(OlVISORS) <l llPLE [REST <OR FIX FLOAT>]>) 
dividcor, fir ..,1 ;11rg11111C"ut l>y nrhcr arg1nnt>ut.s, (arithn1etic) 

07 (NLIMB~R) 

IOECL ((Vl\LUC) <OR 'T '#Fl\LSE ()> 
(IJUMB(R) COR FIX FLOAT>) 

telJs 'vh<>lli<'r ~ 1111ru t-,C',. i ,\ 7<'ro (prfflic.ate) 

I? ( NUMDCR ) 

IDECL ((VALLI[) <OR 'T '#FALSE ()> 
(NUMllfR) <OR f"T X FLOAT>) 

tells \VhC"lhcr :\ un1ulJ(l'r i.\ OU<!' (predicate) 

!STEP (PROCESS) 
ll'DECL ( ( VALU~ PROCESS) PROCESS) 

C;JUSC'~ a PROCCSS In Piifer si11gfe·$lt>p anode 

••? (OllJCCT-J OBJCCT-2) 
#OECL ((VA J.UF) <OR 'T 'lfl\LSE ()> 

(OBJECT-I OBJECT-l) ANY) 
t~Jls wl1C'th<'r l\vo C1hjc-<"t.S .-re 00t"xac1Jy"' t'lJ.ual (predi~te) 

•? (OBJECT-I OUJECT- 7) 
IOECL ((VALUE) <OR ' T '#FALSE ()> 

(OBJEC T- I OBJECT - l) ANY) 
trlls wh<"rlt~r t\vn nhjr<'t., a re -t.trucru r~Uy"" cqual (prt'dicatt') 

ABS (NUMBER) 
ll'OECL ((VAl.UE) <OR rix F LOAT> 

(flllMBl'R) <OR FIX FIOAT>) 
return$ ab~nlute ,·alue of a nutnber (arirhnat'tic) 

ACCESS ( CllANN(L ACCESS- POINTER) 
ll'OECL ( ( VJ\LUF CliAllNFI.) CHANNEL 

(ACCESS-POIN1cR) FI X) 
s~rs aCCt'.$S poinl<'r ft1r U<'XI 1/0 tr;in$fet via a CHANNEL 
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ACTIVATE-CllARS ( "OP1 ION/IL" SlRING) 
IOECL ( (V/11.U[ SlRINC) STRING) 

$~Is or r r 1 n1 11 '-' i 111<-r111p1 ch:trO'C:lt't.s fflr rtrn1inal typing (Tenex and Top.s·20 ver.sion_.s only) 

AGAIN ( "OPT IOllllL • (/IC TIVA TION . LPROG\ ! -INTERRUPTS)) 
IOECL ((VALUr) ANY 

(f\CT1V1HTOIO llCHV/\1JON) 
rlf'su1n('~ f'Xl"C"tttinu ;tt lhe gi,•en l\CTIVl\TION 

ALL TYrr.s c l 
'OECL ( (VlllUf.) <VEC "IOR [REST AT011]>) 

relurnb 1hv VEC10R nf atl typt na1ne.s 

ANO ("l\RGS" /\RGS) 
IOECL ((V/\LUl) <OR FALSE ANY> 

(ARCS) LIST) 
con1putc1" Jog i<':tl .. ~ 11d" of 1ruth·value.s. evalua1ed by che Subroutine' 

ANO? ("TUPLE" TUPLE) 
ll'OECL ((VALUE) <OR FALSE /\HY> 

(TUPLE) TUPLE) 
co1nputr~ IC1f!iC":lJ .. _..,o·· of trulh-valut?"s. ev.-Juated at call litne 

ANOB ("TUPL E" WORDS) 
IOECL ((Vf\ I Ur.) WORD 

( wmms) < TIJPI E (REST <PR IHTYPE WORD>)>) 
co1nputc~ lJit\\' i!-<" .. and .. of 1nachi11e '"'Ords 

APPLICABtr.? (OBJfCT) 
"'DECL ((VAl Ul) <Oii ' T 'lfALSE ( )> 

(OBJECT) ANY) 
tells. \vhc1hc-r argu1nc-ot i.s applicable (predieatt) 

APPLY (APPLlCAllLE "TUPLE" ARGUMENTS) 
IOECL ((VALUE) AHY 

(APPLICABLE) APPLICABLE (ARGUHEHTS) TUPLE) 
applies fir~1 :tr~11111C"nf In th<' C')fhcr .-rgu1nruts 

APPLYTYPE (TYPE "OPTION/IL" HOW) 
IOECL ((VALUE) <OR ATOH APPLICllOLE '#FALSE()> 

(TYPE) A TOM ( llOW) <OR ATOl1 APPLICABLE>) 
.spec i fie.s n r rt'tur'n.!> het\'o' a dara 1ype i~ applied 
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ARGS (CAI I. ) 
IDECL ((Vl\LU~) TUPLE 

( Cl\LL) <OR FRAME ENVIRONMENT ACTIVATLON PROCESS>) 
return.\ ari::111nC'11t~ of a givc1i un·rc1ur11cd Subtou1ine call 

ASCII (CO!>~ -OR - Cll/\R/\CTER) 
IDECL ((VALU E) <OR CHARACTER FIX> 

( COll[-OR-Cll/\RACTCR) (OR rrx CHARACTER>) 
f·t"tUl'"ll~ C:llJ\R/\C1 rR. \Virh givru ASClJ t:nd(' or vice vet$3 

ASSIGNEP7 (ATOM "OPlJON/\L" EllV) 
#OECL ((VAIUE) <OR 'T '~FALSE ()> 

(I\ I OM) I\ TOM ( ENV) <OR rR/\ME ENVIRONMENT ACTIVATION PROCESS>) 
tell.s. \vheth ... r ~111 /\lOM ha.s.-' local value- (predicate) 

ASSOCJA TIONS () 
~OECL ((VA I Ul) <OR /\SOC 'IFALSE ()>) 

rt!lur11$ lhe fir'."-'I ohjt.>c:'I in lilt associ:1Ciou chain 

AT (STRUCTllRro "OrHOllAL" (fl I)) 
#OECL ((VIit.Ur) lOC/\llVE 

(STRUCTUR ED) STRUCTURED (N) <OR FIX OFFSET>) 
rt'turn~" fn('ati,·r In lh<" Nlh rlrrncnt of a ~truclure 

/\TAN (Nlll'IUtR) 

IDECL ((VALUE ) FLOAT 
(NUMBER) <OR FIX F LOAT>) 

return~ :ire r:i11sf'nl nr a nu1nbt>r (arirhuattic) 

A TOM ( PfU\ME ) 
#OECL ((VALUE) ATOM 

(l'tl/\Mr) SlRlNG) 
cre3lf'$ :lit f\TOt1 \\'ilh ;\ ~iVt"O lt<l11ll' 

AVALUr. (ASSOCJATJON) 
IDECL ( (\/Al Ul) /\NY 

(ASSOC II\ 1 JOtl) /\SOC) 
return$ the .. value .. fi<"l<l of an as.)~iation 
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BACK (STRUCTURE "OPTION/IL" N) 
IOECL ((VALUE) <OR VECTOR TUPLE UVECTOR STORAGE STRING BYTES TEHPLATE> 

( N) FIX 
(STRUCTURU <OR <PRIM TYPE 

<PRIM TYPE 
<PRIHTYPE 
<PR HI TYPE 

VECTOR) <PRIHTYPE 
UVECTOR> <PRIHTYPE 
STRING> <PRIHTYPE 
TEMPL/ITE>>) 

TUPLE> 
STORAGE> 
BYTES> 

229 

replac~.s. ~("IH'" t>lt>111ttnl~ ren1Qved frotu a non- list 1tructure by RESTing and cha11ge.s to primitive data 
type 

BIND ( "llltr.S" /\ltGS) 
IOECL ((V/\LUk) /\HY 

(/\RCS) <LIST (OPT /\TOH) LIST [OPT DECL) ANY>) 
e:icccutC".5 '"'lllC'n1i~l t'="prcs-;inn,s. \\'ithout providing a bound ACTIVATION 

BITS (WlDTH •orTIOll/IL" (RIGHT-EDGE O)) 
IDECL ((V/\LUC) BlTS 

(WTOTll RJGllT-COGC) FIX) 
crie-ate..5 a hi1 tna ... k for PUTUIT~ and GETSITS 

BLOAT ( "OPTIOll/\L" 
(rRCC 0) (STACK O) (LOCALS 0) (GLOBALS 0) (TYPES 0) (STORAGE 0) (P-STACK 0) 

MW GROW-I OC/IL GR0\.1-CLOB/\L GROW-lYPE GROW- STORAGE PURE P-STACK-SIZE STACK-SIZE) 
IDECL ((VALUE) FIX 

( rREE STACK LOCALS GLOBALS TYPES STORAGE P- STACK HIN GROW-LOCAL GROW-GLOBAL 
GROW-TYP[ GROW-STORAGC PURE P - STACK-SIZE STACK-SIZE) FIX) 

a l locat"$ l'Xtr:t '-tC"lr"4gf> 1r111pnrarily 

BLOAT-STAT ( •orTIOllAL" STATS) 
"DECL ((VALUF) <UVECTOR [27 FIX)> 

(Sl/\TS) <UVECTOR [27 /INYJ>) 
give.s ga.rbage-coJlc-ctor ""<.I ~toragt $>tali$tiC$ 

BLOCK ( lOOK-llP) 
"DECL( (V/\LllE lOOK-UI') <OR OBLIST <LlST [REST <OR OBLIST 'DEFAULT>)») · 

SET.s OBLTST fnr lnol..ing up /\TOM~ during READing: and PARSEing 

BOUllO? (/\TOM "OPT JOllAI." ENV) 
•OECL ((VALUE) <OR 'I '#F/ILSE ( )> 

(/\TOM) /\TOM (ENV) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>) 
t~ll.s whctht"r :.u ATOM i~ locally bound (prcdic.atc) 
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BREAK-SEO (OBJ r CT PROCCSS) 
"DECL ( (VIII ll~ PROr.rss) PROCESS 

(OBJECT) ANY) 
tnodific.<t <'X('c-11tinu 'C"f']tt<'ll<'C of anotht'r PROCESS 

BUFOUT ("OPlJOIMl " (CHANNEL .OUTCHAN)) 
IDECL ( (Vf1LllE CHAllllEL) CHANNEL) 

\vri1C$ ou1 all inlC'rnal fl.lOL l.tufft>r$ for an output CHANNEL 

BYTE - SJZc (OYlLS) 
#DECL ((VALUE ) F!X 

(nYl(S) BYTES) 
rf"lurn.'\ !oi1(' nr hytf''\ in :\ bylr•!.tring 

BYTES (SHE "TUPLE" ELEllEIHS) 
#DCCL ((VA LUE ) BYTES 

(STZE) F JX (ELEMENTS) <TUPLE (REST FIX)>) 
cr~alt'!. a byte-~tri 11 i; fro111 explici1 argunient.5 

CllANLTST () 
*DECL ((VAlUF ) <LTST (l!FST CllllNNCL)>) 

return.s a LIST of <'llrr('nlly open 1/0 CllJ\NNEL.5 

CllANNt:L ( "Ol'TTONAL • (MOOE "READ") "TUPLE" FlLE-NAliE) 
#OECL ( (VIII UIO ) C:llAIWEL 

(MODE) SlRlNG (FILE - NllHE) TUPLE) 
creatc5- an unopened 1/0 CHAHNEL 

CHTYPE (OHJECT lYPE) 
#OECL ((VALUE) ANY 

·(Ol)JECT) AtlY (TYl'E) ATOM) 
111a:ke.s a Ur\v p3ir \\•ich a glv<'n data ryp<' (ro111 an old one 

CHUTYPE (UVE CTOR TYPE) 
#OECL ((VALUE UVECTOR) <PRlMTYPE UVECTOR> 

(Hl'E ) AlOM) 
change~ lhe da1.- type nf the t>le111f'nl.s of a unifor111 v~ctor 

CLOSE (Clll\IHl(L) 
"0ECL ( (VAlUF. CllllNNEL) CllANNEL) 

clos~l> an 1/0 CHl\NNEL 
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CLOSURE (fllNCTION "TUPLE" VllRTABLES) 
,DECL ((VALUE) CLOSURE 

(rlJNCTION) FUNCTION (VARIAOLES) <TUPLE (REST ATOii)>) 
"biud.\'

0 

1 Ii(' rrr<" v:.riahl<'.\ of a FUNC r JON to currcn1 valu's 

COND ("ARGS" CLAUS(S) 
#OECL ( ( VAi UL) ANY 

(CLAllSI S) <l JST <LlST <OR FALSE ANY» (REST <LIST <OR FALSE ANY»)>) 
evaluatt"S cnuc,Ji1 ion) n11d ~elected expression 

CONS ( NEW·F. I r:111: rn LIST) 
#OECL ((VALUE) L!Sl 

( llEW · E.LIOMEtlT) ANY (LIST) LIST) 
add.\ ;111 C'IC'HIC'llt IO lht' frnut of a LIST 

COS (NUMBER) 
#OECL ((VALUE) FLOAT 

( tlllMBCR) <OR rIX FLOAT>) 
return~ c-o,inc nf a 11u111b('r (a.rillu11c1ic) 

