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ABSTRACT

This study is aimed at construction of a translator for a functional programming language. For this
goal we define a functional programming language which has lazy semantics and develop a translator
for it. The execution model selected is the G-machine-based combinator graph reduction. The translator
is composed of 4 phases and translates a source program to a C program. The first phase of the transla-
tor translates a source program to a enriched lambca-calculus graph, the second phase transforms a
lambda-calculus graph into supercombinators, the third phase translates supercombinators to a G pro-
gram and the last phase translates the G program to a C program. The final result of the translator, a
C program, is compiled 10 an executable program by C compiler. The translator is implemented in C
using compiler development tools such as YACC and Lex, under the UNIX environments. In this paper
we present the design and implementation techniques for developing the translator and show results by
execuling some test problems.
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(Table 1) The syntax of the source functional program-
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= SubMiranda > =" - equations > ‘)" - expr >
< equalions > 1 = <"equation™ | < equations> < equation
- equation™ 1I-=<id> . parameters - < equation body >
< where clause >
< equation body > ! . ‘=" <expr . < guard >
<guard™> Il=¢ " < boolean expr > < equation body >

< where clause> ::=¢ | 'where' ‘I" < equalions™> *}’

<. parameters > 1! : < parameter - | - parameters >
< pardmeter »
< parameter > I =g | <id™ | YC cid » < uples > *)'

+ luples > “tuple > | ~“tuples - " tuple >

< tuple > to<id
coexpr™ Il =elexpr™ < arithmetic op > < expr | < expr
<list op> < expr> | ‘# < expr>
| < id™> < function call argument > | = constant = |
(O oexpr )L list e
<lst> 1= <list element > ") {‘null’ | id> T
< list element™ Iz expro> | list element>."<list element >
| < list element > " < list element >
< funtion call argument™ 1 =¢} ‘(- argument list> ‘)’
Targument list™> II: <expr> : < argument list> <expr>

“hoolean expr> I = <haolean expr < logical op >
< hoolean exp > | *~"< hoolean expr >
‘(" boolean expr =*)" | < hoolean term >

< hoolean term™> .= Pxpr \'relau’onal op> <expr>

-~ arithmetic op > ZZ'— | S s

<list op™> I=th 4ttt

< logical op> ::='and’ | ‘or’

<relational op™> = = LT e 2 ST e e =T e =
ad> = <’Ieller>l <letter™> | < digit > }*

< constant > ={<digit™>}*
< letter > : —[af/]\[.f\ =z’
< digit>=['0"-
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(Fig. 4) The abstract node structure of the AST

{fxy=glx)+y
where { g = h(x)
where { hx =y + x }}
M1 1)

(28 5) o Z2a3
(Fig. 5) An example program
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BEGIN:

PUSHGL.OBAL ¢ Prog . EVAL; PRINT |

END

GLOBSTART (- 0 2

ALLOC 2; PUSH 2; PUSH 1 ; MKAP 1 ; UPDATEZ ; PUSH 3 ;

PUSHGLOBAL \DD MKAP 1; UPDATE || PUSH 3,
EVAL; GET |

PUSH 3: PUSH 3; MKAP 1 EVAL; GET; ADD; UPDINT
5. POP {1

RETURN |

GLOBSTART C -1 0]

PUSHINT 1: PUSHINT 1; PUSHGLOBAL C--0; MKAP 2
UPDATE 1 POP O

UNWIND ;

GLOBSTART C--Prog 0:
PUSHGLOBAL C--1: EVAL; UPDATE 1 POP 0
UNWIND ;
(218 12) $HAu|Wiole C 0off st G-7{Aiof
2
(Fig. 12) The G-code program for the supercombinator
in (Fig. 11)

A|Hat 0] Mrandall G- 2|H| 7|8t ¢z Hg 739

44 THAl 4: C T2 HYT|

G-71Alo} ZEads Cg HYsls
o2 93l G-7|4Y 5 848 e go| A}
et éél Oor ¥R E, Z= C& C A9
o o2, 29 S F3F vzy We wES,
gl FHoz2 7S, HZ De

o2 Aagth G-71Ae =21y
o] 3 BE FolA 3 M T WA RES
main g2 AT, A HA FELS F3FP
vlylolEjujct shutel C 42 FAHY, ¢ ¢

wAlolch.

int C—0( ), C—1( ),
e ey */
int(*SuperComb{ D( )={C~-0, C—1, -, C--Prog} ; /* $H#HH)
diolel $+ & & AY Pof */
int SuperArgs[3]=1{2, 0, ... 0
LR

