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A Functional Programming Language for Software in-the-Large

Minoru Nitta Koji Torii
Software Research Associates, Inc Osaka University
Software Engineering Laboratory Faculty of Engineering Science

Recently, some attempts to introduce the formal aprroach into software dvelopments are being
carried out. We also have developed a functional programming language applicable to software in
~the-large. Function;l languages are useful and effective in laboratories, but there have been
few cases of that they have been used for the industorial software developments. The reason is
that they have some unsuitable points for the real software developments. We have devised some

notations to serve the system resource access and to reduce the description size, as well as we

have enhanced the static checking facility which comes from the nature of functional languages.
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typedef int 22 I ;
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/% BABKODER ¥/

putAt(int%[10] array,int index,value) == array@[index]:=value ;

/% BB ¥/
foo(intx[10] array) == putAt(array,100,0) ;

/% B2RMEBIBBDFICH > TVBI LHHMICRIHTEL L &/
bar(int*[10] array) == putAt(array,value=>100,index=>0) ;
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struct [state s.int i} compare(state s)

with FORK # struct [state sl,s2} Fork(s),

OPEN! % struct {state s,int fd) open(FORE.sl, filel"),
READ] # struct {state s,int i} read (OPEN1.s,OPENI.fd),
CLOSE1 # state close(READ1.s,OPEN1.fd),

OPEN2 % struct {state s,int fd} open(FORK.s2,"file2"),
READ2 % struct {state s,int i) read (OPEN2.s,OPEN2.fd),
CLOSEZ ¥ state close(READ2.s,0PENZ.{d),

JOIN ¥ state Join(CLOSEl.s,CLOSE2.s),

NAX & max(READ1.i,READZ.1)

{JOIN NAX)

/% OPEN1,READ1.CLOSE] & OPENZ,READ2,CLOSEZ %, BhSr - BFICHMIRL A 5 ¥/
/% open,read,close,max XBTEJREINTVWEHDETS &/
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state main(state s0)

with INIT ¥ state initial(), :
PROCI # struct {state s,int i} process1(INIT),
PROC2 § state process?(PROC1.s,PROCI.i),
FINAL # state final(PROC2)

== FINAL

state initial() == struct (state s,int fd) openFile().s ;
struct [state s.int fd) openFile() == struct [state s,int fd} open(s0,"file") :
FD == openFile().fd : /% LIKE FD (3. openFile().fd L E XMb 3 %/

struct (state s,int i} processl(state s) == read(s,FD) ;
state s process2(state s,int i) == write(s,FD,i % 2) ;
/% openfile().fd Z{AESBML TH open(so, file”) BF—EUMFME NIV ¥/
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state hello(state s) == state printf(s, hello¥n"):external :

struct {state s,int i} read(state s,int fd)

wzth READ % struct (state s,int cc,intk[1] i) read(s,fd, (1nt*[1]) 4):external
IREAD s, READ.i[0]) ;
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/% BIBOBNLE S AN EIRE O MR A 1T75 S B +/
pax(int i,j) == if i > j then i else j ;
max{real a,b) == if a > b then a else b ;

/X AT ¥ 8 FNIEEIBE BB ¥/ |
print(state s,string m) == printf(s,"%s".m) :
prin}(state s,string m.int length) == printf(s. %s",nl0//length])
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/% BIBOF I r—-bickd bl ¥/
typedef any myType :
nyType max(nyType x.y) == if x > y then x else y ;
/% EBOEBR ¥/

foo(real a,b,int i,j) == real max(a,b) * int max(i,j) :

/% ERI N IEMDOER ¥/
int max(int x,y) == if x > y then x else y
real max(real x,y) == if x > y then x else y ;

—&k&&ﬂaﬁkmﬁﬂbéhnoﬂ@Mﬁﬁﬂ< 88 Ui BEMoBRNSERTE
BEND, akanciTld,. COEHIREELDO1=HITIFOMMOERSL [for-do-next | G5 > HEE
R BMEND B, E

/% FOR-DO-NEXTH)Z I\ 7o b L DFEEE %/ o
real sum(real*[10] a) == real for i=>0 do if i < 10 then pext(i + 1) + ali) else 0.0 ;

/¥ EREIhIBROERELLR &/
real sum(realx[10] a) == sum_1(0,a) ;
real sun_l(int i,real®[10] a) == if i < 10 then real_1(i + 1.,a) + ali] else 0.0 ;

4.4. 70 v 7 8

akane DTS AR TOy JHEXEAWTWL DI 7oy 738+ 3 ¢4 TCE& 3, 7
oy 27 OFEEAIR. Yoy JEEXNLROTuy JEEXOHET, $3VRT075 LOKRY
ETTH 5, 570y 7ORMETERI L LMHERZEO Ty 7 ItPiRT 3, RIi53Tavy 7
T4 M. BIME LTI MOM - BOMAEXE—TLHELLEVY, 53 Tav2h5
oray 7 BT 3MENESRT I, TOMMOFTMT 3 7oy 782 EELETAE
K51V,

TuyS5 LRI SBRAO Ty JEEXNRANSETR, 0Ty 7&.%3?&[,7&‘:‘@

—129—



HTHD, CCTERENAMBIREDT oy JIZbFMLEVL, ChoDUBIRESAS LT
Oy JEBEBELEVTBRININ, Tho EMBE. 3IMOM - oA ¢ UMRER
DTOy ) TERTDIIERTELN,

Ty IRTFAR— P THBLETFTILHTESZ, S5AX— I Tov 7i3MA
DA YBIBERD, TOFIMBEDO SOy 7 ZHIBMT 3MMBISHLTF 7+ L FEIMEN B,
TI3AR=-METay JROA A YEMAOMMKI, HEICRBRBTEZM, Tuy 7455
RERBRINDZZEREL AL VHABEBUTEBENES, 1241

struct {real sum,ave} main() == struct (real sua,ave) main(3.2,4.8):num :

private block num ;
struct (real sum,ave)
main(real a,b) == (real sum().real ave()) :
sum() == 2 ¢+ b ;
ave() == (a+b) /2 ;
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