CRLF ( "Or'T IOllAL" ( CltAllNEL .OUTCHAN)) 
#OECL ((VAlUC) 'T 

( CllANllF.l) CltAIHI~ L) 
print.\ a e.1rri:t~C'-rC'lur11 aud line.feed via an output CHANNEL 

OCCL-CllECI: ( "OPTIOHAL" SWITCll) 
#OECl ((VAIUF.) <OR 'T 'IFALSE ()> 

( SWTTCll) <OR FALSE ANY>) 
enable.\ or di,nblC'.\ typc-dcc.Jaration checking 

OECL? (OOJECl PllllERN) 
IOECl ((VALUE) <OR 'T '#FALSE ()) 

(OBJECT) Arn (PA TTERIO <OR AT011 FORM>) 
tells \Yht'th('r ~n ohjcc-t 1na1ehf's a type Ut>claration (pN:"dicatc) 

DEFINE ( 'NArlE "llRGS" ARGS) 
#OECL ( (VALUE) A 1011 

(llArlF.) MIY (AR<.S) <LIST (OPT ATOM) LIST (OPT OECL) ANY>) 
sets the s-lobal ,·alu<" of an /\ l'OM to a FUNCTION 

OEFMllC ( '1rnr·1r: "ARr.s• llR<.S) 
#OECI ( (VIII UE) II lOa 

(NAME) ANY (llRGS) <LIST (OPT ATOM) LIST (OPT DECL) ANY>) 
.sets the global vt1htC' of an ATOM to a HACRO 
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OEMS I G ( 111\11[) 
#OECI ( ( Vl\I tll ) <OR 'T 'I FALSE () > 

(Nl\ME) SlR!NG) 
signal$ ::.11 11·s d.:lc1no11 

OISl\Bll (JN IFl!Rtlf'l) 
*DECL ((Vl\LUE INTERRUPT) IHEADER) 

d i.sablcs an i111crrup1 

DISMISS (Vl\L "Orl!Otll\L" l\CTIVATION INT-LEVEL) 
"'OECL (( Vl\LUC Vl\l) l\llY 

(AClTVATTON) l\CTIVATION (INT- LEVEL) FIX) 
di5JHiSSt'"'- :'Ill int('rr11pt n<;<'.urrt"nce 

ECHOPl\lR (Ill OUT) 
,O~CL ( (VALUC IN) CllANllEL 

(OU I ) ClllllmE I ) 
coordill:\l<'S J/ (l CU/\UNf:Ls for <"Choiug character.son rubout 

EMPTY? ( 00,l[CT) 
"0ECL ( (Vl\lllF) <OR 'T 'lrALSE ( )> 

(OBJECT) STRLICTUHED) 
tf!'ll5 \YhcthC'r :t ."-lruclnr<' ha~ 2.<'tO cle111cnts (pt~dicate) 

ENABLE ( WHRRUPl) 
IOECL ( (Vl\LUE INlERRUPT) IllEllDER) 

enable~ an in1crrup1 

EHDBLOCK () 

The MDL Progra1n1ning Lan guage 

#DECL ((VALUE) <OR OBLIST <LIST [REST <OR OBLIST 'DEFAULT>)>>) 
r«!'.slorc..s 1h<" .OBLIST chal f.'Xi5t<'<l before corre5ponding call to BLOCK 

ENTRY - LOC (fHlRY) 
#DECL ((VllLUE) FIX 

( ENTRY) RSUBR-(NTRY) 
return.s the offsC"'t in 1f1r cndc: vector of a n RSUBR-CNTRY 

EQVB ( "TUrLE" WORDS ) 
#OECL ((VALUC) WORD 

(\./OROS) <TUPLE £REST <PRIHTYPE WORD>)> ) 
co1n p u.t e.s bit\\'i.St> "f'qui,·alencl" .. of n1achi11e word$ 
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ERRET ("OPl!OUllL" VllL (FRllME .LERR\ ! - INTERRUPTS)) 
IOECL ((VllLUEJ /\NY 

(VllL) llf~Y (FRAM£) FRAME) 
con I inuc~ l"\·:tlu:tt inn rroa11 the l;1131l ERROR or LISTEN or frotn a given FRAME 

ERROR ("TUPLE" INFO) 
IOECL ((VlllUE) /\NY 

( lN~O) lllPLE) 
4top~ and i11f<1r11i~ tl~('f' nf nu t"rror 

ERRORS Cl 
#OECL ((VlllUE) OlllTST) 

return~ lh<' OBLIST '"hE;"rc error 111e.s$ages are located 

EVAL (/\NY "0P1 TOHAL" ENV) 
#OECL ( ( VllLUE) lltlV 

(EflV) <OR fRllME EUVIRONMENT ACTIVATION PROCESS)) 
evaluate~ ::tn C"Xprc-~.!ooion in a giviru ('nviroun1eut 

EV/IL TYPE (TYPE "OP 110111\l" ltOW) 
IOECL ((VllLUE) <OR /\TOM llPPLICllBLE ' #FALSE ()> 

( TVP[) llT011 (llOW) <OR ATOM APPLICABLE>) 
$p~cirie~ Ctr r<"turns lto\Y :1 d:11-. typit i~ evaluated 

EVENT (NllHE "OPTIOUAL" PRIORITY WHICH) 
IOECL ( (VALUE) llfF.llOER 

( tll\HE) <OR S 1 RltlG ATOM JllEAOER> (PRIORITY) FIX (WHICH) <OR CHANNEL LOCATIVE>) 
sets up :lO int<"rrupt 

EXP ( NUMRCR) 
#OECL ((VIII.LIE) Fl OAT 

(NUMBER) <OR FIX FLOAT>) 
return~ He .. co lhc t>O\\'('r of a nuu11.Jer (arith1nrtic) 

EXPAND (/\UV) 

IOECL ( ( VllLUE) llllY 
(/\NV) /\NY) 

~valu:ttC'!i il'Jo nrg-u1nrut (Qnly onc'C' '' 2 MACRO is involvt!d) ir1 the top-lev~l e nviron1nent 

FILE-EXISTS 7 ( "TllPLE"" FILE-Ni\HE) 
IOECL ((VALUE) <OR 'T <FALSE STRING FIX>> 

(FILE-NllMC) TUPLC) 
t~s.t.5- for exis.rcnctt of :a file (prf'dica1e) 
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FILE- LENGTll ( INC ll) 
#DECL ( (VA i llf) I IX 

( 1141".H) CllAIWH) 

T he MDL P rogra1n ming Lang uage 

re1urn."" 1hc: ... y~1c:1n-pro\'idtod l~ogth of a file open on au i nput CHANNEL 

FILECOrY ( "OPTIONAi. " ( INCll • INCllAN) (OUCH .OUTCllAN)) 
*DECL (( V/11.UE) FIX 

(INCH OUCH) CHANNEL) 
copir~ <"ll:tr:a<-tcrs rrn111 one CHANNEL 10 auolh"r until end~or.file o n 1he 'np ut CHANNEL 

FIX (NUMU~RJ 
#DECL ((VALUE) FIX 

( llUMR[R) <OR rLOAT FIX>) 
return.s int<'~f'r p:1rl of :t nun,bt>r (aritl11n<"tic) 

FLATSIZE (/\NY flAX "OPTIOllAL" (RADIX 10)) 
IDECL ((VALi.JC) <OR rrx 'HrALSE CJ> 

(/\llYJ /\NY (H/\X R/\OIX) FIX) 
re1urn~ uuautt"•r nf characlt."I'.\ 11ttt.lt!'d to PRINl an obj ect, if not greater than g iven maximu 1n 

FLOAO ("lllrLE" rJl.[-JIAMf-ANO-LOOK-UP) 
#DECL ( (VALUr l '"DOllE" 

(FI LE-tiAME-AllO-LOOK-UP) TUPLE) 
rc:cd~ :end C\'<'h1<\l<"" ~II nbjcct.s in a file 

FLOAT ( NUllBLR) 
*DECL ((VALUE) FLO/IT 

(NUMOCR) <OR FIX FLOAT>) 
return.s ffn~ting-pninl v;t;Joe of~ 11u1nbcr (arirlnnetic) 

FORM ("TUrLE" ELEMENTS) 
#DECL ((VIII UC) 1· 0RM 

(El rHl"NT!>) lllPLE) 
create.s a FORM rrn1n <';\'.Pli<'it argutH<'UI$ 

FRAME ( "OPT l Olllll" ( rRAME • LERR\ ! -INTERRUPTS )) 
ofOECL (( VllLllU r Rllttf 

( FR/\tlE) <OR ~R/\ME ENVIRONMENT ACTIVATION PROCESS>) 
r~turns a pr<"'· inn~ SuUroulinr ull 

FREE-RUN (PRocrssJ 
#OECL ((VALUE) <OR PROCESS 'IFALSE ()> 

(PROCESS) PROCESS) 
caust-.s a PROCCS.s 10 f<'avc siugJc.stcp tnodc 
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FREEZE ( S ll!llClllHE) 
ofOECL ( (V/\l, llE) <Oil VtCIOR UVECTOR STRillG BYTES> 

( s rnuc TURE ) <OR <PRJl1TYPE VECTOR> <PRitlTYPE TUPLE> <PRUITYPE UVECTOR> 
<PRJ11TYPE STRING> <PRil1TYPE BYTES>>) 

tnalo.e.s cnpy of :.r~uutl'n1 io non·1novi11g garbage..-collected $pace 

FUNCT ( fR/\llf) 
#Of.CL ((VAtUC) AlOM 

(I Rf\M~) <OR ~R/\tll' ENVIRONMENT ACTIVATION PROCESS>) 
return~ Sulirou1i11r ua111e pf a gi,•tn prC!'viou~ Subroutiut call 

FUNCTION ("/\RCS" /\RGS) 
*DECL ( (VflLUt) FllllCTJOll 

(f\RGS) <LIS1 (OPT /\TOM) LIST (OPT DECL) ANY>) 
create-~ a rUNCTlOU 

G= 7 ( NUM!ll H- 1 llllMBER-Z) 
*DECL ((VALUE) <OR 'T '#FALSE()> 

( NUMll("R-1 llUMOER-Z) <OR FIX FLOAT>) 
tells \vhr1 hrr fir,1 ,.,.gu1nt'nt I-!. grC";\lt'r th au or equal to .second (predicat~) 

G? (NUMBER-! llUllllER-Z) 
#OECL ((VAlllr) <OR 'T '#FALSE()> 

(NUtllll K-1 NUMB(R-2) <OR FIX FLOAT>) 
tell5. whelht-r fir~I :.rgu1ue1H i$. grf'ater tlian $econd (predicate) 

GASSIGNC:O? ( /\TOM ) 
il'DECL ( ( Vf\LllE) <Oil 'l '#FALSE () > 

(ATOM) /\TOM) 
tells \Yhcthc-r ;111 ATOM ha~ a. hlo\Jal vah1' (pre-die.ale) 

GBOUNO? (AlOM) 
#OECL (( V/\LllE) <OR 'T 'I FALSE ( )> 

(ATOM) ATOM) 
t~lls \vhc-lh<'r :a.n ATOM C'VC'r 11arl a g lob<ll value (predicate) 

GC ( "OPTTOIV\L" Miii (EXfl/\USTIVE? (>) HS - FREQ) 
IOECL ((VAlU[) FIX 

(MIU MS-I l\fQ) n x (EXllAUSTIVC?) <OR FALSE AHY)) 
ca u ~(>~ :. ~:. rbaµc ('" lJC('tl ion ant.I ch a ng e.s g a rltage-e:ollection paranteters 

GC-OUMI' (MIY rRllHll) 
*DECL ( ( V/\I ur) <OR /\UY <IJV[CTOR <rRmTYPE \/ORD>» 

(ANY) /\HY (PRINIB) <OR CHl\NNE L FALSE>) 
duanp.s an object ~o rha1 il can ltt.> r<:produc-ed exa.ctly 
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GC-MON 
#OECL 

( "OPTIOIUIL • SWITCH) 
((VALIJC) <OR 'T '#rALSE ()> 

( !iW I rc11) <OR F AI SE ANY>) 
lurn.s garL:.gt"-t"nJlc-cl in11 111011i1oring off or on 

GC-REAO (RCAOR "0Pl1011AL• (EDF - ROUTINE '<ERROR • •• >)) 
•DECL ((VA l llF) ANY 

( REAl"l6) CHANNEL ( EOF - ROUTINE) ANY) 
inputs :au nl>jf'C.I 1ha1 '""~ prcYi<'lu-"1y GC-OUHPed 

GDECL ("ARCS• ARCS) 
#DECL ( (VALUE) AllY 

The MDL Program1ning Language 

(ARCS) <l JS! [REST <LIST [REST ATOHJ> <OR AT0/1 FORH>)>) 
dt"cl:irf"'- lhf" l}'p<'/.,tru<-tur~ ()(th<' global value of ATOH.s. 

