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An 0verv1ew 0f 5L5* 

Ra1ph E. 6r15w01d and Dav1d R. Han50n + 
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7uc50n, Ar120na 85721 

1. 1ntr0duct10n 

5L5 15 a Pr09rarmm1n9 1an9ua9e de519ned pr1mar11y a5 a t001 f0r 
Pr09ramm1n9-1an9ua9e re5earch, ma1n1y 1n the area5 0f 5tr1n9 and 
115t pr0ce551n9. 5L5 der1ve5 many 0f 1t5 character15t1c5 fr0m 
5N080L4 [1] and recent Pr09ramm1n9-1an9ua9e re5earch [2-7]. 
A1th0u9h 5L5 ha5 c1ear r00t5 1n 5N080L4, 1t5 pr1mary r01e 15 1n 
re5earch; 1t 15 n0t 1ntended a5 a rep1acement f0r 5N080L4 0r a5 
a 5tep 1n the ev01ut10n 0f the 5N080L 1an9ua9e5. 1n fact, many 
0f the feature5 0f 5L5 are e50ter1c, and the 9enera11ty 0f the 
1mp1ementat10n nece55ary t0 5upp0rt re5earch app11cat10n5 make5 
5L5 1nappr0pr1ate f0r 9enera1-purp05e u5e. 

5tructura11y, 5L5 15 very d1fferent fr0m 5N080L4 -- 5L5 15 an 
expre5510n-0r1ented 1an9ua9e w1th many 0f the c0nvent10na1 c0n- 
tr01 mechan15m5 (a1th0u9h 50me have n0ve1 1nterpretat10n5). 
Am0n9 the n0ta61e character15t1c5 0f 5L5 15 1t5 pr0cedure mecha- 
n15m, wh1ch perm1t5 the dec0mp051t10n 0f pr0cedure 1nv0cat10n 
1nt0 m0re e1ementary c0mp0nent5. 7h15 mechan15m~pr0v1de5 a 
natura1 meth0d f0r c0r0ut1ne Pr09ramm1n9. Runt1me f1ex16111ty 
15 an 1mp0rtant a5pect 0f 5L5 and 15 m0t1vated 6y the re5earch 
0r1entat10n 0f 1t5 1ntended app11cat10n5. 5L5 ha5 n0 type 
dec1arat10n5 and 5upp0rt5 a var1ety 0f data type5 w1th runt1me 
c0erc10n and check1n9 f0r appr0pr1atene55 0f type 1n c0ntext. 
5c0p1n9 0f 1dent1f1er5 15 dynam1c and e5ta6115he5 61nd1n95 at 
runt1me that perm1t f1ex161e u5e 0f c0r0ut1ne meth0d01091e5. 

5L5 15 de519ned t0 5upp0rt Pr09ramm1n9 1an9ua9e re5earch at 
tw0 1eve15. At the h19her 1eve1, the 5L5 1an9ua9e pr0v1de5 a 
t001 f0r exp10r1n9 a var1ety 0f Pr09ramm1n9 techn14ue5 that are 
awkward 0r 1mpract1ca1 1n 0ther 1an9ua9e5. At the 10wer, 1mp1e- 
mentat10n 1eve1, 5L5 15 0r9an12ed 1nt0 m0du1e5 that are 60und at 
10ad t1me. 7here are a num6er 0f feature5 that c0n5t1tute the 
5L5 1an9ua9e nuc1eu5. 0ther m0du1e5 can 6e deve10ped 1ndepen- 
dent1y and appended t0 the nuc1eu5 t0 pr0v1de 1an9ua9e var1ant5 
and exten510n5. 7hu5, 1nd1v1dua1 re5earcher5 can w0rk 0n 1nde- 
pendent (and p055161y 1nc0mpat161e) feature5 w1th0ut 1nterfer1n9 

*7h15 w0rk wa5 5upp0rted 6y the Nat10na1 5c1ence F0undat10n 
under 6rant DCR75-01307. 

+Pre5ent addre55: Department 0f C0mputer 5c1ence, Ya1e 
Un1ver51ty, New HaVen, C0nnect1cut 06250. 
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w1th each 0ther. 7h15 11n9u15t1e m0du1ar1ty ha5 6een u5ed t0 
deve10p m0du1e5 f0r 5tr1n9 ana1y515 and 5ynthe515 [8,9], data- 
5tructure pr0ce551n9 [10], Pr09rammer-def1ned pr0ce55 a550c1a- 
t10n5 [11], and fac111t1e5 f0r acce551n9 the a65tract mach1ne 
that under11e5 the 1mp1ementat10n 0f 5L5 [12]. 

