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FORE~DRD 

Tllis document gives some exarrples of language 
which have been tested using SIS. The a~ount 
carried out varies considerably. It is NOT 
there are no "bugs" left in the examples. 

descriptions 
of testing 

claimed that 

It is hoped that a study of the exarrples will help the 
reader to use GRAM and DSL. However, one is warned against 
slavishlY following the style and layout conventions of the 
examples: most of them were forrrulated several years ago, 
and neater versions could surely be made, even within the 
confines ot the current version of DSL. 

Please let me know if you find any bugs in the examples. 1 
would also welcome further contributions to this document, 
especiallY ones illustrating a radically different style. 

References to separately~published tested examples are given 
at the end. 
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Lambda-Calculus with Atorr.s ------ --------

ThiS is just the lambda•cal~ulus, with the natural numbers as atoms. The 
symbol '\' represents •lambda'. 

The identifiers 'plus• and •mult' are pre•defined to be suitable operators 
on the natural numbers. 

The example serves as a gentle ,introduction to SIS for students -- give them 
the LC·Parser, let them work out and test LC•Semantics for themselves. 

Example Program: 

(\ double. 
\ twice. 
\ thrice. 

thrice(twice double)l 

) 
(\n. plus n n) 
(\f, \n, f(f(nlll 
(\f, \n, f(f(f(n)))) 

Result of Compiling: 

LAMB "Le-semantics (Program)" 

"N"NODE<64> 

END 

Degree of Testedness: High. 



2 TESTED EXAMPLES 

GRA1·1 "LC-Porser 11 

SYNTAX 

exp : := "\11 ide " . " exp 
I exp-a :exp-a 

exp-a :: = exp"'a exp ... b 
I exp-b :exp-b 

exp·b ::= ide :ide 
I nu m :num 
I ncu exp 11) .. 

ide : := 11 IDE" q 

nu m : : = 11 NUt<l" n 

DOf4AINS 

exp, exp-a, exp-b Exp 

LE XIS 

exp :: = symbt :CONC symb+ 

symb ::= ide :<OUT"IDE", ide> 
I nu m ; <OUT ''NUM", nutt> 
I layout+ :<> 

ide :: = letter+ :QUOTE letter+ 

letter === "a" ••• "z" 

nu m :; = digit+ :NUMBEF digit• 

digit === "0" ••• "9" 

layout === " " I CC"C" I CC"L" I CC"T" 

END 



Lambda•Calculus with Atoms 

DSL "LC-Semantics" 

OD!~AINS 

! syntactic: 
exp Exp 

!de I de 
nu m Num 

semantic: 
e E = 
f F = 
n N 
q Q 
r R = 

= 

= 
= 

["\" Ide "•" 
lde I Num 
("IDE" Q) 
["NUM" N] 

[Nl I [FJ 
E •> E 

Ide ·> E 

Exp] I [Exp ExpJ I 
./ ("(" Exp ")"] 

DEF ee(expOJ(rJ: E = 

CASE expO 
/["\" 1de 11 • 11 exp] ·> LET f = LAM e. ee(expJ(r\ide<•el 

IN [fl 

WITH 

/["IDE" q] •> 

t·["NUM" nl •> 

/("( 11 exp "J"l •> 
ESAC 

rO = LAM ["IDE" qJ. 

CASE q 
I "plus" ·> 
I "mult" -> 
ESAC 

LET [fl = ee(exp!J(rl 
IN f(ee(exp2J(rll 

r<expOJ 

[nl 

ee(expJ(rl 

fUn(LAM nl. LAM n2. nl 
fUn(LAM nl. LAM n2. nl 

WITH fun(g :(N •> N •> Nll :[Fl : 

LET fl [nil : [FJ = 
LET f2[n2l : [NJ = 

LET n = g(n1Hn2l 
IN [nl 

IN [f2l 
IN [fll 

IN LAM exp. ee(exp)(rOJ 

END 

PLUS n2l 
MULT n2l 

J 



5 

LOOP 

This example 
notation used 
refer to the 
LOOP. 

aims to help comparison of DSL With the more traditional 
in Tennent*s survey paper [Comm.ACM 19:8]. The reader should 
origlnal paper for an informal explanation of the semantics of 

Example Program: 

READ n; 
TO n DO 

WRITE n 
n := n + 1 

Example Data: 

LAMB "Data" 

<3> 

END 

Result of Interpreting: 

LAMB "LOOP•Semantics (Program) (Data)" 

< 6> 

END 

Degree of Testedness: High. 