GET (Il(ll HIOICAIOR "OPTTOllAL" (IF-HONE<>)) 
#OECL ((VALUC) ANY 

( 11 FM) <OR S TRUCTUREO ANY> (INDICATOR) <OR FIX OFFSET ANY> (If-NONE) ANY) 
dOe$ NTH etr GETPf{OP 

GET-DECl. (ATOM-OR - OrFSCT) 
#OECL ((VAlllf) <OR AlOH fORH 'IFALSE ()> 

(ATOii-OR - OFFSET) <OR LOCO OFFSET>) 
gel$ Ifie rypc clc-clar:a1fo11 for au ATOtfs value or an OFFSET 

GETBITS (nio11 F HLD) 
#DECL ((VALUE) WORD 

(fROli) <OR <PR1MTYPE WORD> <PRIMTYPE STORAGE» (FIELD) SITS) 
rf'tur11o.; .- hil firhl nf :'Ii 1112cfii11(" \\'Ord or STORAGE addrclos 

GETL (ITEM lllOICAlOR "OPTIOllAL" (If-NONE 0)) 

#OECL ( (VALUC) <OR LOCATIVE LOCAS ANY> 

(IHM) <OR STRUCTURED ANY> (INDICATOR) <OR FIX OFFSET ANY> (IF- NONE) ANY) 
do~s AT c>r GETPI. 

GETPL (ITCH IllDJCATOR "OPTIOllAL" (IF-NONE<>)) 
#OECL ((VALUF.) <OR LOCAS ANY> 

( TlEM INllICATOR IF-NONE) ANY) 
rrturn'l> a lnc:l1ivt" tn nn allociotljo11 

GETPROP (llfM TNnJCAlOR "OPTIONAL" (IF-NONE<>) ) 
#DECL C (VALUE) AllY 

(ITEM I llOICATOR IF-NONE) ANY) 
return ~ lh<' v:.h1t" ""''Ociatc-d \\fitlt an i1c1n undtr a n indicator 
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GLOC (ATOl1 "OPTIONAL" ("AKE-SLOT <>)) 
IOECL ((VALUE) LOCO 

(ATOl1) AT011 (HAKE-SLOT) <OR FALSE ANY>) 
return$ a l~tiv<- to t hr global-value ce11 of an ATOlt 

-GO (LABEL) 
#OECL ((VALUE) ANY 

(LABEL) <OR ATOH TAG>) 
goes to a lab<"I and continue.$ evaluation fro1n thrre 

GROW (U/VECTOR ENO 
#OECL ( (VALUf,) 

(U/VECTOR) 

DEG) 
<OR <PRIHTYPE VECTOR> 
<OR <PRIHTYPE VECTOR> 

increa.ses the $ize of a Vl"Ctor or unifortu vector 

GUNASSIGN (ATOl1) 
#OECL ((V/\LUE /\TOH) /\TOl1) 

caus.es an ATOM to havr no global value 

GVAL (ATOM) 
#OECL ((VALUE) /\NY 

(ATOM) ATOM) 
ret1.1r115' th~ glob;\l value of an ATOt1 

<PRlKTYPE UVECTOR>> 
<PRIKTYPE UVECTOR>> (END BEG) FIX) 

HANDLER (IHEAOER HANDLER "OPTIONAL" (PROCESS #PROCESS 0)) 
IOECL ((VALUE) HAND LER 

( JllEA!lER) IllEADER (HANDLER) <OR HANDLER APPLICABLE> (PROCESS) PROCESS) 
create3> an in1erru1>t H/\NOLER 

HANG ( •or>TIONAL • ( UllllANG < >)) 
IOECL ((VALUE) ANY 

(UNHANG) ANY) 
doe.s nothing. intcrruptibly. potentially forever 

I BYTES (SIZE LENGTll "OPTIONAL• (ELEMENT 0)) 
#OECL ((VALUE) BYTES 

(SIZE LENGTH) FIX (ELEMENT) ANY) 
create.s a bytc·$1riug fro1u hnplici1 argun1ent5 

lFORM ( LEl4GTH "OPTION/IL• (ELEMENT #LOSE 0)) 
#OECL ((VALUE) FORM 

(LENGTll) FIX (ELEMENT) ANY) 
create-.s a FORM fro111 ianplicit argun1tnt.s 
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ILIST (LENGTll "OPTIONAL" (ELEHENT ILOSE 0)) 
#DECL ((VALUE) LIST 

(LENGlll) FI X (ELEHENT) ANY) 
create.s. a LIST fro1n in1plicit ·argun•en15 

IHAGE (CODE "OPTIONAL• ( CllANNEL .OUTCHAN)) 
#OECL ((VALUE CODE) FIX 

(CHANNEL) CHANNEL) 
und$ an hnag:e·ntod<" c haracter via an output CHANNEL 

IN ( POIIHER) 
#OECL ((VALUE) ANY 

(POINTER) LOCATIVE) 
return~ 1he object pointf'd 10 by a lnrcative 

I NDEX .(OFFSET) 
#DECL ((VALUE) FIX 

(OFFSET) OFFSET) 
fetche~ the inl<'gral part of an OFFSET 

INDICATOR (ASSOCIATION) 
#OECL ((VAlU~ ) ANY 

(ASSOCIATlOH) ASOC) 
return~ the "indicator· firld of an "1..$$0Ciation 

INSERT (PNAME OBL!Sl) 
#DECL ((VALUE) ATOH 

( PNAME) <OR ATOl1 STRING> (06lIST) 06LlST) 
adds an ATOM to an OBllST 

INT-LEVEL ( "OPTlOflAL" NEW-INT-LEVEL) 
#DECL ((VALUE) FIX 

(NEW-INT-LEVEL) FIX) 
return$ and/or !>els current interrupt level 

INTERRUPT ( llAHE "TUPLE" HANDLER-ARGS) 
#DECL ((VALUE) <OR 'T '#FALSE ()> 

(NAME) <OR STRING ATOM IHEADER> (HANDLER-ARGS) TUPLE) 
cause.s. an interrupt to occur 

INTERRUPTS ( ) 
#DECL ((VALUE) OBLIST) 

returns the OBLIST on which interrupt na1nes are k~t 
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lPC-Hl\NOl 1 R (RODY TYrE OlHF.R-tlAME-1 OTHER-NAHE-Z 
"OPTION/IL" (MY-NAME-I <UNAME>) (MY-NAME-2 <JNA11E>)) 

#DECL ((Vl\LUE) 'T 
(nOllY) <OR STRTNG UVECTOR> (TYPE) FIX 
( 0 lllH<-HAMl-1 OlllF.R-NAME-Z MY-NA11E-1 MY-NAl1E-Z) STRING) 

i5 lhe huih ·i11 hn11<.lh:r for "lPC"' CITS ver~ion only) 

IPC-OrF () 
NDECl. ((Vl\1 lll.) 'I) 

s10p3> nll Ji \1t'uin~ nu thE" IPC device ( ITS version only) 

IPC-ON ( "OPl TOii/iL" (MY-Nl\HE-1 <UNAHE>) (HY-NAHE-Z (JNAHE>)) 
#OECL ( ( Vl\l l ll ) ' T 

(MY-llMIE - 1 MY - l~/\11E - ZJ STRING) 
li•tcn~ on tit<' 11'(: (.)cviC'r (l"l'S vc:rt.ion only} 

ISTORl\GE (LEllGtH "OPlTONAL" (ELEMENT #LOSE 0)) 
#OECL ((VALUE) STORAGE 

(I. l:NGTll) r IX ( CLEMCNT) ANY) 
creatc-~ a 11nn-!=:lrbn[::t>-<"nllrct('il STORAGC fro1n ilnplicit argu1nent$ (archaic) 

ISTRitlG ( LEHGTll "OPTIONAL" (ELEMENT 1\A@)) 
#DECL ((VAIUf) STRING 

(I ENGlll) FTX (ELEMENT) ANY) 
create& A cha(:t<"l<"t-~• riu~ fro111 iln1>licit argu111e11l$ 

ITEM (ASSOCIATIOfl) 
#OECL ( (VllLllE ) l\flY 

( l\SSOC II\ 1 toll) ASOC) 
return~ the .. itcan .. (iC'lcl of an a .\sociation 

!TUPLE (l.~flGlll "OPllOJll\L" (ELEMENT ILOSE O)) 
#OECL ( ( Vf\LIJE) TUPLE 

(LC:NGTll) FIX (ELEMENT) ANY) 
create~ a TUS"t F. frnu1 hu1lli ci1 .-rgu1ncnts 

IUVECTOR ( LENGrn "OPTIONl\L • (ELEMENT #LOSE 0)) 
IOECL ( (VAi.UC:) UVl:C TDR 

( I Ef1G111) rIX (C:I l:Ml:NT) ANY) 
create.!-:.; UVEC10R fron1 i111plici1 argu1nent$ 

IVECTOR ( LC:flGTll ·orT JOflAL. (C:LEMENT #LOSE 0)) 
#OECL ( ( Vl\l llk ) VF.Cl on 

(LENGTH) FIX (ELEMENT) ANY) 
create~ a VECTOR fro111 itnplicil argunteuts 

App•ndix 2 

239 



240 

JtlAME ( ) 
.fDECl ( (VALU[) SlRHlG) 

return~ 1h<- "jnh n:uur .. nf ~tot:s procC'$S 

l•? (NUMBER-I ~UMCER - 2) 

"DECI. ((VALUE) <OR 'T 'IFALSE ()> 
(llUMBf R-1 lllJHOER-l) <OR FIX FLOAT)) 

The MDL Programming Language 

reJI$ '"h<'l her rir~t :irg11111t'111 i~ Jes~ than or equal to second (predicate) 

L? ( IHIM!ll R - I llllM!lfR-2) 
#OECL ((VAi l lf:) <OJI 'T '#FALSE Cl> 

(NUMSER-1 NUMBER-2) <OR FIX FLOAT>) 
cell.$. \Yhc-1hc-,. fir.s1 Argu111C"11t is fess thau .second (predicate) 

LEGAL? (SIACK-ODJLCT) 
#OECL (( VAl. UE) <OR 'T 'HALSE ( )> 

(STACK-ODJCCT) ANY) 
tells 'vhrfht•t :1rs-11n1t"nt (,..,hi<'I• 1night Jive on the control stack) is still legal (predicate) 

LENGTH ( OllJECT) 
#OECL ((VALU( ) rrx 

(OOJfCT) STRUCTURED) 
re1urn~ th~ n11n1ht"r nf f.'"len1ent5o in a structure 

1.ENGTH? (OOJCCT MAX) 
•OECI. ((VAtUr) <OR rrx 'fFALSE ()> 

(OUJ~CT) SIRUCIURCO (MAX) FIX) 
te-11& '""h<"lllC'r IC'11g1l1 IC'f ~truc1ure is less titan or equal to a1• integer {prt'dicate) 

l INK ( EXl'R !'NAiii'. "OrlTOllllL" ( OBLIST <I . OOllST>)) 
#OECL ((VALUE EXrll) ANY 

( rtlAt1~) STRING (OBLIST) OBl.IST) 
create\ a (,,y 1uhnlic L tr-IK rn any cxprc~.s.ion fo~ REAOing 

LIST ("TUPLE" ELEHENlS) 
#DECL ( (VAllJE) 1.IST 

(CICHCNlS) TUrLE) 
create.:s. a 1.JSl front f"Xplic:it :::argu1nent5o 

1.ISTEN ( •rurLC" INFO) 
#OECL ((VAi.UC) ANY 

( !NFO) HIPLE) 
stops aod inf"''"$ us,er chat MOL il> li~1e11iug 
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LLOC (AT011 "OPTIONAL" ENV) 
'DECL ((VALUE) LOCO 

(ENV) <OR FRAME ENVIRONHENT ACTIVATION PROCESS>) 
return& a locative to rht! Joe:al-vaJue «II of an ATOf1 

LOAD (CHAllHfL "OPlIONAL" (LOOK-UP .OBLIST)) 
#DECL ((VALUE) '"DONE" 

(LOOK-UP) <OR OBLIST <LIST [REST <OR OBLIST ' DEFAULT> ] >>) 
re-ads and f"valu;itrs :all obj«ts via an input CHANNEL 

LOCATIVE? (OBJECT) 
#OECL ((VALUE) <OR 'T '#FALSE ()> 

(OBJECT) ANY) 
te-115 whether :an <>bject i5 a locative (predicate) 

LOG ( NUMDl:R) 
,DECL (( VllLUE) l"LOAT 

(NUMBER) <OR FIX FLOAT>) 
re-turns na1ural logar-ithtu of a nuinbtt (arilhtnetic) 

LOGOUT() 
'DECL ( ( Vl\LUE) '#FALSE ( ) ) 

Jogs out of the opC"ra.ting $y$tl'lll (u$eful for background prOC!.$ses) 

LOOKUP (PNllME OBLlST) 
#DECL ((VALUE) <OR llTOH '#FllLSE ()> 

(PNAME) STRING (OBLIST) OBLIST) 
returns an ATOH found on a giv<'n OBLIST 

LPARSE ("OPTION/IL" 

241 

(STRING .PARSE-STRING) (RADIX 10) (LOOK- UP .OBLIST) PARSE-TABLE LOOK-AHEAD) 
#DECL ( (VALUE) LIST 

' (STRING) STRING (RADIX) FIX (PARSE-TABLE) VECTOR (LOOK-AHE.AD) CHARACTER 
(LOOK-UP) <OR OBLIST <LIST [REST <OR 081.IST 'DEFAULT>]») 

returns a LIST of 1he objects parsed from a STRING (1tttlo11s 7.6.6.S, 15.7.2, 17.l.S) 