7he rema1nder 0f th15 d0cument de5cr16e5 the ma1n feature5 0f 
5L5. 1t 15 a55umed that the reader ha5 50me fam111ar1ty w1th 
5N080L4. A m0re c0mp1ete de5cr1pt10n 0f 5L5 15 91ven 1n Refer- 
ence5 13-16. 

2. 5yntax 

Un11ke 5N080L4, the 5yntax 0f 5L5 15 expre5510n-0r1ented, 
51m11ar t0 that 0f 8L155 0r A1901 68. An 5L5 pr09ram 15 a 51n91e 
expre5510n; a 5e4uence 0f expre5510n5 can 6e 9r0uped t09ether 
u51n9 the 6e91n ... end 0r { ... } c0n5truct5. 5L5 p055e55e5 
m05t 0f the 7r~dern~ c0ntr01 5tructure5 de5cr16ed 6e10w, each 0f 
wh1ch 15 an expre5510n and return5 a re5u1t. Re5erved w0rd5 are 
u5ed t0 5pec1fy c0ntr01 expre5510n5. 

5L5 5upp0rt5 unary and 61nary 0perat0r5. 7here are tw0 type5 
0f unary 0perat0r5: pref1x and 5uff1x. F0r examp1e, the expre5- 
510n j+ cau5e5 the va1ue 0f the var1a61e j t0 6e 1ncremented 6y 
1 w1th the re5u1t returned a5 the va1ue 0f the expre5510n0 A11 

~ a ~ 5 6 ~ a ~ 5 c ~ 5 ~ n v ~ a ~ 0 u ~ a ~ n v ~  ~ ~;5~ nu115u0h a5 

5tr1n9. 

8u11t-1n 0perat0r5 1nc1ude the u5ua1 numer1c 61nary and pref1x 
0perat0r5, 61nary c0mparat0r5, and 5tr1n9 0perat0r5 5uch a5 c0n- 
catenat10n (11) and c0mpar150n (==, ----). A5519nment (:=) 15 a 
61nary 0perat0r, wh1ch return5 1t5 r19ht ar9ument a5 1t5 re5u1t. 
7here are a var1ety 0f 6u11t-1n pr0cedure5. An examp1e 15 
8eet10n(8,n,k), wh1ch return5 the 5ect10n 0f 5 that 15 ~ charac- 
ter5 10n9 and 6e91n5 at character n. 5ect10n 15 51m11ar t0 the 
PL/1 funct10n 5U857R, 6ut d1ffer5 1n that the 0ff5et 15 2er0- 
6a5ed. Examp1e5 0f 0ther 6u11t-1n pr0cedure5 are 91ven 1n 
5ect10n 5. 

3. C0ntr01 Expre5510n5 and 515na11n9 

An expre5510n return5 a 519na1 (typ1ca11y ••5ucce55•• 0r ••fa11- 
ure••) a5 we11 a5 a va1ue. 7he c0m61nat10n 0f a va1ue and a 519- 
na1 15 ca11ed the re5u1t 0f the expre5510n. C0ntr01 5tructure5 
are dr1ven 6y 519na15 rather than 6y 6001ean va1ue5. F0r an 
examp1e, c0n51der the c0ntr01 expre5510n 

1f e1 then e2 e15e e3 

7he expre5510n e1 15 eva1uated f1r5t. 1f the re5u1t1n9 519na1 
15 5ucce55, e2 15 eva1uated. 0therw15e, e3 15 eva1uated. 
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F0r examp1e, the expre5510n 

1f x > y then x := x - y e15e y := y - x 

f1r5t eva1uate5 the expre5510n x > y. 1f that expre5510n 5uc- 
ceed5, x := x- y 15 eva1uated; 0therw15e y := y - x 15 eva1u- 
ated. 

7he 1f-then-e15e c0n5truct10n 15 1t5e1f an expre5510n and 1t5 
re5u1t (va1ue and 519na1) 15 the re5u1t 0f e2 0r e3 (wh1chever 
15 eva1uated). 