6 'TESTED EXAMPLES 

GRAB "LOOP-Parser" 

SYNTAX 

proy :: = read-cn)d "•" cmd•seq If oil write•cmd ' ' 
read-c!nd : :-::: 11 READ" var*·"," ["READ" var*l 

write-cmd ::= "t-iRITE" exp+-", " ["WFITE" exp+J 

cmu-seq : : = cmd-seq "•" cmd {cmd•seq "•" crndl ' ' cmd cmd 

cmd :;= var 11! =" exp I 
"TO" exp "DO" cmd I 
11 (" cmd•seq ")" cmd•seq 

exp ::= exp add•op exp•a I 
exp•a exp-a 

add•op === ''+" I "-" 
exp-a ::= exp-a mult•op exp-b I 

exp-b exp•b 

mult•op === "*" I "/" 

exp-b : ; = var I 
nu m 

var : : = "VAR" q q 

nu m : :::. "NUW' n n 

DOMAINS 

cmd-seq, cmd Cmd; 

exp, exp-a, exp-b Exp 

add•op, mult-op Op 

I 

! 

01 

02 

03 

04 

os 

06 
07 

08 
09 
10 

11 
12 

13 

14 
15 

16 

17 
18 

19 

20 

21 

22 

23 

24 



LE XIS 

program :: = 
word : := 

var :: = 

letter ::== 

word+ 

var 
nu m 
comment 
layout+ 

LOOP 

CONC word+ 

<OUT"VAF", var> I 
<OU'l"NUM", num> I 
<> I 
<> 

letter letter•digit* 
: QUOTE(letter PRE letter•d!g!t*l 

"a" ••• "z" 

letter-digit === "a" ••• "z" I "0" ••• "9" 

num : := digit+ : NUMBER digit+ 

digit === "0" ••• "9" 

comment ::= "C" "M" "T" comment-char* 

comment-char =\= !loll • 
layout :== 

END 

1 
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27 
28 
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33 

34 

35 

36 

37 
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39 

40 



8 TESTED EXAMFLES 

DSL "LOOP-Semantics" 01 

" The "direct" style of semantics is used, to enable comparison 02 
with Tennent•s semantics for LCOP [CACN' 19:81. 03 

Exl,Jressions cannot have side-effects in LOCP. As there are no 04 
d~clarations in LOOP, environ«ents are not used in the semantics! os 

DONAlNS 

SYNTACTIC: 

1-JfOg Proq = 

redd·cmd: Read-cflld = 

write•cmd 'i'Jrite-cmd = 

cmd 

exp 

op 

var 

nu m 

s 
n 
q 

PP := 

cc := 

ee-l 1st 

ee := 

00 := 

Cmd = 

Exp = 

Op = 

Var = 

Nu m = 

SEHANTIC: 

s = 
N 
Q 

Var .. > f.i 

FUNCTIONS: 

Prog -> N* -> N+ 

Cmd -> s -> s 

:= Exp+ -> S -> Nt 

Exp ·> S ·> N 

Op •> <N,N> •> N 

(Read·cmd " ... Cmd "•" write·cmctl 
' ' 

["READ" var*l 

["WJHlE" Exp+l 

[Cmd "'" CrrdJ I (Var ":=" ExpJ ' ("10" Exp "DO" Cmdl I ("(11 Cmd 

[Exp Cp ExpJ .1 [Varl 1 (NumJ 

"+" I "·" I "*" I "I" 

Q 

States 
Numbers 
Quotations 

repeat := N ·> (S ·> S) ·> S 

update-list 

initial-s := s 

update := <Var,N> -> s ·> s 

I 
") "J 

Ob 

07 

08 

09 

10 

11 
; ! 12 

13 

14 

15 

16 

17 

18 
19 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



r 

DEf 

WITH 

LOOP 

pp{read-cmd ";" cmd ";" write•cmdlCn*>: N+ = 
LET 
ALSO 
LET 
LET 
IN 

("READ" var*l = read•cmd 
("WRITE" exp+J = write-crrd 
sl = update-list(var*,n*lCinitial-s) 
s2 = cc(cmd)(sl) 
ee-list(exp+)(s2) 