#include “g—dellib.h” /*etol 8 elg] Fel*/
main{ )/*BEGIN*/

{

v C—Prog( )5 /* FaFedolH gl

D/ EngudolE Pae vhels

begin—of —session();

/*PUSHGLOBAL C—Prog*/

sp+ +,

stack[sp).right = make—t—cell{ —comb) :

stack[spl.right — >v.ival =2,

JAEVAL*/

switch(stack[sp].right — >tag) {
case—apply : /funwind*/--
case—comb . /*COMB 0 C™*/---

default : /*built-- in Comb*/
break;

}
J*PRINT*/
built—in—comb—print( } ;
/*END*/
end—of —session{ ) ;
return ;

}

C—0( )/*GLOBSTART C—0 2*/
{

/*2(rearrange stack)*/
stack[sp—0].right =stack[sp—1]. rlght —>right ;
stack[sp—1].right =stack[sp ~ 2 ).right — >right ;

C—1¢) {1}

C—Prog( ) {-}

(128l 13) C m=2a3e =
(Fig. 13) The structure of the C program
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# include < stdio.h >

# include <string.h >
#define—false 0/*gl1 Ho*/
#define—true 1

#tdefine-—add 0

#define—div 1

/AR e ol ¥ g He ZaEEIY*/
int add( ), div{ ), mult( ), sub( }, and( ), not{ ), or( ), ee( ),
ge( ), gt ), le( ),
1t ), ne( ), cons( ), head( ), mm( ), pp( ), sharp( ), subs( ),
tail( ), if—( ), k—2—1( ), k—2—2( );
/g gdole ¥4 TaE AE Yo/
int(*Comb[23])( )= {add, div, mult, sub, and, not, or, ee, ge, gt,
le, It, ne, cons, head, mm, pp, sharp, subs, tail, if—, k—2-1,
k—2—2} ;
/A A/
typedef struct cell {
unsigned char tag ;
union {int ival ; char cval(8] ;} v
struct cell *left ;
struct cell *right ;
} Cell, *CellPtr ;
/AR d Yot/
Cell stack[stacksize] ;
Cell *tmp ;
int itmp ;
/roimel el g Yot/
Cell *get—cell() (-}
Cell *make—a—cell(atom) char atom[8] ; {---}
Cell *make—i—cell(ival) int ival ; -}
Cell *make—t—cell(tag) unsigned char tag ; {---}

/* AL ol g5 ot/
begin—of —session( ){--+}

end—of —session( ){---}
runtime—error(string) char *string ; (-}
debug—routine( ){---}

/U duldlolElol e g Per/
built—in—comb—print( ){.-}

print( ){---}

eval( ){---}

add( ){-}

K—2—2( ){--}

(38 14) 2loj=2{z| BEl
(Fig. 14) Library routines
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C--0() /*GLOBSTART C.—~0 2*/
{
/*2(rearrange stack)*/
stack[sp—07.right = stack[sp— 1 ].right ~ >right ;
stack{sp— 1 ].right = stack[ sp— 2].right — >right ;
/*ALLOC 2%/
Sp++,
stack[sp).right =get—cell( ) ;
sp++
stack[sp].right = get—cell( ) ;
/*PUSH 2*/
sp+ + ;
stack[sp].right =stack[sp—2— 1 L.right :
/*PUSH 1%/...

/*MKAP 1%/
tmp=make~t~cell(—apply) N
tmp ~ > left = stack[ sp].right :
tmp — >right =stack[sp— 1 ).right
stack(sp— 1)right=tmp ;
sp——:
/*UPDATE 2%/
stack[sp—~2].right - >tag=stack[sp].right — >tag ;
switch(stack[sp].right~ >tag) {
case—int :
case—comb : stack[sp—2].right - >v.ival =stack[sp].
right -- >v.ival ; break ;
default : strepy(stack[sp—2).right - >v.cval,
stack[spl.right — >v.cval) :
1
if (stack(sp].right — >right) stack[sp— 2].right — >right=
stack[sp].right— >right ;
if (stack[sp].right— >left) stack[sp - 2).right — >left =
stack[sp]l.right — > left ;
sp——
/*PUSH 3%/...

/*PUSHGLOBAL ADD*/

sSp+ +

stack[sp].right = make —L —cell( —add) :
/*MKAP 1%/-..