N0te that a1th0u9h the 519na11n9 mechan15m 15 51m11ar t0 that 
0f 5N080L4, a va1ue 15 returned even 1f the 519na1 15 fa11ure. 
519na15 are n0t 11m1ted t0 5ucce55 and fa11ure; 5ee Reference5 
13 and 15 f0r deta115. 

0ther typ1ca1 c0ntr01 expre5510n5 are: 

wh11e e1 d0 e2 
unt11 e1 --d0 e2 
repeat e w 

f0r v fr0m e1 t0 e2 6y e3 wh11e e4 d0 e5 
e1 0r e2 
e1 ~and e2 

7he wh11e expre5510n repeated1y eva1uate5 e2 a5 10n9 a5 e1 5uc- 
ceed5, and return5 the 1a5t re5u1t 0f e2 when e1 fa115. 7he 
unt11 expre5510n 6ehave5 1n a 51m11ar manner except e2 15 repeat- 
ed1y eva1uated a5 10n9 a5 e1~fa115. 7he repeat expre5510n eva1u- 
ate5 e repeated1y unt11 e fa115. 7he re5u1t 0f the repeat ex- 
pre5510n 15 the 1a5t (fa111n9) re5u1t 0f e. 7he f0r expre5510n 
6ehave5 1n the c0nvent10na1 manner. 7he phra5e5 fr0m e1, t0 e2, 
6y e3, wh11e e4 are 0pt10na1. 7he re5u1t 0f the f0r expre--55~0n 
15 the 1a5t re5u1t returned 6y e5. 7he 0r expre5510n eva1uate5 
e1 and return5 1t5 re5u1t 1f 1t 5ucceed5• 0therw15e e2 15 eva1m- 
ated and 1t5 re5u1t 15 returned. 7he and expre5510n eva1uate5 
e1 and return5 1t5 re5u1t 1f,1t fa115. 0therw15e e2 15 eva1u~te~ 
and 1t5 re5u1t 15 returned. 

7here are 0ther, c0mp1ementary c0ntr01 expre5510n5 pr0v1ded 
f0r cenven1ence. 5ee Reference 13 f0r a c0mp1ete 115t. 

4. Pr0cedure5 

0ne 0f the n0ve1 feature5 0f 5L5 15 that pr0cedure5 and the1r 
env1r0nment5 (••act1vat10n rec0rd5••) are 50urce-1a~ua9e data 
06ject5. 7hu5 a pr0cedure 15 ••c0n5tructed•• 6y a5519n1n9 1t t0 a 
var1a61e, e.9., the expre5510n 
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9cd := pr0cedure (x, y) 
wh11e x ~= y d0 

1f x > y then-- x := x - y e15e y := y - x; 
5ucceed-- x 

end 

a5519n5 t0 2cd a pr0cedure that c0mpute5 the 9reate5t c0mm0n 
d1v150r 0f 1t5 ar9ument5. 

5L5 pr0cedure5 can 6e u5ed a5 recur51ve funct10n5 0r a5 c0r0u- 
t1ne5. 7he 1nv0cat10n 0f a pr0cedure 1n the 5tandard recur51ve 
fa5h10n 15 acc0mp115hed 6y u51n9 the u5ua1 funct10na1 n0tat10n -- 
f(e1,e2,...,en). 7h15 expre5510n re5u1t5 1n the 1nv0cat10n 0f 
the pr0cedure that 15 the current va1ue 0f the var1a61e f, n0t 
a pr0cedure named f. 7he actua1 ar9ument5 are 91ven 6y the 
expre5510n5 e1 thr0u9h en. 

Pr0cedure act1vat10n may 6e dec0mp05ed 1nt0 5evera1 d15t1nct 
50urce-1an9ua9e 0perat10n5 that a110w 5L5 pr0cedure5 t0 6e u5ed 
a5 c0r0ut1ne5. 7he5e 0perat10n5 are the creat10n 0f an env1r0n- 
ment f0r the execut10n 0f the 91ven pr0cedure, the 61nd1n9 0f 
the actua1 ar9ument5 t0 that env1r0nment, and the re5umpt10n 0f 
the execut10n 0f the pr0cedure. 