CC(Cmd0)(S); S : 

CASE cmdO 

/[cmdl ";" cmd2J •> 

/[var ":=" expJ •> 

CC(Crnd2)( CC(Cmdl)(S) 

LET ~ = ee(expl(sl 
IN u~date(var,n)(s) 

/["TO" exp "DD" cmdl -> LET n = ee(exp)(s) 
IN repeat(nl( cc<cmd) )(s) 

/["(" cmd "l"l •> cc(cmd)(s) 

ESAC 

WITH ee•list(expO+)(s): N+ = 
CASE expO+ 

l<exp> -> <ee(eXp)(s)> 

/exp PRE exp+ •> ee(expl(sl PRE ee·list(exp+)(sl 

ESAC 

WITH ee(expO)(s): N = 
CASE expO 

/[expl op exp2l ·> LET nl = ee(exp1)(s) 
ALSO n2 = ee(exp2l(sl 
IN ooCop)Cnt,n2) 

/[varJ ·> content (var) (s) 

/[numl ·> num : N 

ESAC 
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10 TESTED EXAMPLES 

WITH OO(Op)(n1,n2l: N = 

CASE op 

ESAC 

WITH 

WITH 

;ut" ·> nl PLUS n2 
;n..,tt -> nl I'll NUS n2 
!"*" ·> nl MULl n2 
;n;n ·> nl DIV n2 

repeat(n){c:CS ·> S))(s): s = 

n I::Q ? -> ? , 
n EQ 0 -> s, 
repeat(n MINUS l)(C)( C(S) ) 

update-listCvarO*,nO*)(sJ: s = 
varO* EQ 0 -> s, 

gives 

gives 

? if 

? if 

SIZE 
LET 
ALSO 
IN 

var PRE var* = varO* 
n PRE n* : nO* 
update-l!st(var*,n*l( updateCvar,n)(s) ) 

WITH initial .. s : S ::: 

LAr~ var. ? 

WITH update(var,nJ(s): s = 
s \ var <- n 

WITH content(var)(s): N = 

scvar) 

IN pp :(Prog -> N* -> N+) 

END 

n2 greater 

n2 is zero 

than n1 

60 

61 

62 
63 
64 
65 
66 

6) 

68 
69 
70 

71 

72 
73 
14 
75 

76 

)7 

Ja 

79 

80 

81 

82 
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11 

PL 

ThiS example deals With a Cnot very) original language designed for use in 
connection with a course on denotational semantics (using Joe Stoy•s book). 

The students were given the abs.tract syntax of PL, and the PL-Machine 
(auxiliary functions) -- they had to work out and test the rest themselves. 
There were some difficulties in the beginning, in getting the PL•Parser to 
produce the correct labels in the parse•trees. This was due Cin part) to 
the fact that lde and Num are handled differently here, compared to the 
Lambda•CalculUS with Atoms, WhiCh was used as the initial exercise. 

Example Program: 

BEG 

IN 

END 

CON n = 27; 
VAR a : = 0 

WRITE n; 
WRITE a; 
a := n; 
WRITE a; 
BEG 

IN 

VARa:=O; 
VAR n. := 0 

WRITE a + n; 
a:=a•1; 
n := .. 2; 
WRITE a t n 

END; 
WRITE a; 
WRITE n 

Example Data; 

LAMB "Data• 

<27> 

END 

Result of Compiling and Executing: 

LAMB "PL•Semantics(Program)(PL·Machine)(Oata)" 

< "27", "O", "27", "O", "•3", "27", "27", "Terroinated OK"> 

END 

Degree of Testedness: Medium. 