/*CPDATE 1%/

/*PUSH 3%/---

/*EVALY/

switch (stack{sp].right - >tag) |



case -—apply : /*unwind*/
while (1) {
sp-~ ;
stack[sp].right =stack[sp— 1 ].right
- >left ;
if (stack[sp].right— >tag !
=—apply) break ;
i
switch (stack[sp].right— >tag) {
case—int |
case-—atom !
case—nilt :
case—colon : break ;
case--comb : itmp = stack[sp].right
— >v.val |
SuperComb{itmp] ( )
break;
default : itmp =stack[sp].right — >tag ;
Comblitmp] ( )
]
i
break
case—comb : /*COMB 0 C™*/
if (Super Args[stack[spl.right — >v.ival] =
= 0)
SuperComb( stack[sp].right — > v.ival]
[S 2
else { }/*COMB K C*/
break ;
case - int :
case—atom
case—nilt :
case --colon !
default : /*built —in Comb*/
break
!
AGET*
if (stack[sp].right = =NULL)
stack[spl.tag= —nilt ;
else |
if (stack[sp J.right - >tag= = —int)
stack[sp].v.ival =stack[sp].right — >v.ival ;
else strepy(stack[sp].v.cvalstack([sp].right — >v.
cval) |
stack[spltag=stack[spl.right - >tag ;
stack[spl.right =NULL
!

S*PUSH 3%
“*PUSH 3%
;‘A‘-h’\' AL*/
SGET*

*ADD*

sla]ck[sp = ].v.ival = stack[sp].v.ival + stack{sp — 1 .v.
val |

sp- -

/*UPDINT 5%/

/*POP 4%/

sp—=4;

/*RETURN®/

return ;

(18] 15) C 0off Ci8t G-7|H|0f RElof chst C g
(Fig. 15) The C function for the G-code routine C.0
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(Table 2) Execution time for example programs
Execution speed(secs)

Test Program Average | Maximum | Minimum | Variance
Ackermann 1.231 1.373 1.142 0.0047
Dacsum 2.939 3.363 2.680 0.0444
Fibonacci 0.008 0.008 0.007 | 0.0000
Hanoi 2.685 2.965 2.506 0.0217
Hosum 3.605 5.256 3.226 0.1798
Tak 5.493 5.962 5.222 0.0507
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Appendix 1. G-machine state transition rules

1) <0, BEGIN:C, S, G, D>=<0,C, [ L[ ][ 1>

2) <0, PRINT:C, n:S, G[n=INT i], D>
=»<0:1,C S, G, D>

3) <0, PRINT:C, n:S, G[n=ATOM a], D>

=<0:a,C S G, D>

4) <O, PRINT :C, n:S, G[n=CONS n, n.}, D>= <0,

EVAL : PRINT : EVAL:PRINT : C.n i n;: S, G, D>

<0, EVAL:C, v:S, G[v=AP v n], D>

=<0, UNWIND:[ . vi[ L, G, (5 C):D>

<0, EVAL:C, n:S, G[n=COMB 0 C" ], D>

=<0,C [ hn:[ 1,G (5 C):D>

<0, EVAL:C, n:S, G[n=INT 1}, D>

=<0,C n:S G, D>

8) <0, EVAL:C n:S, G[n=ATOM a]. D>
= <0,C n:S G, D>

9) <0, EVAL:C, n:S, G[n=CONS n, n.], D>
= <0,C n:S, G, D>

10) <O, EVAL:C, n:S, Gln=COMB K CJ, D>
=2<0,C n:S G, D>

11) <O, UNWIND:[ 1 n:[ 1L G[n=INTi], (5C):D>

=<0,C, n:S, G, D>

<O, UNWIND: [ ].n:[ ] G[n = ATOM a],

5,0 :D>=<0,C, n:S, G, D>

<O, UNWIND: [ ], n:[ ], GIn=CONS a, n.],

(S, Cy:D~>=<0,C n:S, G, D>

<0, UNWIND:[ }, v:S. G[v=AP v n], D>

=<0, UNWIND : [ ], v :v:S, G, D>

<O, UNWIND:[ ], w:wi. 20 S, Glv, = COMB

k C,v,= AP v, n. (1<i<k)], D>

=<0, C nindaonceS, G, D>

<0, UNWIND:[ ) wewvi.ov [ ], Glw=COMB k

C 1. (80 {axk}—><0, .5 G, C D>

17) <O, RETURN [ ) vwoieall 1 G (§C):D>=
<0, C, v .S, G, D>

18) <0, JUMP L:.. LABEL L:C, S, G, D>=<0, C,
S, G, D™

19) <0, JFALSE L:C, true:S, G, D>=<0,C, S, G,
D>

20) <O, JFALSE L.
<0, C S, G D

21) <0, PUSH k :C, n,im .