7he f1r5t c0mp0nent, env1r0nment creat10n, 15 acc0mp115hed 6y 
the create 0perat0r: 

e := create f 

7he create 0perat0r take5 a 51n91e ar9ument 0f datatype pr0cedure 
and create5 an env1r0nment f0r 1t5 execut10n. 7h15 env1r0nment 
15 a 50urce-1an9ua9e data 06ject, and 1n the a60ve expre5510n 15 
a5519ned t0 e. 

7he w1th 0perat0r 15 u5ed t0 61nd the actua1 ar9ument5 t0 an 
env1r0nment. 7he expre5510n 

e w1th (e1, e2, ...,en) 

61nd5 the actua1 ar9ument5, e1 thr0u9h en, t0 the env1r0nment 
that 15 the va1ue 0f e. 

7he execut10n 0f a pr0cedure 15 effected 6y ••re5um1n9•• 1t 
u51n9 the re5ume 0perat0r. 7he expre5510n 

re5ume e 

cau5e5 the execut10n 0f the current pr0cedure t0 6e 5u5pended 
and the execut10n 0f the pr0cedure f0r wh1ch the va1ue 0f e 15 
an env1r0nment t0 6e91n 0r c0nt1nue. 
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A pr0cedure u5ua11y ••return5•• a re5u1t t0 the ~ea111n9~ 0r 
the ••re5um1n9••, pr0cedure. 7h15 15 acc0mp115hed 6y the expre5- 
510n5 

5ucceed e 
fa11 e 

wh1ch return e a5 the va1ue 0f the pr0cedure and 519na1 e1ther 
5ucce55 0r fa11ure a5 1nd1cated. 1f e 15 0m1tted, the nu11 
5tr1n9 15 a55umed. 

1f the pr0cedure 15 act1vated 6y a re5ume expre5510n, the 
re5u1t 91ven 1n the 5ucceed 0r fa11 expre5510n 15 tran5m1tted 
and 6ec0me5 the re5u1t 0f the re5ume expre5510n. 7he execut10n 
0f 5ucceed 0r fa11 cau5e5 the 5u5pen510n 0f that part1cu1ar 
1n5tance 0f the pr0cedure. 1f the env1r0nment repre5ent1n9 that 
execut10n 15 a9a1n re5umed, execut10n pr0ceed5 fr0m where 1t 1eft 
0ff. 1t 15 p055161e t0 re5ume a pr0cedure w1th a re5u1t (va1ue 
and 519na1), wh1ch 6ec0me5 the re5u1t 0f the 5ucceed 0r fa11 
0perat0r. 

4.1 Ar9ument 7ran5m1tter5 

A tran5m1tter 15 a550c1ated w1th each f0rma1 ar9ument f0r a 
pr0cedure. 7ran5m1tter5 are 5pec1f1ed 1n the pr0cedure head1n9, 
e.9. 

9cd :-- pr0cedure (x:va1, y:va1) 

5pec1f1e5 that the tran5m1tter a550c1ated w1th the ar9ument5 x 
and y 15 the va1ue 0f the 1dent1f1er va1, wh1ch c0rre5p0nd5 t0 
tran5m15510n 6y va1ue. 1f the tran5m1tter 15 0m1tted, tran5m15- 
510n 6y va1ue 15 a55umed. 

A tran5m1tter may 6e a 6u11t-1n pr0cedure, a Pr09rammer- 
def1ned pr0cedure, 0r an env1r0nment. 7he 6u11t-1n tran5m1tter5 
are va1, wh1ch tran5m1t5 ar9ument5 6y va1ue, ref, wh1ch tran5m1t5 
ar9ument5 6y reference, and exp, wh1ch tran5m1t5 ar9ument5 6y 
expre5510n (51m11ar t0 tran5m15510n 6y name 1n A1901 60). 

When ar9ument 61nd1n9 0ccur5, e1ther 6y exp11c1t u5e 0f w1th 
0r 6y pr0cedure 1nv0cat10n u51n9 funct10na1 n0tat10n, each actua1 
ar9ument expre5510n 15 pa55ed t0 the tran5m1tter a550c1ated w1th 
the c0rre5p0nd1n9 f0rma1 ar9ument. 7he va1ue returned 6y the 
tran5m1tter 15 u5ed a5 the va1ue 0f the f0rma1 ar9ument. 1f any 
0f the tran5m1tter5 519na1 fa11ure, the 61nd1n9 0perat10n fa115. 