12 'IESTED E:XAMPLES 

GRA~l "PL•Parser" 

SYNTAX 

cmd : := "B~GIN" cmd•seq "ENC" I 
"B~G" ~ec-seq "IN" cmd•seq "ENC" 1 
ide ":=" exp I 

cmd-se'l : := 

dec•seq: :: = 

dec : := 

exp :: = 

"IF" bool•exp "DO" crod I 
"WHILE" bool•exp "DC" crrd .I 
"BREAK" I 
u;.;RITE" 

cmd•seq 
cmd 

dec-seq 
qec 

II(QN" 
"VAR" 

exp 

11;" 

"•'' • 

ide 
!de 

cmd I 
cn,d 

dec I 
dec 

"=" exp I 
":=" exp 

bool-exp 
bool-exp 
int-exp 

"·>" exp ", exp 
bool-exp 1 
int-eXf 

I 

bool-exp : := bool-exp-a log-op bool-exp-a I 
int•exp rel•op int•exp I 
bool-exp-a bool-exp-a 

bool•exp ... a ; := "TRUE" I 
"FALSE" I 
ide I 
"(" bool-exp ")" bool-exp 

int•exp : := int•exp ... a 
int-exp•a. 

1nt•exp-a ::= num I 
n .. n 

!de 
nu m 
I 

"READ 11 I 

I 

int-op int•exp-a ./ 
int·exp-a 

"(" int·exp 

!de : := "IDE" 

nu m ::= "NUN" 

log-op ;;:;:::: "&" 

rel"'OP === "<" 

in t-op === "+" 

DOI~AINS 

cmd•seq, cmd ; Cmd 
dec-seq, dec : Dec 

q 

n 

I "I" 

I "=" 
I ....... 

exp, bool•exp, bool-exp-a, 
log-op, rel•op, 1nt•op 

q 

n 

,I "*" 

1nt-exp, int-exp-a 
Op 

Exp 



LEX IS 

prog : := 

symbol : := 

identifier 

numeral : := 

lower === 

digit === 

layout === 
comment =\= 

END 

: := 

~L 13 

symbol+ CONC symbol+ 

identifier <OUT "IDE 1
', identifier> I 

numeral <OUT "NUM", nuweral> I 
layout+ <> I 
"!ft comment* :<> 

lowert QUOTE .lower-+ 

digit+ NUMBEF digit+ 

"a" • • • •'z" 

"0" ••• "9" 

" " I CC"C" I CC "L" I ccupn I CC"T" 

CC"C" I CC"L" I CC"P" 



H 

DSL 

DUNAltJS 

cmd 

dec 

exp 

ide 

num 

op 

a 
c 
d 
e 
i 
k 
l 
n 
q 
r 
s 
t 
V 
X 

cc := 

dd := 

ee := 

IN 

TESTED E:XAI'!PU.::s 

"PL-Semantics" 

SY!JTACT IC: 

Cn;d = [Cmd '''" Cmdl I ' (''BEGHJ" Cmd "END" J I 
[''BEG" Dec "IH" Cmd 11 END"J I 
(!de ":=" Exp) I 
["IF'' Exp "DO" Cmdl I 
l ">miLE" Exp "DO" Cmdl I 
("BREAK"] I 
["WRITE'' Expl 

Dec = (Dec "•" Dec] ' ["CON" I de "=" 
("VAR" I de ":=" 

Exp = {t::xp 11.,.>11 Exp " 
(t:xp Dp ExpJ I 
("TRUE") I 
("FALSE") I 
[Numl I 
{"'"'" Numl I 
("READ"] I 
(!de) 

I de = Q 

Nu m = N 

Op = 11&" I "I" j 

"+" I "-" I 

S£MANTIC: 

A 
c = s -> A ; 
D = E I [Cl 
E = V I tLJ 
I 
K = E -> c 

I 
lxpl I 

' 

Expl 

" Expl I 

"<" I "=" I 
"*" 

Answers 
comrr,and Continuations 
Denoted values 
Expressed values 
Inputs 

• 

L 
expression Kcntinuations 
Locations vf- lf_sw;)g)-. ,.frrf 

N 
Q 
R = I de 
s 
T 
V = (NJ 
X = R -> 

FUNCTIONS: 

Cmd -> R -> 

Dec -> R -> 

EX~ -> R -> 

-> D 

I ( ''•" 
c 

c -> c 

X -> c 

K -> c 

Nl 

Ndtural numbers 
Quotations 
envH<onrr.ents 
States 
Truths 

! 
i!:,-.4;- <:'' '?:' }; ~;;:,'M,9./f' 

I [Tl ; ! storable Values 
! declaration Xontinuations 



PL 

LAl~ cmd •. To give this segment the correct functionality tor 
use with the compile co~rrand ! 