LSH (WORD AMOUNT) 
#OECL ((VALUE) WORD 

(WORD) <PRIMTYPE WORD> (AHOUNT) FIX) 
ahift.s bit.\ in a innc:hine \vord 

LVAL (ATOM "OPTIONAL" ENV) 
#OECL ((VALUE) ANY 

(ENV) <OR FRAME ENVIRONHENT ACTIVATION PROCESS>) 
r~turns. the local value or a.n ATOM 

Appendix 2 



242 

HAIN() 
IOECL ((VALUE) PROCESS) 

return,_ #PROCESS J (tht- tnain PROCESS) 

HANIFEST ("TUPLE" ATOHS) 
IOECL ((VALUE) 'T 

(ATOHS) <TUPLE [REST ATOH)>) 
dttlart!& the glnbal valu•s of ATc::>fU to be constant 

HANIFEST7 (ATOH) 
IOECL ((VALUC) <OR 'T 'IFALSE ()> 

(ATOH) ATOH) 
tells whe-th~r the- global valur or an ATOM is con.stant (predicate) 

HAPF (FHIAL-FCN LOOP•FCN "TUPLE" STRUCTURES) 
IOECL ((VALUE) ANY 

The MDL Progra mming Langu age 

(FlNAL-FCN) <OR APPLICABLE FALSE> (LOOP-FCN) APPLICABLE 
(STRUCTURES) <TUPLE [REST STRUCTURED)>) 

n11ap& (unction nnto ('lcn\t"Ut$ of .structures 

HAPLEAVE ("OPTIONAL" (VAL T)) 
IOECL ( 

(VAL) ANY) 
leaves tht!- n1ot1ot recen1 P.tA PF/R \Vi th a valut" 

HAPR (FTNAL·FCN LOOr-FCN "TUPLE• STRUCTURES) 
IOECL ((VAl.UE) ANY 

(FINAL•FCN) <OR APPLICABLE FALSE> (LOOP- FCN) APPLICABLE 
(STRUCTURES) <TUPLE [REST STRUCTURED)>) 

1naps f u nction onto RESTs of 6fruetures 

HAPRET ("TUPLE" ELEMENTS) 
#OECL ( 

(EL[MENTS) TUPLE) 
r~turnt. a v;t.riabJe nunthf'r of objects to tht': current MAPF/R 

HAPSTOP ("TUPLE" ELEMENTS) 
#DECL ( 

(ELEMENTS) TUPLE) 
HAPRET•. then stop• looping of MAPF/R and cau.es application 

HAX ( " TUPLE" NUMBERS) 
IOECL ((VALUE) <OR FIX FLOAT> 

(NUMBERS) <TUPLE [REST <OR FIX FLOAT>)>) 
return5' the grc:-alt'~t of its. arguntrnt.s (arithntetic) 
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HE () 
IOECI ( ( VAi ur) PROCESS) 

return!'. 11tc- c11rrc11r PROCESS 

MEMBE R ( O!l.lC:CT STRUCTURE) 
#OECL ((VALUC) <OR SlRUCTURCD ' IFALSE ( )> 

(OBJECT) /\NY (STRUCTURE) STRUCTURED) 
tell!> \Vht"lll<'r au oUj<.·~t i.s. .. .s.trueturally .. ~qual to $OIUe elc1nent of a structure (predicate) 

HEHQ ( on.11:c ·1 s 1 RllCl llRF) 
IOECL ((VALUE) <OR STRUCTURED 'IFALSE ()> 

(OIJ,lECT) ANY (STRUCTURE) STRUCTURED) 
tell.s ''"'hcthrr :\11 nhjrc.~t i~ "<"xa.<:tly .. <"qual to 501uc cle1nent of a $tructutt (predicate) 

HIN ("TUPLE" llUMBERS) 
#DECL ((VALUC) <OR FIX FLOAT> 

(IHIMIJfRS) <lllPLC [RCST <OR FIX FLOAT>]>) 
return.,_ tht" lra .. 1 nf it' arg11111('11t,s. (arith1nt-1ic) 

MOBLlSl (NAME "OPTIOllAL" (LENGTlt 13)) 
#OECI. ( ( v11111r) OOllST 

(tl/\Mt) A1011 (LENGTH) FIX) 
crt>:ttc~ or f!Cl.S ~u OOLIST 

MOO ( NllMH~ R t100111 llS) 
#DECL ((VALUE) FIX 

( llUllOER MODULUS) FIX) 
r"f'lurn~ 1u1111hcr'- tht"nt<"ti("' r('ntaindcr (fixed-point residue) (arithmetic) 

MONAD? (OBJECT) 
#OECL ((VALU E) <OR 'T 'IFALSE ( )> 

COllJCCT) ANY) 
tells whC'thrr an ("lhjrc:I it- ~ilhrr uot.trucrured or an e1npty struc1ure (p,.edicate) 

Ne•? (OO ,lCCT-1 OBJCCT-2) 
"0ECl. ((VAi Ur) <OR 'T ' IFALSE ( )> 

CORJECT-1 ORJECT - 2) /\NY) 
tell& \Vh<"lh<'r l\vo t•bjre1~ :.re NOT .. ex=tc1ly"' Pqual (predicate) 

N=? IOBJFCT-1 OttJCCl-2) 
IOECL ((VAL UE) <OR 'T ''FALSE ()> 

( OB,lECT-1 OBJECT -z) ANY) 
tells \vhcthC'r' f\\IO obj ect!> arc NOT .. .s.1ructura1Jy" equal (predicate) 

Appendix 2 

24S 



NETllCC ( CHJ\llll~L) 

ID ECL ( ( VllLUE) <OR ClllllltlE L '#FALSE ( )> 
( Cl lAtWCL) CllAIHICL) 

accept., a n<"f\VOf' I.. r.nu11ec1ion 

NETS ( Cl l/\f-114[l) 
IOECL ( (VIII ur CllAN Nf.L J CllANNEl) 

forCf'!o np('r:tting•t.)'f•olC'IH 11(!'1\YOrk-CHAUNEL buffer to b~ $C11l 

NETSTllTE ( Clll\flll[L ) 
#OECL ( ( 111\ Lll l.) <uvrcTOR FIX FIX FIX> 

c c11111mu 1 CH111mrL l 
reruruo,. ~ r:t 1<' iufnr1na1io11 for a nel\vOrlc CHANUEL 

NEWTVrr ( lffU - , vre 01 D- TYP[ "OPTIONAL. PATTERN) 
"DECL ( (V/11 llF llE1" - 1YrE ) llTOl1 

(OU>- TVr£) AlOM (PATTERN) <OR ATOM FORM>) 
dcfin<'.-. :t llC"\\' d:11a l )'p<' 

NEXT ( llSSOCil\T Jorn 
#OECL ( (VALUE) <OR llSOC '#F llLSE ( )> 

(llSSOCTllTJO") ASOC) 
refurn" 1h(" 1u"xf nhj«"<"f in tl1C" "~1.ociarion ('.hain 

The MDL Programming Language 

NEX TCllR ( "OPTIOl<AL " (C~IMWEL .INCHAN) (EOF - ROUTINE '<ERROR •• . >)) 
#OECL ((VIII Ur) <Oii CllARACTER FIX> 

( Clll\Nllf L) Clll\Nrff l ( FOF -ROUTINE) ANY) 
r<>turn ~ 1h«- <'h:traclC'r th:tf \Yill ncx1 b~ read via an inpu1 CHANNEL 

NOT < on,1rcr) 
"0ECL C(V1'11JI') <OR 'T '#F iii.SE ()> 

(Oll,l ECT) <OR FllLSE llNY)) 
eontputr_,. ln~ical '"nn1 '" of a trulh·v~tuc 

NTH (S1RllC1UMIO " OVTIO"llL" N) 
IDECL ( (VALUE) llN Y 

( N) <OR r1x OfFSET>) 
ftolche" th<" N1h <-l<"'n1rn 1 nf a .5otruc1urt' 

OBLIST? (/\TOM) 

"OECL (( VAiii() <OR ORllSl '#FALSE ()> 
(111011) /\T011) 

rerurn .s. au A10M"\ OBLIST or (nlse if 11011 (' (pftdicate) 
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OFF ( INlTRRUrT "OrTJOtlAL" WllICll) 
IDECL ((Viii Ur) <OR llANlll.ER IllCAO(R 'lfALSE ( )> 

(JUl(RRllPI) <OR HllNOLER IHE/\DER STRIUG ATOM> (llHICH) <OR CHANNEL LOCATIVE>) 
ren'IOVC\ an it'1C'rr11pt 11/\NOI ER or de~iroy" an interrupt 

OFFSET (N rA111RN) 
fDECI. (( V/11 .UE J or rs ET 

(f~) FIX crAlTERN) <OR ATOM FORM>) 
cr<"at<".S :\U i11tc-~<"r '"'i th :.tt~chcd type: tl('clara1ion 

ON (NAME 11rrL1Cll&LE rRIORITY "OPTIONAL. (PROCESS 0) llHICH) 
,DECL ((VALUE) llAllD LER 

(rJ/\Ml:l <OH STRJIJG ATOM> (APPLICABLE) APPLICABLE (PRIORITY) FIX 
( rrtoCLSS) <OR FI x PROCESS> (llllICl l ) <OR CHANNEL LOCATIVE>) 

turn~ 011 ;tn in1crru1-.t :\lld c.rral('S :tn in1err11pl H/\HOLER 

orEN ( "01'1101·1/\I" (1'100[ "R(AO") "TUPLE" FILC:-NAME) 
#DECL ( ( VAi UL) <OR CllANNl;L <FALSE STRIHG STRING FIX» 

(MOCIE) STRlllG (FILE- U/IME) TUPLE) 
cre~tC$ ancl nprn' ::tll 1/0 CllANNEL 

OPEN-NR ("01'110U/IL" (MOI>E "RE/ID") "HIPLE" FILE-NAME) 
#DECl ( (VALi.i() <OR CllllfiUEL <FALSE STRING STRING FIX» 

(11011() STRWG (rJLE-tlAME) TUPlE) 
ere-ate . ., ;tud nprn~ :.n 1/0 Clll\NNCL \vithriut changing (ilc•$ reference dat~ 

OR ("ARCS" /lllGS) 
#DECL ((VIII.UC) <OR rAt.SE ANY> 

( ARGS) LIST) 
cotnpult'\ Jo~ic:'\I inclu.\ive .. nr .. of trulh·values. evaluat~ by the Subroutine 

OR? ("TUPI r.· r11r1 C) 
#DECL ( (VIII UI') <OR f /\LSE ANY> 

< rurLE > rurLE J 
con1p11tC'.~ lni;:i<"al i11<"h1\i\.·c .. or .. of truth·"·alue). C\·ah13tt"d at c.a.U til"f! 

ORB ("TUPLE" WORDS) 
#DECL ((VALUE) WORD 

(WORDS) <TUPlE lRCST <PRll1lYPE WORO>)>) 
co1npute~ hit \Yi'E' in<"lt1._l,~t" ··nr" or 111achinc word~ 

OVERFlOW ( "OPTIOHAL • SWJTCH) 
#DECl (( VAL11r.) <OR 'T 'I FALSE ( )> 

(SllJTCll) <OR ANY FALSE>) 
enabJe.s or di~:'ihlP.s O\'erflov1 error (arithntttic) 
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PARSE ( "OPTIOll/IL" 
(SlR!tlC .rARSE-STRrnG ) (RllDIX 10) (LOOK-UP .OBLIST) PARSE-TABLE LOOK - AHEAD) 

"DECL ( (VIII II() ANY 
( S 1R11W) SHU NG ( RllOTX) FI X (PARSE-TABLE) VECTOR (LOOK-AHEAD) CHARACTER 
(LOOK - UP) <OR OOLIST <LIST [REST <OR OBLIST 'DEFAULT>)>>) 

parst>h a SlRJUG i111n an obj("'('t (~eel ion~ 7.6.6.2. 15.7.2. 17.J.3) 

PCODE ( IU1H~ OHS~ 1 ) 
~DECL ((VALUE) rcooE 

(11Af1F) sinrnc (OFFSET) FIX) 
crt-a1c~ pni111rr 1n pure- RSURR coctc 

PNAME (A TOM) 
NOECI. ( (VAi II() STRING 

(I\ 1 OM) AIOM) 
rerurn.$ 1 ht• pri111-11:t11t(I' t"f ;\O Al OM ,a 5 a dis1 inct copy 

PRIHTYrE (OBJ(Cl) 
60ECL ( ( VAi Ill") AlOM 

(OBJECl) ANY) 
rt"turn~ rl1c ..,,rhnil i,·c ti,,,,.. typ<" of an 0Ujec1 

PRIMTYPt-c ( 1vrt) 
,POECL ((VALUE) PRJl1TYPE -C 

( TYPC) ATOM) 
g<"I:. A .. ,_tor:t!!<" alln~a1 in11 ~n(l('