Pr09rammer-def1ned tran5m1tter5 can 6e u5ed f0r datatype 
check1n9, trac1n9, 0r c0mm0n prepr0ce551n9 0f ar9ument5. F0r 
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eXamp1e, the expre5510n 

p051t1ve1nt := pr0cedure (n) 
1f (n := 1nte9er(n)) > 0 
--then 5uCCeed n 

e15e fa11 
end 

a5519n5 t0 p051t1ve1nt a pr0cedure that 5ucceed5 and return5 n 
1f n 15 a p051t1ve 1nte9er, and fa1150therw15e. 7he pr0cedure 
1nte9er(n) 15 a 6u11t-1n pr0cedure that c0nvert5 n t0 an 1nte9er 
and return51t a51t5 re5u1t, 0r fa1151f n 15 n0t c0nvert161e 
t0 an 1nte9er. 7he pr0cedure p051t1ve1nt can 6e u5ed a5 a tran5- 
m1tter f0r x and y 1n 9cd, f0r examp1e, 6y 1nc1ud1n91t 1n the 
pr0cedure head1n9: 

9cd := pr0cedure (x:p051t1ve1nt, y:p051t1ve1nt) 

7h15 mechan15m can a1506e u5ed t0 rep1ace 51m11ar 0perat10n5 
at the 6e91nn1n90f 5evera1 pr0cedure5 that put the ar9ument51n 
a can0n1ca1 f0rm 6y a 51n91e tran5m1tter. 

4.2 Dec1arat10n5 

Un11ke 5N080L4, 5L5 ha5 dec1arat10n5 f0r 1dent1f1er5. 7he5e 
dec1arat10n5, h0wever, are u5ed t0 determ1ne 0n1y the 1nterpreta- 
t10n and 5c0pe 0f 1dent1f1er5 that appear 1n a pr0cedure; n0t 
the1r type. 7he dec1arat10n5 are m0t1vated 6y the~ec0mp051t10n 
0f pr0cedure act1vat10n de5cr16ed a60ve, and are de519ned t0 
pr0v1de the 1nter-pr0cedure c0mmun1cat10n that 155u1ta61e and 
c0nven1ent f0r c0r0ut1ne Pr09ramm1n9. 

1dent1f1er5 may 6e dec1ared e1ther pu611c 0r pr1vate. 
dec1arat10n5 have the f0rm 

7he5e 

pu611C 1d1, 1d2, ..., 1dn 
pr1Vate 1d1, 1d2, ..., 1dn 

7he va1ue 0f a pr1vate 1dent1f1er 15 ava11a61e 0n1y t0 the 
pr0cedure 1n wh1ch 1t 15 dec1ared; 1t cann0t 6e exam1ned 0r m0d1- 
f1ed 6y any 0ther pr0cedure. Pr1vate 1dent1f1er5 are u5ed f0r 
data that 1510ca1 t0 a part1cu1ar 1n5tance 0f a pr0cedure. F0r 
examp1e, when a pr0cedure 15 u5ed 1n a c0r0ut1ne fa5h10n, pr1vate 
1dent1f1er5 can 6e u5ed t0 ••remem6er•• 1nf0rmat10n nece55ary t0 
rever5e effect5 dur1n96acktrack1n9. 

Pu611c 1dent1f1er5 are u5ed a5 the pr1nc1pa1 mean50f dynam1c 
1~ter-pr0cedure c0mmun1cat10n. 7he va1ue 0f a pu611c 1dent1f1er 
15 acce55161e t0 the pr0Cedure 1n wh1ch 1t 15 dec1ared and t0 
any 0ther pr0cedure wh05e env1r0nment 15 a de5cendant 0f the 