5

[

6

~l
~ ~

B w Do
~ ~ ~

w
<

o33

LABEL L:C, false:S, G, D> =

:n S, G, D> =<0, C,

nolne o 0S5, G, D>
22) 70, PUSHII\T LGS, G, D> =<0, ¢, n:S, Gln
INT i], D™

23) <‘O. PUSHATOM a:C, S, G, D>=<0, C, n:S, G
[n= ATOM a], D>

24) <0, PUSHGLOBAL (:C, S, G, D> =<0, C, n:5,
G{n = COMB {], D>

25y <0, PUSHBASIC i:C, S, G, D> =<0, C, i:5, G,
D=

26) <0, PUSHBATOM a:C, S, G, D>=<0, C, a:8§,
G, D>

27) <0, POP k. C, nin.i..0
G, D> .

28) <O, UPDATE k:C, noimin: n:S, G, D> =<0,
C,omies S, Gln=G n¢l, D>

20) <0, UPDINT k:C, i:n:.: m:S, G, D>=<0, C,
mis mt S G =INT 1), D>

n:S, G D>=<0,C S,

RI0IEH2 0404 Miranda@! G- 717 718h B0t JHEE 743

30) <O, UPDATOM k:C, a:m:..! i8S, G, D> = <0,
C, nie: mt S, G{ny=ATOM a}, D>

31) <0, ALLOC k:C, S, G, D> =<0,C, m I nl.l nyl
S, G[n, = HOLE, -, n, = HOLE], D>

32) <O, HEAD:C, n:S, G[n=CONS n, n,], D> = <0,
C, n:S G, D>

33) <0, TAIL:C, n:S, G[n=CONS n n], D> = <O,
C, n.:5S, G, D>

34) <0, NOT:C,i:S, G, D>=<0,C (!1):S G, D>

35) <0, ADD:C, i:i:S, G, D>=<0,C (i~ iS5

G, D>

36) <0, SUB:C, i :6:S, G, D>=<0, C, (i—i) 15,
G, D>

37) <O, MULT :C, i :::S, G, D>= <0, C, (i*i) 1S,
G, D>

38) <O, DIV:C, i:0:S, G, D>=<0, C (i) 1S, G,
D>

39) <0, EE:C, ii:k:S, G, D> =<0, C, (i==0) 5,

G, D>

40) <O, NE:C, i:i:S, G. D>=<0, C, (it = i)y s,
G, D>

41) <0, GT:C, i i.:S, G, D> =<0, C, (i>i) ! S, G,
D>

42) <0, GE:C, i i:S8, G, D>=<0, C, (4>=i):5
G, D>

43) <O, LT:C,i:i:S, G, D>=<0, (, (<) 1 S, G,
D>

44) <0, LE:C, 4 :h:S G, D> =<0, C, (L<=1i) 'S,
G, D>

45) <O, OR:C, i :5:S, G, D>= <0, C, (il i) IS,
G, D>

46) <0, AND:C, iy:5:S. G, D> =<0, C, (L& &) .
S, G, D>

47) <0, MKAP:C, m:m:S, G, D> =<0, (, n:S G
[n= AP n,n;], D>

48) <O, MKAP K:C, noimil » 0 S, G, D> = <0, C,
vt 0 S, Gloe= AP mi~ny v, = AP v 0o, (1
<i<k)], D>

49) <O, MKINT:C, i:S, G, D>=<0,C, n:S, Gn=
INT i], D>

50) <0, CONS:C, n,:n.:S, G, D>=<0,C, n:S, Cln
=CONS n, n;], D>

51) <0, GET:C, n:S, G[n=INT i}, D>= <0, C, i:
S, G, D>

52) <0, GET:C, n:S, Gln= ATOM a], D> = <0, C,
a.S, G, D>

Appendix 2. G—machine compilation rules

In the following rules, p is a function which takes an identi-
fier and returns a number giving the offset of the
corrensponding argument from the base of current context
and d is the depth of the current context minus one. { denotes
program —drived or built—in supercombinator, x denotes for-
mal parameter or local variables, and E denotes a curried ex-
pression.
F[SCDef] generates code for a supercombinator definition
SCDef.
FIlf x1 x2-- xn = E] =
n, x2=n—1, .., xn=1] n

GLOBSTART f n; R[E] [x1=

R{E) o d generates code to applay a supercombinator to its d
arguments.