00 

for;\ dala type 

PRINI (OO,lC:CT "OPTJOU/1L" ( CHANNEL .OUTCHAN)) 
IDECL ((VAllJE OBJECT) ANY 

( <'.llANlffl ) CllANNf L) 
printh an nhjc.•cc , · ia an \lt1lpu1 CU/\NNEL 

PRINC ( OU,lECT "OPTIONAL" ( CllAtHICL .OUTCHAN)) 
omECL ( ( VAi llF or..irc1) AtlY 

( C llA>HI( L) <'.llAIHll.L ) 
prinl~ an 1;thj<",~1 vi:t :.11 nu 11:>n l CHANUEL \Vilhout STRING or CHARACTER brackets or ATOH trailers 

PR! Nl (01\.lf!:l "Orl 1011111." (CHANNEL .OUTCllAN)) 
IOECL ( (V/\l.UE OBJECT) /lllY 

( CHAIWEL) Clll\llllEL) 
p rint$ au objrct via an output CllANNEL between ncw.Jinc and ~pace 
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PRINTB (BUFFC R CllANNEL) 
#DECL ( (VALU E BUFFER) «OR UVECTOR STORAGE> [REST <PRIIHYPE WORD>]> 

( CHAIHIEL ) CH/\llNEL) 
writes tiinary i11ror1uacion via ·an ou1pu1 CHANNEL 

PRINTSTR!NG (BUFFER "OPTION/IL" (CHANNEL .OUTCHAN) (COUNT <LENGTH .BUFFER>)) 
#DECL ((VALUE COUNT) FIX 

(BUFFER) STl\ING ( CHANllEL) CHANNEL) 
w·rites contents of a STRING via an output CHANNEL 

PRINT TYPE (TY PE "OPTION/IL" HOii) 
IDECL ((VALUC) <OR ATOM APPLICAB LE '#FALSE()> 

(TYl>E ) /\TOH (11011) <OR ATOM APPLICABLE>) 
specifie.s or retu r ns hO\'/ a dala type i5 printed 

PROCESS (STARTUP) 
#OECL ((VAIUE) PROCESS 

(STARTUP) APPLICABLE) 
creat~s a. nc:-\v PROCESS \Vith given .startup function 

PROG ("/\RGS" ARGS) 
#DECL ((VALUE) ANY 

(ARGS) <LIST [OPT ATOM] LIST [OPT DECL] ANY>) 
~xecutcs SCc'JUt"nt i;al <'Xprcssions 

PURIFY ( ··TurLE" TUPLE) 
#DECL ((VALUE) ANY 

( TllPLI: ) TUPLE) 
purifie,,. objects fC"tr ,s,haring by different op~rating-syste1n proce.s.se.s 

PUT (ITEM HI OI CATOR "OPTIONAL" VAL) 
#OECL (( VALUF.) /\NY 

( ITEM) <OR STRUCTURED ANY> (INDICATOR) <OR FIX OFFSET ANY> (VAL) ANY) 
5tor~s into s1ruc1ure or doe~ PUTPROP 

PUT-DEC L (IOF.NTIFIER PATTERN) 
#DECL ((VA LUE I DENTIFIER) <OR LOCO OFFSET> 

(PATTERll) <OR ATOM FORl't>) 
changt"s rhc type declaration for an ATOM's value or an OFFSET 

PUTBITS ( TO FIELD "OPTIONAL" (FROM 0)) 
*DECL ((VALUE) <PRIMTYPE WORD> 

(TO FROM) <PRIHTYPE WORD> (FIELD) BITS) 
sets a bit field in :. 1uachine word 
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PUTPROP (ITEH INDICATOR "OPTIONAL" VAL) 
IDECL ((VALUE) ANY 

(ITEH INDICATOR VAL) ANY) 
(di.s)a.ssociate$ a. value with an itena un~r an indicator 

PUTREST (llE/\D TAIL) 
#DECL ((VALUE HE/ID) <PRIHTYPE LIST> 

(T/\IL) <PRIHTYPE LIST>) 
repJacc.s the re.st of a Ji~• 

QUIT() 
IDECL ((V/\LUE) 'IFALSE ()) 

cxir.s front "' OL gracefully 

QUITTER (WAS-TYPED CH/\NNEL) 
IDECL ((VALUE WAS-TYPED) CHARACTER 

(CHANNEL) CllANNEL) 
i.s the intt"rrupt hantilc:r (o.r -S and -s · quit feature5 

QUOTE ("ARGS" ARGS) 
IDECL ((VALUE) ANY 

(ARGS) LIST) 
returns th e fir$' ~rgurnent un~valuatcd 

RANDOii ( "OPTIOllAL • SEED- 1 SEED-Z) 
#DECL ((VALUE) FIX 

(SEED-I SEED-Z) FIX) 
generate-.s a unlfor1n pM"udo-rando1u integer- (arithmetic) 

READ ("OPTION/II. " 

The MDL Programming Language 

(CH/\lltlEl . INCHAN) (EOF-ROUTINE '<ERROR •.. >) (LOOK-UP .OBLIST) READ-TABLE) 
IDECL ((VALUE) ANY 

(CllAIHll:L) CHANNEL (EDF-ROUTINE) ANY (READ-TABLE) VECTOR 
(LOQ>(-UP) <OR OBLIST <LIST [REST <OR OBLIST 'DEFAULT>]>>) 

reads one ob jeer via an input CHANNEL (S<'clions II.I.I.I. 11.3. 15.7.I, 17.J.3) 

REA DB ( 6llrF[R CllAtlllEL "OPTIONAL• (EDF-ROUTINE '<ERROR ... >)) 
IDECL ((VALUE) FIX 

(BUFFER) <<OR UVECTOR STORAGE> (REST <PRIHTYPE WORD>]> 
( CltAllNEL) CllANNEL (EDF-ROUTINE) ANY) 

reads binary infnrnt;ation via an input CHANNEL 
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READCHR ("OPTIONAL" (CHANNEL • INCllAN) (EOF-ROUTINE '<ERROR ..• >)) 
#DECL ((VALUE) <OR CHARACTER FIX> 

( CllAllUEL) CHANNEL ( EOF-ROUTINE) ANY) 
rt.>.;ids one charact<'r via an input CHAt4NEL 

READSTRING (BUFFER "OPTIONAL" (CHANNEL .INCHAN) (STOP <LENGTH .BUFFER>) 
(EOF-ROUTINE ' <ERROR ••. ))) 

#OECL ((VALUE) FIX 

249 

(BUFFER) STRING (CHANNEL) CHANNEL (STOP) <OR FIX STRING> (EOF- ROUTINE} ANY) . 
rt.>ad5 illtn a STRING v i a an input CHANNEL 

REAL TIHER ( "OPTIOHAL • INTERVAt.) 
#OECL ((VALUE) <OR FIX FLOAT 'IFALSE ()) 

(INTERVAL) <OR FIX FLOAT>) 
ff't& or fctchc-s interval for rcal·tiane interrupt& (ITS ver5ioo only) 

REHOVE (PNAME "OPTIONAL" OBLIST) 
#OECL ((VALUE) <OR ATOM '#FALSE ()) 

(rNAME) <OR ATOM STRING> (DBLIST) OBLIST) 
reanove.$ :tn ATOM f"l'nn• an 06LIST 

RENAME ("TUPLE" FILE- llAHE/S) 
#DECL ((VALUE) <OR 'T <FALSE STRING FIX>> 

(FILE - HAl1E/S) <TUPLE <OR STRING CHANNEL))) 
rt.>nantt."$ or delete~ a disk file 

REP() 
#DECL ((VALUE) ANY) 

i& the buill-in funclion for READ-EVAL·PRINT 1-p 

REPEAT ("ARGS• ARG5) 
#OECL ((VALUE) ANY 

(ARGS) <LIST (OPT ATOM] LIST (OPT OECL] ANY>) 
executes sequential expressions. ttpeatcdly 

RESET (CHANNEL) 
#OECL ((VALUE) <OR CHAllNEL <FALSE STRING STRING FIX» 

(CllANHC:L) CHANNEL) 
re-opens an 1/0 CHANNEL .at its beginning 

REST (STRUCTURED "OPTIONAL" (N I)) 
#OECL ((VALUE) STRUCTURED 

(N) FIX) 
rentoves. the fir6t N elE"111e11ts front a structure and changes to primitive data type 
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RESTORE ("OPTIONAL" NAl1E-l NAl1E-Z NAl1E-3 NA11E-4) 
IDECL ((VALUE) ' " RESTORED" 

(PlAHE-1 NAHE-Z NAHE- 3 NA11E- 4) STRING) 
restore.s J\1 DL"s state front a ri.I«-

RESUl1E (VAL " OPTJONAL" (PROCESS <RESUllER>)) 
IDECL ((VALUE) ANY 

(VAL) ANY (PROCESS) PROCESS) 
tr ansfcr.s CXC"culinn to anothc-r PROCESS 

RESUMER ( "OPTIOllAL • (PROCESS <HE>)) 
IDECL ((VALUE) <OR PROCESS '#FALSE ()> 

(PROCESS) PROCESS) 
returns the PROCESS t hat last re$umf'd the given PROCESS 

RETRY ("OPTIOPIAL" FRAPIE) 
#DECL ( 

(FRA11E) FRAHE) 
retries a 1>rc\.· iou,. Subroutine call. U$uaJly frotn the error level 

The MDL Programming Language 

RETURN ( "OPTJOllJ\L" (VJ\L T) (ACTIVATION .LPROG\ !-INTERRUPTS)) 
#DECL ((VALUE) ANY 

(VAL) ANY (ACTIVATION) ACTIVATION) 
leaves a PROG/REPEAT with a v alue 

RGLOC (ATOM "OPTIONAL" (HAKE-SLOT <>)) 
#DECL ((VALUE) LOCR 

(A TOH) A TOH (HAKE- SLOT) <OR FALSE ANY>) 
returns a Joc.ati\'f!' to th• globaf .. value- cell or an ATOM for pure-program use 

ROOT() 
#DECL ((VALUE) OBLIST) 

returus the" OBLJST eC\ntaining na1nes of prhnitives 

ROT (WORD AMOUNT) 
#OECL ((VALUE) WORO 

(WORD) <PR111TYPE WORD> (Al10UNT) FIX) 
rotates bit41 in a 111achine word 

RSUBR (CANDIDATE) 
IDECL ((VALUE) RSUBR 

(CANDIDATE) <VECTOR <OR CODE PCODE> ATOH DECL [REST ANY]>) 
c reates an RSU8R 
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RSUBR-ENlRY (Cl\NOIOl\TE OFFSET) 
IDECL ((VALUE) RSUBR-ENTRY 

(CANDIOATE) <V(CTOR <OR ATOM RSUBR> ATOM DECL> (OFFSET) FIX) 
;add~ ;\U entry poinl IO a.u R$URR 

RSUBR-LINK ("OrTIONAL" SWITCH) 
IDECL ((VAi llr) <OR 'T '#FALSE ( )> 

(SWl T('.11) <OR fl\lSE ANY>) 
enable~ (."fr di._;,bl<•"> 1lie aull')11ta1ic RSUBR linking feature 

RUNJNT ("TllP l l'. " llWIE) 
#DECL ( ( VALU~) l\NY 

(TUPLE) TUPLE) 
applies i111C"rr11p1 handlt't (fnr i1Ht'tna1 use only) 

RUNTIMER ("OPTIONAL" INlERVl\L) 
#OECL ((VALUE) <OR FIX FLOAT '#FALSE()) 

(INTERVAL) <OR FlX FLOAT>) 
.ser.s or fetchr . .-. il11rr\·!ll ror run·thne interrupt (JTS version only) 

SAVE ("TUPLE" FILE-llAHE-/\ND-GC?) 
IDECL ((V/\I U[) '"Sl\VEO" 

(Flll:-IMM~-ANO-GC?) <TUPLE [OPT STRING] [OPT STRING) 

251 

[OPT STRING] [OPT STRING] (OPT <OR FALSE ANY>]>) 
w ritc5' th<" entire -,.t<l1l' ''' ~tDL to a file 

SEND ( 01 llER - 11/\111:- I Olllr:R - N/\HE - 7. BODY 
"OPTlOll/\L" (lYPE O) (HY•N/\ME·I <UNAME>) (MY- NAME - 2 <JNAME>)) 

#DECL ( (VAL(IE) <OR 'T '/FALSE ()> 
(OTllrR-tMMf-1 OTllER-NAME-2 MY - NAME - I MY- NAME - 2) STRING (TYPE) FIX 
(llOl)Y) <OR SlRING STORAGE <UVECTOR (REST <PRillTYPE WORD>)») 

.send.s an J PC lllC'$S:l~e ( J1"S \' t'r~ion nnly) 

SEND-WAJ T (01111 R-tJAMr-1 OlllCR-NAMC - 2 BODY 
•or1 IOl~Al. (TYPE 0) (llY-N/\ME-1 <UNAME>l (HY-NAHE-2 <JNAllE>)) 

IDECL ((VALUE) 'T 
(Olll~R-IMHE-1 OTllER•NAHE-Z MY-NAHE-1 llY-NAME- 2) STRING (TYPE) FIX 
(BOUY) <OR srnrnG S TORAGE <UVECTOR [REST <PRlHTYPE WORD>)») 

send~ an I PC n1(".-. .. :tge :i11d \\'ai1$ fnr ic 10 be received (JTS ver,ion only) 