LAM < 

>. 

DEF 

CASE 

I 

I 

I 

I 

I 

I 

I 

I 

ESAC 

PRIMITIVES: 

wrong (Q -> C), 

op-val (Q -> _(V,V) ->K->C), 

new-loc (K -> C), 
content (L ·> K -> C), 

. update ((L,V) -> c -> 

read (K ·> C), 
write (V ·> c -> C), 

exec ((R -> c ·> C) 

MAIN SEMANTIC FUNCTIONS: 

CC(CmdO)r;c c = 

cm dO 

[cmdl 11 ••• cmd2l -> ' 
["BEGIN" cmd "END"] -> 

["8EG 11 dec "IN" cmd "END"l -> 

{ide ••:=" expl -> 

{"IF" exp "DO" cmdl ·> 

•.. ["WHILE" exp "DO" cmd] -> 

["BREAK"] -> 

["WRITE" expl ·> 

C), 

-> I -> A) 

ccccmdllr; cc{cmd2lr; c 

cc(cmd)r; c 

dd(dec)r; LAM r•. cc(cmd)r"; c 

CASE 
I [ ll ·> 

I d -> 
ESAC 

r (ide) 
ee(exp)r; LAM v. 
update(l,v); c 
wrong"ide:=exp" 

eecexp)r; LAM Ltl. 
(t -> CC(Cttd)r, LAM c•. c'); C 

LE'I r• = r \ "BREAK" <• {c] IN 
FIXLAM c•. 
ee(exp)r; LAM [tJ. 
t ·> ccCcrrdlr'; c•, c 

CASE r("BREAK") 
/le#] ... > c• 
I d -> wrcng"BREAK 11 

ESAC 

eeCexpJr; LAM v. write(v); c 

15 



16 TESTED EXAMPLES 

WITH dd(decO)r; x c = 

CASE decO 

I [decl ";" dec2l -> dd(decllr; LAM r·. dd(dec2)r'; x 

I ("CON" ide "=" expl -> ee(exp)r; LAM v. xCr\ide<•v) 

I ("VAR" ide ":=" expl -> ee(exp)r; LAM v. 

ESAC 

WITH ee(expOlr; k 

CASE expO 

I {expl "•>" exp2 

I Cexpl op • 
exp2] 

I [
11 TRUE"l ·> 

I ["FALSE"} ·> 

I rnuml -> 

I [" ..,11 numl ·> 

I ["READ''] ·> 

I [!del -> 

ESAC 

IN 

END 

c = 

" " • 

·> 

new-loc; LAM [1). 
update(l,v); x(r\ide<·£11) 

exp3J .. > 
ee(expl)r; LAM {tl. 
(t -> ee(exp2)r, ee(exp3)r); k 

ee(expl)r; LAM vl. 
ee(exp2)r; LAM v2. 
op•valCopJCvl,v2J; k 

k[TTl 

kJFFl 

LET n = nuro IN k[nl 

LET n = nu m IN k["- .. nl 

read; k 

CASE r Cl de J 
I [ll ·> content_(!); k 
I [ t l ·> k[tJ 
I Cnl ·> k Cnl 
/["-~~nl ·> k ["·"nl 
ESAC 

(I •> AJ 



DSL "PL-Machine" 

DOMAINS 
d A = Q* ; 
c c = s -> A 
d D 
e E = V I ELl 
i I = N* ; 
k K = E -> c 
l L = N ; 
m M = L -> V 
n N 
q Q 
r R = ? -> 0 ; 
5 s = <M, L, I> 
t T 
V V = [NJ I ["-" 

LET wrong(q)s : A = 

<"Error: ", q> 

DEF op•VQl(q)(Vl,v2);K 

CASE <q, vl, v2> 

I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
I 

I 

ESAC 

<"&",[tl],(t2J> -> 
<"/",tt1],[t21> -> 

<"<",[nll,(n2l> -> 
<"<", ("-"nll, [''-"n2l > 
<"<",["- 11ntl,(n2l> -> 
<"<",(nll,["·"n2l> -> 