7h15env1r°nment15 e4u1va1ent f°r thet0Pr°cedureth e dynam1cc°nta1n1n95e0pe 0fthe1dentpu611c1f1er5dec1arat1°n1n 5N080L4" 

when pr0cedure5 are 1nv0ked 1n the u5ua1 recur51ve fa5h10n. 
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1f an 1dent1f1er d0e5 n0t appear 1n any 0f the dec1arat10n5 
f0r a pr0cedure, 1t 15 5a1d t0 6e free. 7he 1nterpretat10n 0f a 
free 1dent1f1er 15 dynam1c and 0ccur5 when an env1r0nment f0r 
the pr0cedure c0nta1n1n9 the free 1dent1f1er 15 created (1.e.~ 
6y the create 0perat10n). 7he 1nterpretat10n 15 06ta1ned 6y 
5earch1n9 f0r an env1r0nment f0r a pr0cedure that c0nta1n5 a 
pu611c dec1arat10n f0r the 1dent1f1er. 7h15 5earch 15 9u1ded 6y 
creat10n h15t0ry. Each env1r0nment c0nta1n5 1nf0rmat10n that 
1nd1cate5 1t5 creat0r, wh1ch 15 the env1r0nment that cau5ed 1t5 
creat10n v1a the create 0perat0r. 7he 5earch f0r the 1nterpreta- 
t10n 0f a free 1dent1f1er 15 perf0rmed 6y exam1n1n9 each creat0r 
unt11 0ne 15 f0und wh05e pr0cedure c0nta1n5 a pu611c dec1arat10n 
f0r the 1dent1f1er. 7hat env1r0nment 15 ca11ed the cu5t0d1an 0f 
the 1dent1f1er. After the cu5t0d1an 15 10cated, the free 1dent1- 
f1er, 1n the env1r0nment that 15 6e1n9 created, hencef0rth refer5 
t0 the pu611c 1dent1f1er 10cated 1n the cu5t0d1an. 

1f the 5earch fa115 t0 f1nd an 1nterpretat10n, an ••1mp11c1t•• 
pu611c 1nterpretat10n 15 pr0v1ded f0r the 1dent1f1er. 7he env1- 
r0nment wh05e creat10n re5u1ted 1n the~ un5ucce55fu1 5earch 6e- 
c0me5 a cu5t0d1an 0f the 1dent1f1er ju5t a5 1f the 1dent1f1er 
had 6een dec1ared pu611c. 

5. Pr09ramm1n9 Examp1e5 

7he f0110w1n9 pr0cedure 111u5trate5 a 51mp1e examp1e 0f c0r0u- 
t1ne u5a9e. 

nextc := pr0cedure~>(8) pr1vate n, c; 
repeat { 

f0r n fr0m 0 wh11e c := 5ect10n(8,n,1) d0 
5ucceed 0; 

fa11; 
7 

end 

An enV1r0nment f0r nextc return5 the next character fr0m 1t5 
ar9ument 5 each t1me 1t 15 re5umed. 1f the env1r0nment 15 re- 
5umed after the 1a5t character 0f 5 ha5 6een returned, fa11ure 
15 519na11ed t0 1nd1cate the~end 0f the 5tr1n9. 5u65e4uent 
re5umpt10n, h0wever, 6e91n5 the pr0ce55 anew, return1n9 each 
character 1n the ar9ument unt11 the 5tr1n9 15 0nce a9a1n exhau5ted. 

F0r examp1e, the expre5510n 

nch := create nextc w1th ••5N080L4•• 

a5519n5 t0 nch an env1r0nment f0r nextc w1th the ar9ument 
••5N080L4••. 7he va1ue 0f the expre5510n 

re5ume nch 

15 the next character 1n ••5N080L4••. 7he e19hth re5umpt10n 0f nch 
519na15 fa11ure, the n1nth re5umpt10n return5 ••5••, and 50 0n. 
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7he f0110w1n9 pr0cedure, f1nd, return5 the next 11ne 1n the 
f11e f that c0nta1n5 the 5tr1n9 91ven 1n 5tr. 1t fa115 at end 
0f f11e. 

f1nd := ~p0cedure (5tr:5tr1n9, f:f11e) pr1Vate 11ne, match; 
wh11e 11ne := read11ne(f) d0 { 

match := 0; 
f0r 1 fr0m 0 t0 1en9th(11ne) - 1en9th(5tr) 

wh11e match --~- 0 d0 
1f 5u65tr1n9(5tr,11ne,1) then 
mmatch+; 

1f match > 0 then 
5ucceed 11ne; 

fa11 
end 

7h15 pr0cedure 111u5trate5 the u5e 0f the 6u11t-1n pr0cedure5 
5tr1n9 and f11e a5 ar9ument tran5m1tter5 that perf0rm datatype 
c0erc10n. 80th pr0cedure5 attempt t0 c0nvert the1r ar9ument t0 
the 1nd1cated type and return 1t a5 the1r re5u1t. 7hey fa11 1f 
the c0nver510n 15 n0t p055161e. 