SET (ATOM LVAL "OrTJONAL • ENV) 
#DECL ((VAIUF LVAI. ) ANY 

(A TOM) J\ 1011 ( ENV) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>) 
chang('$ th<' lo~al \'al11C' of an ATOM 
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SETG (ATOM f.V/\L) 
"0ECL ( ( V/\111~ GV/\1.) /\NY 

(I\ TOM ) I\ TOM) 
change-.. the ~ln\Jal v:..hl<' of ;111 ATOM 

SETLOC (PO!NlfR OBJECT) 
fOECL ((Vl\LUE OBJECT) /\NY 

( r>ornTF.R) LOCl\TlVE) 
chang<'~ Th<' C"on1c-n1.s point<'d to by a locative 

SIN ( flUMBER) 
#OECL ((Vl\IUE) rLOAT 

cr1111111rR ) <OR rIX FLOAT>) 
return.\ sin<" of :i 11111 nh<'r (arilhnt<'lic) 

SLEEP (<OR rxx rLOAT> "OPTlONAL" (UNllANG <>)) 
•DECL ((Vl\I U~) /\HY 

( UNHl\llG) /\NY) 
dOC$ n()thiug. iln<'rruptihly. lh<' given 1n1111ber of .seconds 

SflAM I! ( "01'1 JOlll\I. " OIRFC TORY) 
IOECI. ( (Vl\LUE DIRECTORY) STRING) 

.\Ct.\ or r<"lur11 ... tl1C' Uir('c.tnry na1ur Uied by default for new 1/0 CHANNEL.s 

SORT (l'Rro KfY-S IRUC "01'11011/\L .. (RECORD - LENGTH I) (KEY-OFFSET 0) 
"TUPLE" OTHER-STRUCS-1\110-RECORO - LENGTHS) 

~DECL ((Vl\LUC KCY-STRUC) <OR <PRJMTYPE VECTOR> <PRIMTYPE TUPLE> <PRIMTYPE UVECTOR>> 
( l'RCLJ) <OR rALSE l\PPLICAULO (R[CORO-LENGTH KEY-OFFSET) FI X 

( 0 1111, R-S I RllCS-1\Hll-RECORO-LEllGTHS) 
<TUPLE lREST <OR <PR!MTYPE VECTOR> <PRlt1TYPE TUPLE> <PRIMTYPE UVECTOR» FIX]>) 

.sort~ clc1nC'ttl$ ,,, A ~tructur(' and tC'arranges other .5lructure.5 

SPECil\L-Cll(CK ("OPT 10111\1. " SWITCH) 
#OECL ((Vl\LU E ) <OR 'T 'IFl\LSE ()> 

( SWJTC ll) <OR /\NY r ALSE >) 
turo.s i111rrpr<-t<'r' .. f'C"<'i:ll·Ch<'<"king on or off 

SPEClAL-llOOE ( "OPTIONl\L" SWITCH) 
1'DECL ((V/\LUr.) <OR •srcCJAL 'UNSPECIAL> 

(SWITCll) <OR 'SPEOAL 'UNSPECIAL)) 
.5-el$ .$pec.i:il 1y dl"clnrati<"n us.et.I by default 
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SPN/\ME (I\ TOM) 
#OECL ((VALUE) STRlNG 

(/\10M) Al~OM) 

return~ the priut-11:.1n<' of an ATOH by sharing it 

SQRT (t'l!MIJ(R) 
#OECL. ( ( VAi IJ( ) FLOAT 

(llUMlll It) <OR HX FLOAT)) 
r("turll ) ~'luare roo1 of 3 1uu11bt-r (ari1hn1e-lic) 

SQUOTA csn11101) 
IDECL ((V/\LlJf) <OR HX "ff/\LSE ( )> 

(SYMBOL) (PRlMTYPE WORD)) 
g<'t~ rftc ~ddr<''" of :.11 i111~rnal int<'rpret<'r $y1nbol (for i nternal use only) 

STACKFORM ("/\R~S" /\RGS) 
#OECL ( C V/\LUE) AllY 

( /\RGS) I.IS T) 
applies :1 f1111 c:1ion rn .s.1:.c'-.<"d argu1n~111s (archaic) 

STATE (PROCESS) 
#OECL ((V/\LUE) ATOM 

(PllOCESS) PROCFSS) 
return.s a PROCESS's curren1 s1:11e 

STRCOMP (SlRllJ G-1 STRING-2) 
#OECL ((VllllJI) <OR 'I 'O ' - I> 

(STRIIJG- 1 STRING-2) <OR ATOM STRING>) 
con11>nrr"' f\\to c-IHu a<"tcr-~lring~ or l\l/O print-nauies 

STRillG ("l LIPlk" EIFMENIS) 
#OECL ((VllLUE) STRING 

C ELEllCllTS) <TUPLE (REST <OR STRING CHARACTER>)>) 
creaf<'~ ~ t"hnra("'tC"r·.,triug rro1n t'Xplicil argunu~nts 

STRUCTURE D? (OBJECT) 
#OECL ( (VlllUt) <OR 'T "~FALSE ( )> 

( Ofl.lFCl J /\tlY) 
tells. \Vhetht•r .... ohje~t i.\ $lruclured (pr~dic.ate) 

SUBSTITUT[ (N[IJ OlO) 
#OECL ( ( V/\l llF. 01 0) ANY 

( llEIJ) llllY) 
$Ub~1i1111r .. one object for ~nolht"r in lhe enlire address. space 
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SUBSTRUC (rRoM "Of'TJONAL" (RCST 0) (AMOUNT<- <LENGTH .OBJECT> . REST>) TO) 
"OECL ( (V/11 llL 10) <OR I IST VECTOR UVECTOR STRING BYTES> 

(FROM) <OR <PRIMTYPE LIST> < PRillTYPE VECTOR> <PRIHTYPE TUPLE> 
<PRIMTYl'E UVECTOR> <PRIMTYPE STRING> <PRIMTYPE BYTES>> 

(REST AMOUNT) r1x1 
copies (p:trt of) a :.truC'ttirt> i1110 another 

SUICIDE (VAL "Of'TJONAL" (PROCESS <RESUMER>)) 
"0ECL ((VAi Ur) ANY 

(VAL) ANY ( PROClSS ) PROCESS) 
cause~ 'he- (~11rr<"11t PROCESS to tlie aud re.!un1e-' another 

TAG (LAIJLL) 
#OECL ((VALUf ) TAG 

(LAOEt.) AlOM) 
crcal('3> a T/\G for 11.s<" by CO 

TERPRI ( "OPTJOJIAL • ( CU/lt114EL .OUTCHl\N)) 
#OECL ((VALUE) ' NFALSE () 

( CltArmrL) ClfANN[L) 
prints a c:iirriag<'·rPr11r11 :tnd Jiue-ft"~d via an output CHANNEL 

TIME ("lUl'LE " [GHOREO) 
•D ECI. ( (VA LUr ) r lOAT 

( I GNORfO) TUPLE ) 
recurn.s lht" <:l~p~<'U cxecu1ion ti1ne in .second.s: 

TOP (SlRUCTURF) 

,IOECL ( (V/ILUt) <OR V~ClOH lUPLE UVEClOR STORAGE STR!NG BYTES TEMPLATE> 
(STRUCTURE ) <OR <PRIMlYPE VECTOR> <PRIMTYPE TUPLE> 

(PRIJ1TYl'E UVECTOR> <PRIMTYPE STORAGE> 
<PRJMTYPE STRING> <PRIHTYPE BYTES> <PRlMTYPE TEMPLATE») 

replace~ :tll eJ<>1nt'11l.'\ re111n\•c;-d fro1n a non-lisc structure by RESTJng ;and changes to primitive d.:ata 
'YI>~ 

TTYECllO ( CflANllF.L SWJ I CH) 
'DECL ( (VALUE Clf/\NllH) CH/INNEL 

(SWITClt) <OR FALSE ANY>) 
turns C'<'hnin{: (of ('1t.1rnctrr.s typt"d on a tcrn1inal} on or off 

TUPLE ( "lUPLE" ElfMEIHS) 
~OECL ((VALUC) TUPLE 

( c Ln1r.1ns) TUPL[) 
creat~3o a lllPLE fro111 t'XllJicit argunu.•nt& 
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TYl ( "0Pl IOIUIL" CHllllNEL) 
#OECL ( (VALUC) CllARACTER 

( Clll\Ntl[L) CllANNEL) 
inpu1.s a Clll\IU\CTER front a 1er1ni11al hn111edlately 

TYPE ( OB,lf.CT) 
#OECL ((VALU E ) AlOM 

(OBJEC1) AliY) 
retu .. n$- llt<' <lotla type- <.,fan object 

TYPE -C (lYPF "OPllOtlAL" PRlllTYPE) 
#OECL ((VALUE) lYrE -C 

( rYPE PRitlTYPE) ATOtl) 
1nakcs a rl:tt:i. 1yp<' {':ode for 1>11n:~·progra1n use 

TYPE - W (1YPE "OPTIONAL" PRIMTYPE RIGHT-HALF) 
#OECL ((VALUC) TYPE-W 

( TYl•r l'RH1TYP() ATOtl (RIGllT-HALF) <PRIHTYPE WORD>) 
1nake.'\. :t cl;t1n·1yp~ 111;tcltiot- \Vord for purt-·progra1n u&e 

TYPE? (OBJECT "TUl'LE" TYPES) 
#OECL ((VAUIF) <OR ATOM '#FALSE()> 

(OBJ£Cl) l\NY (TYPES) <TUPLE ATOM (REST ATOtlJ>) 
tell$- \Yh('th<"r :i11 olijC'c.t'!i> tlat3 type is one of the given types (predlca.te) 

TYPEPIUM (TYPC) 
#OECL ((V/\LIJE) /11011 

(TYrE) ATOM) 
return~ a da1a type·~ prhuitivf" type 

UN/\ME ( ) 
#OECL ((VllLUE) STRTllG) 

return!> 1 hC' "u~rr na•nC' .. of ~t l>L's process 

UNASSIGN (/\TOii "OPTIONAL" ENV) 
#OECL ((VALUE ATOM) l\TOl1 

( [llV) <OR rRllMC CNVIRONM(NT ACTIVATION PROCESS>) 
cau~e~ an /\10M In h;a.\"e nn IC'lc;il value 

UNMANirEST ("TUPLE " ATOMS) 
IOECL ( (VllLUC l 'T 

(11101-!S) <TUPLE (REST ATOM))) 
dt"clare.~ lhP glnbal v<tlu~~ of ATOM.s. not to be constant.s 
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UNP/IRSE (Ofl,lF.CT "OrfJONAL" RADIX) 
'0ECL ((V/ILUE) SlRJNG 

(OOJECT) /\NY (R/IOJX) FIX) 
c rcat("$. a STRJrJC rcpf'<"~<'Utali<'n of an obj~ct 

UNWIND ('NORM/IL 'CLE/IN- UP) 
#DECL ((V/ILUE) ANY 

(IJOflM/IL CLEAN - Ur) ANY) 
.s.pecifie~ c-lt>:1ni1tg•t1p tJau·ing nnn·local re1urn 

UTYPE CUVCCTOR) 
*OECL ( ( Vld 11r) f11011 

( llV•.Cl 010 <PR HI 1 YPE UVECTOR>) 
return~ thC' clar:i rypf' nf all cJe111en1s or a uniforu1 vector 

UVECTOR ("TUPI E" [LEll(NlS) 
IDECL ((VllLUf) UVEClOR 

(ELEMENTS) TUPLE) 
create~ a UVCCTOR front explicit arguuient' 

VAL.ID· TYPE 7 (TYPE) 
#DECL ((V/ILUEJ <OR TYPE-C '#FALSE ()> 

( TYrr) ATOM) 
tell.s \\lht>tht-r no l\lOM f, thr na ane of a type (predicate) 

VALRE T C 11(SSAGE) 
#DECL ((VIII U[) 'frALSC () 

(M&SSllGt) (OR STRING FIX>) 
pa.S$e'!> a 1ue,,a~e r<' 1he ~uperior opE>r.ati11g -~ys1ent p rocess 

VALUE (AlOM "OPllOllAL" EUV) 
#DECL ((VJILUF.) JINY 

T he MDL Programming Language 

(/\TOM) ATOM (ENV) <OR FRAME ENVIRONMENT ACTIVATION PROCESS>) 
return~ 1hc Jn('nl nr <'ls.c- 1hc global v;iil ue of an. ATOH 

VECTOR ("TUP l E" FLEMtUTS) 
IDECL ((VA LUE) VECTOR 

(CLCMC llTS) TUPLE) 
create.s a Vf ClO•~ frn111 <'Xplicit a r gutn<"nts 

XJNAME () 
#OECL ((VALUE) STRING) 

re turn.s rhe .. inCPnclrc1 job 11a111e" of t.tOL'.s proc.r.s.s 

Appendl>C 2 
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XORB ( "TUf'LE " WORC>S) 
jf[)ECL ( (VALUE) WORD 

(WOROS) <TUPI E [REST <PRJMTYPE WORD>)>) 
co1npt1l<"~ hi1 \vi .. e exclu~i~·e .. or .. of 111achine words 

XUNAME ( ) 
#OECL ((VAL UE) STRJNG) 

return~ th<" "i111eud<·d u~t"r n:unc· of MOL·~ p r<>ces$ 

Appendix 2 
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Appendix 3 . Predefined Types 

On 1h<""<' ''''" p:.f:('' i'- :a IOlhh.• ~hn\ving C'ach of MDL's pre-defined TYPEs. its pri,nitive type If 
differvnt. 0.1111 \ ' :\1- it111 .. (la!:$: S for STRUCTURED. E for EVALTYPE not QUOTE. and A for APPLICABLE. 