<"=", tnll, [n2J> 
<"=", ("-"nll, ["-"n2J> 
<''='', C''•"nll, Cn2J > 
<"='',[n1l,t"•"n2l> -> 

<"+",[n1J,[n21> -> 
<"+", ["·"nll, ("-"n2J > 
<"+",("•"n1J,[n2l> "'> 
<"+",(n1l,("•"n2J> -> 

<"•", tnll, [n2l> -> 

<"·", ["-"nll, ["-"n2J> 
<"-", ["•"nl J, [n2l > -> 
<"•",[n1J,["•"n2l> -> 

<"*", [nll, Cn21> 
<"*",("·"n1J,["·"n2l> 
<"*",["-"n1J,[n2l> 
<"*",(nll,["·"n2l> ·> 

? -> 

PL 

Answers 
comn:and Continuations 
Denoted values 
Expressed values 
Inputs 
expression Kont1nuations 
Locations 
Memories 
Natural numbers 
Quotations 
envillonments 
States 
Truths 

Nl I [TJ storable Values 

c = 

LET t : tl AND t2 IN 
LET t = tl OR t2 IN 

LET t = nl LS n2 IN 
·>LET t = n2 LS nl IN 

k [TTJ 
k[FFl 

->LET t = nl EQ n2 IN 

k[FFJ 

Utl 
k[tl 

k [ tl 
k[tl 

k [t] 

LET n = nl PLUS n2 IN 
·>LET n = nl PLUS n2 IN 

op-val("·"J(Cn2J,[nll); 
op-val ( "-") ( [nl 1, [n2J); k 

k[nl 
k.["•"nJ 
k 

nl GE n2- -> 
LE! n = nl MINUS n2 IN k{n), 

LET n = n2 MINUS nl IN k["·"nJ 
·>op-val("•"){[n21,[n11J; k 

LET n : nl PLUS n2 IN k["·"nl 
op-val("+")([n1J,[n2JJ; k 

•>LET n = nl MULT n2 IN 

LET n = nl MULT n2 IN 
n EQ 0 -> k(nJ, k["·"nl 

wrong"'? op•val" 

k[nl 

17 



18 !ESTED EXAMPLES 

LET init·r R = 

LAl-1 ? • ? 

LET init•s(i) : S = 
<~AM l. ?, 0, i> 

LET new-loc(l<) (s) : A = 

LET 

LET <m,l,i> = s 
LET 11 = l PLUS 1 
IN k(llJ<m,ll,i> 

content{l) 0<) Cs) 

L£T <m,l',i> = s 
LET V = m(l) 

A = 

IN (V NE ?l AND (l LE l'l •> k(v)(s), 
wrong 11 ? content .. (s) 

LET update(l,V)(c)(S) : A = 
LET <m,l1,1> = s 
IN l LE 11 ·> c<m\1<-v, 11, i>, 

wrong"? update"(s) 



-

L!:;T read(k) (S) ; A = 

LET <m,l,nO*> = s 
IN 
CASE nO* 
I n P~E n* ·> 
I <> ·> 
ESAC 

DEf write(V)(C)(S) : A = 
quote(V) PRE C(S) 

WITH quote(v) : Q 

CASE V 
I [nJ -> 

I ["-"nl 

I [tl _, 
ESAC 

= 

PL 

k[n}<n;,l,n*> 
wrong"? read"(s) 

-> 

LET NUMBER qt = n 
IN QUOTE qt 
LET NUMBER q* = n 
IN QUOTE("·"PRE q*) 
t •> "TRUE", 11 FALSE 11 

LET exec(f:(R •> C •> C))(i) : A = 

f(init•r)(LAM s. <"Terminated OK">)(init•s(i)) 

IN 

<wrong, op-val, new•loc, content, update, read, wr.1 te, exec> 

END 

19 



21 

M•Lisp 

ThiS description was worked out during a short visit to Edinburgh. The aim 
was to take Hike Gordon's semantics for M-Lisp (in the usual notation) and 
convert it to DSL as simply as possible. 

No problems were encountered -- apart from choosing systematic names for the 
meta-var iables -- and the final product was used- to illustrate a talk on 
SIS. It was not felt relevant to implement all the usual primitive M-Lisp 
operators. 