7he pr0cedure read11ne(f) return5 the neXt111ne fr0m f11e f, 
fa111n9 at end 0f f11e. 7he pr0cedure~1en9th(5) return5 the 
num6er 0f character5 1n 1t5 ar9ument, and 8u65tr1n9(5tr,11ne,~ 
5ucceed5 1f 5tr 15 a 5u65tr1n9 0f 11ne 6e91nn1n9 at charac~ter 
p051t10n 1 and fa115 0therw15e. 

F0r examp1e, the 5e4~ence 

9etnext := create f1nd w1th (••Pr09rammer••, ••manua1••); 
repeat wr1te11ne(0utf11e, re5ume 9etnext); 

pr1nt5 a11 11ne5 1n the f11e ••manua1•• that c0nta1n the w0rd ••pr0- 
9rammer•• 0n the f11e 91ven 6y the va1ue 0f 0utf11e. 7he 6u11t-1n 
pr0cedure wr1te11ne(f,8) wr1te5 5tr1n9 5 t0 the~f11e f. 

7he next examp1e c0mpute5 a11 the permutat10n5 0f<the 1nte9er5 
1 t0 n u51n9 Knuth•5 Meth0d 1 [17]. 7he pr0cedure a5519ned t0 
the var1a61e permutat10n5 return5 the next permutat10n 0f the 
1nte9er5 fr0m 1 t0 n each t1me 1t 15 re5umed. 7h15 15 d0ne 6y 
creat1n9 an env1r0nment f0r 1t5e1f t0 c0mpute the permutat10n5 
f0r the 1nte9er5 1 t0 n-1, and 1n5ert1n9 n 1n a11 p055161e p051- 
t10n5 t0 f0rm n permutat10n5 0f the 1nte9er5 1 t0 n. 

pu611c w1d, permuta~10~5; 

permutat10n5 := pr0cedure (n) pr1vate 8, p, 1; 
1f n = 1 then 

5ucceed 1pad("1", w1d) 
e15e { 

p := create p~rmutat10n5 w1th (n - 1); 
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Wh11ef0r5UCCeed15 fr0re~-~5ect1°n-- P1~(n-1(5,0,1)) 1~1p1d(~, w1d)d0 11 
5ect10n(5,1,1en9th (5)-1) ; 

}; 
fa11 

end; 

w1d := 1en9th(n) + 1; 
p := create permutat10n5 w1th n; 
repeat wr1te11ne(0utf11e, re5ume p); 

7he pu611c 1dent1f1er w1d 15 u5ed t0 f0rmat the 1nte9er5 1n a 
permutat10n 1nt0 c01umn5 wh05e w1dth 15 determ1ned 6y the 1en9th 
0f n. 1pad(5,n) 15 a 6u11t-1n pr0cedure that return5 a 5tr1n9 
c0n515t1n9 0f 5 padded 0n the 1eft w1th 61ank5 t0 f0rm an 
n-character 5tr1n9. F0r n = 3, the 0utput 0f th15 Pr09ram 15 

321 
231 
213 
312 
132 
123 

6. C0nc1u510n5 

5L5 15 wr1tten 1n 511/2 [18], a 1an9ua9e de519ned f0r the 
1mp1ementat10n 0f tran5p0rta61e 1nterpreter5. 5L5 15 current1y 
runn1n9 0n the DEC5y5tem-10. 

Pre11m1nary re5u1t5 1n the u5e 0f 5L5 have 6een 4u1te enc0ur- 
a91n9; 1t 15 pre5ent1y 6e1n9 u5ed 1n 5evera1 pr0ject5 re1ated t0 
h19h-1eve1 data 5tructure pr0ce551n9, 5tr1n9 ana1y515 and 5ynthe- 
515, and 90a1-0r1ented Pr09ramm1n9 [19]. A5 a re5u1t 0f kn0w1- 
ed9e 9a1ned 1n the5e app11cat10n5, 5L5 ha5 under90ne c0nt1nua1 
rev1510n. 7he 1an9ua9e de519n and 1t5 1mp1ementat10n are ex- 
pected t0 reach a 5tate 0f re1at1ve 5ta6111ty 1n the near future. 
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