X 111('an!> 11':.t :\U nbj("rl of that TYrE c:tnuot be CHTYPEd to and hence cannot be READ in (if 
a11e11tJ>l('d. :.. C/\tl 0 T-CllT't'P(-JNTO ('rrnr is. u~ual). 

B 1nc:ln ~ tlia l :tn nhjt.'CI nf 1hat TYPE c.-nool t,e READ in (if a1te1npted, a STORAGE-TYPES- DIFFER 
err-or i~ U'-u nl). 1h~1 in.,t('ad ii i$ bui11 by th(' interpreter or CHTYPEd to by a progra1n. and that its 
PRINT<'tl "''prr,rnlntiou 1H::\kC'~ it looJ.t as 1hough its TYPEPRIH were different. 

% 1n<"aU$ 1h.-1 :\11 9hjc.·ct of 1hat TYPE i$ PRINTrd U!.ing %. no1atio11 and can be READ in only that way. 

TYPE TYPE PRIH S E A cou1111eu15 

ACTlV/ll!Oll F R/lllF x 
/\SOC B sic: only one- S 

ATOM 
BITS WORO 
BYTES s 
CHANNEL VECTOR s x 
CllARACTER WORO 
CLOSURE UST s A 
CODE UVFClOR s 
DECL LIST s 
DISMISS ATOM can be relurned by in1errupt handler 
ENVIRONHLIJl I RAllE B 
FALSE LIS 1 s 
FIX \.IORO /I 
FLOAT WOllD 
FORM LISl S E 
FR/IME B 
FSUBR WOllD A x 
FUNCTION LlST s A 
HllNDLFR VECTOR s x 
!HEADER VECTOR s x .. intcrrup1 header . 
ILLEGAL WORD x Carbage collector 1oay pu1 Lhi5 on non.LEGAL 1 object. 

tNTCRNAl. IIHCRNAL·TYPE x ~hould not be seen by progra1ns 

LINK ATOM x for ter1ui11a1 $hOrthand 

LIST S E 
LOCA B Jocative lO TUPLE 

Appendix 3 
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LOCAS 
LOC6 
LOCO 
LOCL 
LOCR 
LOCS 
LOCT 
LOCU 
LOCV 
LOSE WORD 
Hl\CRO l I 5 1 
06LIST UVEC TOR 
OFFSET OFFSET 
PCOOE WOllO 
P RIMTYPE -C WOH i! 
PROCESS 
QUICK- ENTRY VCCTOR 

QUICK-RSllHR VECl OR 
REAOI\ F Rl\llE 
RSUBR VECTOR 
RSUl!R•&NTRY VF ClOR 
SEGMEIH LIST 
SPLICE LIST 
STORAGE 
STRING 
SU6R WORD 
TAG VECTOR 
TEMPLATE 
TIME WOHO 
TUP LE 
TYPl:-C WORD 
TYPE-W WORO 

0 UNBOUIW WORD 
UVECTOR 
VECTOR 
WORD 

8 
6 
r. 
n 
r. 
n 
6 
8 
B 

locativf' ro ASOC 
loc~tive to BYTES 
loc;\tive 10 C/LVAL 
locative to LIST 
loca1 ive to GVAL in pure progra1u 
locative to STRING 
loc;.live 10 TEMPLATE 
local ive to UVECTOR 
locative 10 VECTOR 
a place holder 

S A 
s x 

A r. 
r. "'pur·e codr"' 
~ .. prhntype code"' 

B 
S A X an RSUSR .. ENtRY that has been QCALt.ed and RSUBR-

LJNKed 
S A %/8 au RSUBR that has been QCALled and RSU8R-LINKed 

X in eof ,.lot during recursive READ via R€AD-TABL..E 
S A '1./8 if codC' vector is purc/itupurc. re.spc-ctivcly 
S A lC 
S E 
S for returning 111any things via READ-TABLE 
S If pos.lble. use FREEZE SUBR Instead. 
s 

A X 
S X for non·lou.I GOs 
S 6 The i111crprC'tcr itself can't build one. See Lebling (1979). 

used internally to identify FRAHEs 
S 8 vector on lh~ control .s.tack 

lC "type code" 
X "'type word• 
X valu~ of unas-signed but bound ATOH. as seen by 1oc.atives 

S E "'uniforn1 vector• 
S E 

Appendix 3 
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Appendix 4. Error Messages 

Thi.\ i" a li~f nf alJ <-rror-na111ing ATOM.ti initially in the ERRORS OBLIST . in the left .. hand column. 
and aprrnprincr c>x'1n1pJrr. or elucida1ion$, where necesl>ary. in the right-han.d column. 

ACCESS · F II 1 LllR~ 

ALREAOV·l!F r J fl(O•ERRE T •NON-fALSE· TO·REOEFINE 
APPLV•OR·$Tl\CKrORM ·OF·FSUBR 

l\RG•WRONC:-TYPE 
ARGUM ( NT -ou r -or-RANGE 

ATOM·llLREl\OV·TllERE 

ATOM·llOT · rvrr-UAMC·OR-SrCCIAL·SVHBOL 
ATOM•OU-01Fl~Rflll·OBLIS1 

ATTEMPf·TO·RRcllK·OWN·SEQUENCE 
ATTEMPT· TO· ClllltlCE ·MAIHFES T ·VARIASLE 
ATTEMPT· TO·CLOSr.-1 TV •CllAllNEL 
ATTEMPT-ro-n•llR-UNDl•ERllRLE-INTE~RUPT 

ATTEMPT-TO· CROW ·VCCTOR· TOO·HUCH 
ATTEMl' 1•10-MllUG-A IOMS-PNAME 
ATTEMPl-10-MUUG·PUltE•S lRUCTURE 
ATTEMPT·TO·SUIClDE · TO·SELF 
BAD•ARGUN[NT·LlST 
BAO·ASC!f·CllARl\C1ER 

BAO·BYTES-DECL 
BAD-ClllllWE L 
BAO-CLl\lfSE 

BAO·D[ClllRl\TlON·LIST 
8110-DErllllll·ODLlST•SPECJFJCATION 
BAO-EN1RV-BLOCK 

BAO•ENVJRONMENT 
BAD·FIXUPS 
BAO-FUlll\RG 
BAO-GC-REAO·FILE 

Appendix 4 

ACCESS, RESTORE (Ten•x and Tops-20 
v~r.i;ion$ only) 

Firlot argutncnt to APPLY. STACKFOR"• 
MA PF/R doesn't EVAL all lt.s arguments.. 

<ASCII 999>1 S•cond argument to NTH 
or REST tQQ big or $UtalJ. 
<INSERT "T• <ROOT>>S <LINK 'T •T• 
<ROOT>>S 
OECL probJe1n 
INSERT, LINK , REHOVE 
<BREAK-SEQ T <HE>>S 

<CLOSE ,INCHAN>S 
.. Uuder~rable'" interrupt (e'.g. "'ERROR") 
while INT-LEVEL l.s 100 high to handle it 
GROW argun1ent greater lhan <• 16 1024> 
<PUT <SPNAHE T> I !\T>S 
a1te1npt to write into pure page 
<SUICIDE <HE»S 
<GDECL ("HI") STRING>S 
A charact~r with wrong byte 5iz.e or 
ASCII code more than 1?7 octal has been 
r~ad (how?). 

Arg111nent to COND is non·LIST or ernpty 
LIST. 
OECL in bad for1n 
bad use of DEFAULT In LIST or OBLISTs 
RSUBR·ENTRY do.. not point to good 
RSUBR. 

CLOSURE in bad form 
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BAD-INPUT- BUFFER 
BAD-LINK 
BAD- H/\CRO-T/\BLE 

BAD- OBLIST-OR-LlST-THEREOF 

BAD- P/\RSE-STRING 
BAD-PNAHE 

BAD- PRJHTYPEC 
BAO-TEHPL/\lE-D/\T/\ 
BAD- TYPE-CODE 
BAO-TYPE-NAME 
BAD-TYPE-SPECIFICATION 
BAD-USE-OF-BYTE-STRING 
BAO-USE-OF-HACRO 
BAO-USE-OF-SQUIGGLY-BRACKETS 
BAO-VECTOR 
BYTE-SIZE-BllO 
CANT-CH TYPE-INTO 
CANT-FfNO- l EHPLATE 

CANT-OPEN-OUTPUT-FILE 
CANT-RETRY- ENTRY - GONE 

CANT-SUBS TI TUTE -111.TH -STRING-OR-TUPLE-ANO-OTHER 
CAN\ 'T-P/\RSE 
CllANNEL-CLOSEO 
CONTROL-G? 
COUNT-GREii TER- THAN-S 1 RlNG-S IZE 
DANGEROUS-INTERRUPT-NOT- HANDLED 
DATA-CANT-GO-IN-UN ! FORM-VECTOR 
OATA-CAN\'T-GO-IN-STORAGE 
0ECL-ELEMEN1-NOT-FORM-OR-ATOH 
OECL-VIOLATIQll 
DEVICE -OR-SllAME-0 IFFERS 
ELEHENl - l YPF. -NOT-ATOM-FORM-OR-VECTOR 
Et1PTY-FORM-IN-OECL 
EHPTY-OR/PRIMTYPE-FORH 
EHPTY-STRJllG 
END-OF-FILE 
ERRET-TYPE-llAME-OESIREO 
ERROR-IN- COMP !LEO-CODE 
FILE-NOT-FOUND 
FILE- SYSlEH-ERROR 
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(for • CHANNEL) 
<GUNASSIGN <CHTYPE link ATott>> 
.READ-TABLE or .PARSE-TABLE I• not a 
YKtor .. 
Alleged look-up list i• not of TYPE OBLIST 
or LIST. . 
non-STRING argument to PARSE 
attempt to output ATOlt with mlaslng -
zero-length PNME 

ATOlt purports to be a TYPE but ian'L 
OECL problem 
"3$ 

{)$ 
Bad argu1nent to RSUBR-ENTRY 
"NET" CHANNEL 
<CHTYPE 1 SUBR>$ 
atte•npt to GC-REAO a structure containing 
a TEMPLATE whose TYPE doeo not exist 
SAVE 
allempt to RETRY a call to an RSUBR
ENTRY whose RSUBR cannot be found 
<SUBSTITUTE "T" T>$ 
<PARSE "">S <PARSE ")">S 
<READ <CLOSE chan,,.,l»S 
~c 

<PRINTSTRING •• , OUTCHAN l>S 
(Stt ••ction 21.8.15.) (ITS version only) 
!["STRING")$ ![<FRAllE>)S 
FREEZE !STORAGE 

RENAME 
OECL problem 

<OR> or <PRIHTYPE> in OECL 
<REAOSTRING "">$ 

RESTORE 
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FIRST-ARG-WROHG- TYPE 
FIRST- ELEMENT - OF - VECTOR-NOT-CODE 
FIRS T-VEC TOR-E LEMEIH -NOT-REST-OR-A-FIX 
FRAME-NO-LONGER-EXISTS 
HANDLER-ALREADY - JN- USE 
HAS-EMPTY-BODY 
ILLEGAL 
ILLEGAL-ARGUMENT-BLOCK 

ILLEGAL-FRAME 
ILLEGAL-LOCATIVE 
ILLEGAL-SEGM[NT 

ILLEGAL-TENEX- FILE-NAME 
INT-DEVlCE-WRONG-TYrE - EVALUATION-RESULT 

INTERNAL-SACK - OR-TOP-OF-A-LIST 
INTERNAL- INTERRUPT 
INTERRUPT-UNAVAILAOLE-ON-TENEX 
ITS-CltANNFLs-F.XllAUSTED 

MEANINGLESS-PARAMETER-DECLARATION 
MESSAGE-TOO-DIG 
MUDDLE - VERSIOllS-OJFFER 
NEGATIVE-ARGUMENT 
NIL-LIST-OF -OB LISTS 
NO-FIXUP -FJLE 

NO - ITS-CHANNELS- FREE 
NO-KORE-PAG ES 
NO- PROCESS-TO-RESUME 
NO-ROOM - AVAILABLE 

NO-SAV- FILE 

NO-STORAGE 
NON-6 -BIT-CHARACTE R-IN-FILE-NAKE 

The MDL Programming Language 

RSUBR in bad form. 
IDECL ((X) <LIST [FOO]>) 
(unused) 

<IFUNCTION ((X)) l>S 

attempt to PRINT a TUPLE that no longer 
e')c:i$tJ. 