Note the use of the pretty-printer for the output (5-expressions) the 
LAMB-notation for NODEs makes the original output rather unreadable. 

Example Program: 

label[append; 
\[[ll;l2l; 

(eq(ll;NILJ-> 12; 
T •> cons[car[l11; 

l 
l 

l 
[(A BJ;(C Dll 

append(cdr(lll;l2ll 

Result of Compiling and_ Applying: 

LAMB "M·Lisp•Semantics (Program) (M•.Lisp-Machine) •• 

"(S.S)"NOOE<"A", 
"CS.S)"NODE<"B", 

"(S.S)"NODE<"C", "(S.S)"NODE<"C", "NIL">>>> 

END 

Result of Applying Pretty: 

LAMB "Pretty(M•Lisp-Semantics(Progra~)(M•Lisp-Machine)l" 

<"A", "8", "C", "D"> 

END 

Degree of Testedness: Low. 



22 TESTED EXAMPLES 

GRAM "M·Lisp ... Parser" 

SYNTAX 

form ::= 

case : := 

var ::= 

tunc : := 

!de ::= 

s•expr : := 

s .. expr I 
var I 
tunc "(" form*·";" "l" I 
"[" case*-";" "1" 

form "·>" form 

ide 1de 

.. car" I 
"cdr" I 
"cons" I 
"atom" I 
''eq" I 
ide I 
11\" " [ .. 

"label" 

"ID" q 

" [" . [. 

var*·";" "]" 
["\" var* ";" 

ide ";" func 
("label 11 ide 

q ; 

atom I atom 
11(11 

'(" 
s-expr " " 
s-expr-seq 

s-expr ")" 
")" 

s.•expr-seq· 

s•expr-seq ;:= s-expr s-expr-seq 

":" form 
forml I 
"1 " 

";" tuncl 

I 

11 J 11 

("(" s•expr " " s·expr-seq ")" 1 I 
"NIL" 

atom ::= "AT" q q 

DOMAINS 

form E 
case C 
tunc Fn 
ide F 
var X 
s-expr s 
s•expr•seq s 
atom Q 
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LEX IS 

prog : := symb+ CONC symb+ 

symb : := layout+ <> I 
atom <0UT"A1", a toro> I 
ide <OUT'1 10", ide> 

atom : := u Ud* QUOTE(U PFE ud*l 

ide ::= l ld* QUOTE(! PFE ld*) 

layout === • • I CC"C" I CC"L" I CC"P" I CC"T" 

u === 
ud === 

l === "a" ..... z" 

ld === 

END 
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DSL ~M-Lisp-semantics~ 

DOMAINS ! Syntactic 

e E = (Sl I Forms 
(Xl I 
(fn " {" E* 10] "] I 
(" [" C* fl] "J 

c c = (E "->" El Cases 

fn fn = ["car" 1 I functions 
[ "cdr-" l I 
["cons") I 
["atom"l I 
( "eq" J I 
(f) I 
r ,,, " X* "•" El I ' {"label" f "." Fnl 1 ' 

f F = Q Fn•identifiers 

X X = Q Variables 

s s = Q I s-expressions 
[" (" s " •" s ")"] 

q Q Cuotations 

DOMAINS Semantic 

d D = s I Funval Denoted values 

fV Funval = s• -> s 

r Env = Q -> Env -> D Environments 

Functions 

ee := E -> Env -> s 

ee-s := E* -> Env -> s• 

cc-s := c• -> Env -> s 

ff := Fn -> Env -> Funval 

IN LAM eO. 

LAM <lay: (Env •> X*-> S* -> Env), 
<car, cdr, cons, atom, eq>: Funval*, 
check-s:(D -> S), 
check•f:(D ·> Funval), 
app: (((Env -> Funval), Env) -> Funval) 
>. 