Third and later argu1nent.s to MAPF/ R 
not STRUCTURED. 
(Tenex and Tops .. 20 venions only) 
function for •1NT " input CHA.,.NEL 
returned non-CHAR.ACTER. 
in co1npUed code 
(unused) 
(Tenex and Tops-20 ver$ions only) 
l nlcrpreter couldn•t open an ITS 1/0 
channrl. 
bad object in argu1nent LIST of Function 
IPC (ITS version o nly) 
RESTORE (ver.sion • release) 

<SET OBLIST '()> TS 
MOL couldn't find fixup file (section 
19.9). 
IPC-ON (ITS version only) 
for pure-code mapping 
<OR <RESUKER> <RESUKE>>S 
MDL couldn't allocate a page to map In 
pure code~ < 

MOL couldn't f ind pure-code filr (section 
19.9). 
No frl!e a.tor11ge availabl~ for GR.OW .. 

NON-APPLICABLE-REP <VALUE REP> nol APPLICABLE 
NON-APPi.I CABLE-TYPE 
NON-ATOMlC-ARGU11ENT 
NON-ATOMIC-OBLIST-NAKE T!-3S 
NON-OSK - DEVICE (unused) 
NON-EVALUAl EAll l E- TYPE (unused) 
NON-EXISTENT- TAG (unused) 
NON-S TRUCTURED-ARG-T0-INTERNAL-PUT-REST-NTH- TOP-OR-8ACK in co1npiled code 
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NON-TYPE-FOR-l'RIM TYPE-ARG 
NOT-A-TTY-TYP( -CllArlNEL 
NOT-H/\NUl fO 
NOT-IN-ARG-LIST 

NOT- IN-HAr-ru11c T TON 

NOT- IN-PROG 
NTH-BY-1\-lll:G/\ TIVC:-llUMBCR 
N TH -Rf.Sl-rUT-OUT-Or -RANGE 
tlULL-S l R 1 flG 
tlUMSER-OUl-OF-RANGE 
ON-AN-OOLIST-ALREAOY 
OUT -or-BOUNOS 
OVER~LO\ol 

PDL-OVERf LO\ol-BUFrER -EXMllUSTEO 

PROCESS-UOl -RI SllMllOLE 
PROCESS - llOT - Rlltll\Bl E-OR-RESUMllBLE 
PURE-LOAD-FAILURE 
RE AOC R- S Yll l AX-f RROR-C:RRE T-ANYTHING-TO-GO-ON 
RSUBR - f Nl RY-llNl. I NKLD 

RSUOR-lN-BAO-fORMAT 
RSUBR-LACKs-r1xurs 

SECON0-1\llG - \olROtlG-TY re 
S TORAGE-lYPES-OlFFER 

S TRUCTURF. - CON l A I NS-Ut/OUMl'AB LE - TYPE 
SUBSTITUTE - TYPE - FOR-TYPE 
TEHPLATE-TYrF.-1/AME-llOT - OF -TYPE-TEMPLATE 

TEMPLAlE-TYPE-VIOLATION 
TllIRO-ARG-\olROlm-TYrE 
TOO-FF\ol-1\RGUMIUTS-SUrPI 1(0 
TOO - M/\llY-ARGS- TO-PR ltll YPE - OECL 
TOO-MAI< Y- /\R r:;s-To-s PE c IAL-UNSPECIAL-DECL 
TOO-MAllY-1\RGUMr.NTS-SUPPLIEO 
TOP-LEVf L-FRAllE 
TYPE-ALREAOY-~XISlS 
TYPE- MlSMf•lCH 
TYPE-UNor.r rnco 
TYPES - OJ FHR- J N-STOR/\GE-OBJECT 
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<PRIHTYPE not-type> in DECL 

Fir~t acgu1ncnt to Off not ONcd. 
TUPLE or ITUPLE called outside a rgument 
LIST. 
MAPRET . MAPLEAVE, MAPS TOP not within 
MAPF/R 
<RETURN>S <AGAIN>S 
in co1npiled code 
in c.01nplled code 
;r.ero-length STRING 
2E38S 
<INSERT T <ROOT>>S 
<l • C ))S BLOAY' arguuaent too large 
<I I O>S <• IE30 IE30)S 
Stack overflow while trying to expand 
stack: l.1$e RETRY. 
U$f! or another PROCESS's f'"RAHE. etc. 

Pure·code fife disappeared. 

RSUOR-ENTRY who•e RSUBR cannot be 
round 

KEEP - FIXUPS should have been true when 
RSU8R was input. 

<CHTYPE I LIST>S <CHUTYPE 
LIST>S 
<GC-DUHP <HE> <>>S 
<SUBSTITUTE SUBR FSUBR>S 

• ! [ 1] 

alte1npt 10 GC- REAO a structure containing 
a TEMPLATE whose TYPE is defin ed but is 
not a TEHPLATE 

<PRIHTYPE any .•• > 
<SPECIAL any ••• > 

<ERRET> <FRAHE <FRA11E <FRAHE>>>S 
NE\ITYPE 
atte1npt to 1nake a value violate its DECL 

I STORAGE 
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TYPES-DH f FR-Jl/-UNIFORM-VECTOR 
UNASSIGNfO-VARIABLE 
UNA TT AClfrl'l - rA 1 ll-JIAJ1E -SEPARATOR 
UNBOUNO - VARJAfiLC 
UNMATCllU> 
UVEC TOR- PU T-T YPE-VIOLA T!ON 

VECTOR-Ll"SS- 11 11\11-l·CLCMCNTS 
WRONG· OlRI Cl ION-CllANl/El 

WRONG • NUMBCR -or-ARGUMENTS 

Appendix 4 
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I [T <>JS 

El/OBLOCI< with n~ matching BLOCK 
PUT. SETLOC, SUBSTRUC in compiled 
code 
IOECL ((X) <LIST [REST]>) 
<OPEN "HYFILE">S (Mode mi»ing or 
niis.spelt.) 
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Appendix 6. Initial Settings 

The varic.•o' ~\vi1C'ht>) and useful v ariable$ in MOL are initially .St"l up wi1h the following value.$: 

<ACTIVATE·CllARS <STRING <ASCII 7> <ASCII 19> <ASCII IS»> 
:"Tenex and Tops-20 versions only• 

<OECL - Cl lECK T > 
<UN/ISSIGt~ <GUN/ISSIGll DEV» 
<GC -MOtl <» 
<S~1 WCll/IH <SETG INClll\N <OPEN "READ" "TTY:"»> 
<UNASSIGN KEEP-FIXUPS> 
<UNASSIGN <GUllASSIGH llMI » 
<llllASSlGtl <GUtll\SSIGN NHZ» 
<S~l on11s1 <SE1G OBLlSl (<HOBLIST INITIAL 151> <ROOT>)>> 
<SE1 OIJTCHllN <SETG OUTCHAN <OPEN "PRINT" "TTY :">» 
<OVCRFLOW T> 
<llNl\SSfGN RF.DCrJNE> 
<RSLIOfl - LlUK T> 
<SETG <UNASSlGN SNM> "working-directory•> 
<srCC!AL-C llECK <» 
<SP[CTllL·MOD~ llNSPECIAL> 
<SET TlllS·PROCESS <SETG l'HIS· PROCESS <MAIN>» 
<ON "CllAR" ,QUITTER 8 0 , INCHAtl> 
<ON .. IPC" .IPC-HANOLER 1> ;•ITS version only• 

Append i x 5 
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Toplo Index 

Parentl•e•iud word' re.Fer to other item~ la this index .. 

arg-u111ent1-

aritbu1etic 

array 

a»ignn1ent 

bi1tding 

bits 

block 

bool~n 

bugs 

call 

changr 

cl1aracter 

circular 

comn1a 

comnaents 

c::o1nparison 

conditional 

"OPTIONAL• "TUPLE" "ARGS" (parameter) 

+ - • I ABS EXP LOG SIN COS ATAll ftlN ftAX RANDOii 07 17 ••7 L? G7 L•7 
G=? N==? 

VECTOR UVECTOR TUPLE STRING BYTES TEl1PLATE 

SET SETG DEFINE OEf"AC ENVIRON"ENT (value parameter binding) 

BOUND? GBOUND? ASSIGNED? GASSIGNED? LEGAL? (assignment value para1neter) 

WORD BI TS PUTBITS GETBITS BYTES ANDS ORB XORB EQVB I.Sit ROT 

BIND PROG REPEAT BLOCK ENOBLOCK OBLIST "°BLIST OBLIST? !-

F/\LSE COND AND ANO? OR OR? NOT (comparison) 

(errors) 

FORH APPLY APPLICABLE? EVAL SEGllENT 

PUT-DECL PUTPROP SET SETG (side effect) 

CHARACTER STRING ASCII PRINC READCHR NEXTCHR FLATSIZE LISTEN PARSE 
LPARSE UNPARSE 

PUTREST PUT LENGTH? FLATSIZE 

GVAL SETG 

; FUNCTION ASSOCIATION 

a:? N••? =? N=? G7 L•7 L? G=? 07 17 HAX NIN STRCOllP FL.ATSllE LENGTH? 
(boole~n) 

COND AND OR (boolean) 

Topic Index 
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concatenation 

corout;ne 

data type 

deci111a l 

do 

dump 

~rrors 

escape 

execute 

exit 

file $y.s.te1u 

goto 

graphics 

identifier 

if 

indexing 

Input 

interrupt.s 

iteration 

leavt> 

The MOL Programming Language 

SEGMENT STRING CONS 

PROCESS STATE RESUME SUICIDE RESUHER HE HAIN BREAK-SEO lSTEP FREE- RUN 

TYPE TYPE? PRIHTYPE TYPEPRIM CHTYPE UTYPE CHUl:YPE NEWTYPE PRINTTYPE 
APPLYTYPE EVALTYPE ALLTYPES VALID-TYPE? 

{1001>.s execute call) 

SAVE (outp ut) 

FRAME ARGS FUNCT ERROR ERRORS ERRET RETRY UNI/IMO 

EVllL l\PPLY QUOTE FSUBR "ARGS" (ull) 

RETURN ACTIVATION (goto) 

FILECOPY FILE- LENGTH RENAME OPEN OPEN -NR CHANNEL FILE-EXISTS? NH! NHZ 
DEV SNH SNAHE 

GO TAG UNll TNO PROG REPEAT AGAIN RETURN ACTIVATION "ACT" (loops) 

STORAGE !HAGE 

ATOH PNAHE SPNAHE LINK LOOKUP INSERT REMOVE OBLIST SPECIAL (parameter 
\'alue) 

(conditiona l) 

NTH OFFSET GET PUT BACK TOP (loop>) 

READ R~ADC~IR NEXTCHR READS REAOSTRING READ- TABLE GC-READ ECHOPAIR 
OPEN ACCESS LOAD FLOAD RESTORE RESET 

FIX (a rith1ne1ic) 

EVENT HANDLER ON OFF ENABLE DISABLE INT- LEVEL DISMISS INTERRUPT 

(quit) 

Topic Index 
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loading FLOAD SAVE RESTORE LOAD 

location (pointer) 

loops REPEAT PROG RETURN GO ACTIVATION AGAIN KAPF KAPR ILIST IVECTOR 
IUVECTOR !STRING IBYTES lFORlt 

rnacro % %% LINK READ-TA8LE PARSE- TABLE DEFKAC EXPAND MACRO 

1nul1 i·proc::C.'\$ing (corou1 inr) 

octal • 

output PRINT PR I NI PRINC PRINTB PRINTSTRING IMAGE GC- DWIP ECHOPAIR FLATSIZE 
SAVE TERPRI CRLF OPEN ACCESS RESET BUFOUT NETS 

parameter FUNCTION ATOH LVAL SET SPECIAL UNSPECIAL (identifitt value) 

par~n l ht"$>f'.S. LIST 

parst' PARSE LPARSE PARSE-TABLE UNPARSE 

pt'rlod LVAL SET READ 

pointt'r LOCATIVE AT IN SETLOC LIST 

p.....Sicate (boolean) 

primitives SUBR FSUBR ROOT GVAL SETG 

procedure FUflCTION DEFINE DEFllAC GVAL CLOSURE 

CJuit Ac AS Ao QUIT VALRET LOGOUT RETURN (loop$) 

rt'al FLOAT (arithmetic) 

recur$ion (alway.s assurned and built In) 

St'arch MEMQ MEMBER •? ••? (comparison) 

sharing SEGMENT GROii SUBSTRUC 

sidt' effect PUT PUTREST SETLOC SUBSTRUC (change) 

Topic Index 
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sixbit 

storage-

strucrurc 

subr·outinc 

te1npor.ary 

terminal 

text 

rrailer 

true 

tty 

unbinding 

vafuf!' 

The MDL Pro~ramming Language 

JNAHE XJNAHE SEND SEND-WAIT IPC- ON 

GC BLOAT BLOAT-STAT FREEZE TUPLE "GC" (51ruclure) 

LIST VECTOR UVECTOR STRING BYTES TEHPLATE STRUCTURED? EHPTY? HONAD? 
LENGTH LENGTH? (concarcnation) 

(proc~ure priiuitive) 

"AUX" BIND PROG REPEAT 

(Uy) 

(ch.al'.acrf'r) 

!- OBLIST 

(boolean) 

LISTEN -L -& -~ -o rubout ECHOPAIR TTYECHO TYI "BLOCKED" "UNBLOCKED" 
ACTIVATE-CllARS (character) 

(binding) 
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