DEf 

WITH 

WITH 

M-Lisp 

ee(e)r s = 

CASE e 

I [S] ·> s 

l[x] ·> %check·s r(x)(rl 

l[fn " [ 11 •• 11) "l ·> tf(tnlr ( ee•s(e*>r 

I[" [11 c* .. ] "l ·> CC•S(C*)r 

ESAC 

ee-s(e*)r s• = 

CASE •• 
I <> ·> <> 

I el PRE el* •> ee(el)r PRE ee•s(et*lr 

ESAC 

cc-s(c*)r s = 

CASE c• 
I <> •> <> 

I [el 11 •>* e2l PRE cl* -> 

ESAC 

CASE ee(ellr 
I "NIL" •> 
I ? -> 
ESAC 

cc•s(cl*)r 
ee(e2)r 
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WITH ff(fnlr funval = 

CASE fn 

/[ 11 car"l -> car 

/{"cdr"J -> cdr 

/("cons"l -> cons 

/["atom"l -> atom 

eq 

I [fJ ·> %check·£ r(fJ(rl 

/["\" X* n;n e) -> 

/[
11 label" f "•" • fnl •> 

LAM s*. ee(e)( lay r x* s* ) 

FIXLAM v:(Env •> Funval). 
LA~ r'. ff(fnJ(r'\f<•V) J %app (r) 

ESAC 

IN ee(eO)(LAM q. ?l 

END 



DSL "M-Lisp-Machine" 

DOMAINS ! SYntactic 

e 

c 

fn 

f 

X 

s 

q 

DOMAINS 

d 

fV 

r 

E = 

c = 

Fn = 

F = 

X = 

s = 

Q 

D = 

[SJ I 
[XJ I 
[Fn "(" E* "l"J I 
£"[" C* "l"l 

[E "·>" El 

C"car"l I 
C"cdr"J I 
["cons"] I 
["atom"] I 
["eq"J I 
[FJ I 
["\" X* ";" El I 
("label" F ";" Fnl 

Q 

Q 

Q I 
["(" s "•" s ")"] 

Semantic 

s I Funval 

funval = S* •> S 

Env : Q •> Env •> D 

! Functions 

M-Lisp 

lay := Env -> X* -> S* •> Env 

car, cdr, cons, atom, eq := Funval 

check-s := D -> S 

check-f := D -> Funval 

app := ((Env -> Funval), Env) •> Funval 
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Forrrs 

Cases 

Functions 

Fn-identifiers 

Variables 

$-expressions 

Quotations 

Denoted values 

Environments 
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DEF 

LET 

LET 

LET 

LET 

TESTED EXA~lPLES 

Env = 

CASE <X*, s*> 

I <<>, <>> -> r 

I <x1 PRE xt*, Sl PRE sl*> ~> 

ESAC 

cares> s = 

LE1 rt : r \ xl <~ (LAM r•. Sl) 
IN la~ rt x1* sl* 

CASE s I ("(" st "•" s2 ")"] ·> sl ESAC 

cdr<s> s = 

CASE s I ["{" sl "•" s2 ")") ·> s2 ESAC 

CQns<s1,s2> s = 

atom<s>: s = 

CASE s 
I QUOTE ? -> 
I["(" sl "•" 
ESAC 

".T" 
s2 ")"J -> "NIL" 

LET eq<s1,s2> ; S = 
CASE <sl, s2> 
I <QUOTE ?, QUOTE ?> ·> (sl EQ s2 ·> "1", "NIL") 
I <?, ?> ·> "NIL" 
ESAC 



LET check:•s d s = 

CASE d 
I QUOTE ? 
I ("( 11 Sl 11 • 11 s2 11 ) 11 ] -> 
ESAC 

LET check•f Q : Funval = 

LET 

CASE d 
I (LAM ?, ?l •> 
ESAC 

d 

app(v: (Env ·> Funval), r) 

v(r) 

IN < lay 1 

END 

<car, cdr 1 C?-ns·,- atom 1 eq>, 
check-s, 
check:.-f, 
app > 
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d 

Env = 
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DSL "Pretty" 

DOMAINS 

s s = Q I 
["(" s "•" s ")") 

0 

DBF 

0 = Q I 
Q* 

pretty(s) 

CASE s 

I QUOTE ? •> 

.a = 

I ["(" sl "·" s2 "l"l ·> 

ESAC 

IN pretty 

END 

s 

LET ol = pretty(sl) 
ALSO o2 = pretty(s2) 
IN o2 IS "NIL" ·> <o1>, 

o2 IS ?* ·> ol PRE o2, <ol,o2> 
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