R[i]) pd=B[i] pd ; UPDINT (d+1) ; POP d ; RETURN
R[a) pd = Bla] pd ; UPDATOM (d+1) ; POP
d; RETURN
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R[f} od = E[f] pd ; UPDATE (d+1) ; POP d ; UNWIND
R[x] pd = E[x} pd ; UPDATE (d+1) ; POP d ; UNWIND
R(HEAD E) pd = E[HEAD E) pd ; UPDATE
(d+1); POP d ; RETURN
R[TAIL E) pd = E[TAIL E) pd ; UPDATE (d+1) ; POP
d ; RETURN
R[~E) pd = B[~ E) pd; UPDINT (d+1) ; POP
d ; RETURN
R[+ E/ E:.}) od = B[+ E E,) od; UPDINT
(d+1); POP d ; RETURN
similary for —, *, /, and, or,
==,!=, >, < »>= and <=,
R[CONS E, E.]p d = E[CONS E, E:le d ; UPDATE
(d+1); POP d; RETURN
R[IF Ec Et Ef} pd = Bltkc)e d: JFALSE L ; R[Et)e d ;
RETURN ; LABEL L ; R[Ef]o d
R“‘L‘ Ezlp d= RS[En IZ.'] pd 0
Rlletrec D in E]lod = C{D]p d ; R[E)e d :
where (¢ ,d )= X[Dlpo d
RS[E]p d n completes a supercombinator reduction, in which
the top n ribs of the body have already been put on the stack.
RS constructs instances of the ribs of E, putting them on the
stack, and then completes the reduction in the same way as R.
RS[f}e d n = PUSHGLOBAL f ; MKAP n ; UPDATE
(d—n+1); POP (d-n) ; UNWIND
RS[x]e d n = PUSH (d—p x) ; MKAP n; UPDATE
(d~n+1); POP (d—n) ; UNWIND
RS{HEAD Eled n = E[E)e d ; MKAP n ; UPDATE
(d—n=+1) ; POP (d—n) ; UNWIND
RS[TAIL E]lp d n = E[E)e d; MKAP n; UPDATE
(d—n+1) ; POP (d—n) ; UNWIND
RS[IF Ec Et Ef)o d n = BlEc]p d ;: JFALSE L1 ; RS[Et)p
dn; JUMP L2 ; LABEL L1 ; RS[Ef)pd n; LABEL L2
RS[IF E)e d n = B[E)p d ; JFALSE L1 ; PUSHGLOBAL
K-2-1; UPDATE (d+1) ; POP d ; UNWIND ; JUMP
L2 ; LABEL L1;
PUSHGLOBAL K-2-2 ; UPDATE (d+1) ; POP d ;
UNWIND ; LABEL L2
RS[E, E:]Jod n = C[E.)p d ; RS[E\]o (d+1) (n+1)
E(E)p d evaluates E, leaving the result on top of the stack.
E[i)e d = PUSHINT i
Ela]p d = PUSHATOM a
E(f}p d = PUSHGLOBAL f; EVAL
Elx)e d = PUSH(d—p x) ; EVAL
E[(HEAD E)p d = E[E]p d ; HEAD ; EVAL
E[TAIL Elo d = E[E}e d ; TAIL ; EVAL
E[~E]e d = B[~E)p d ; MKINT
E[+E E;Jed =B[+E, E,} o d; MKINT
similary for —, *, /, and, or, ==, | =, >,
<, >=and <=.
E[CONS E: E;)p d = C[E;)po d ; C[E/]e (d+1) ; CONS
E[IF Ec Et Ef]pd = B{Ecle d ; JFALSE L1 ; E{Et)p d ;
JUMP L2 ; LABEL LI ; E(Ef)p d ;: LABEL L2
E[E, E;)Jod = ES[E, E,}pd 0
ES[E}e d n completes the evaluation of an expression, the top
n ribs of which have already been put on the stack. ES con-
structs instances of the ribs of E, putting them on the stack
and then completes the evaluation in the same ways as E.
ES{f)o d n = PUSHGLOBAL f ; MKAP n ; EVAL
ES[x)od n = PUSH (d — ¢ x) : MKAP n; EVAL
ES[HEAD E)od n=E[E]e d ; HEAD ; MKAP n; EVALES
[TAIL E)pd n=E[E)pd ; TAIL ; MKAP n ; EVALES
[IFE E E)edn = B[Eclpd ; JFALSE L1 ; ES[Et)e
dn; JUMP L2 ; LABEL L1 ; ES[E/]pd n; LABEL L2
ES[IF E)o d n = B[E)p d ; JFALSE L1 ; PUSHGLOBAL

K-2-1; UPDATE (d~1) ; POP d ; UNWIND ; JUMP
L2 ; LABEL L1 ; PUSHGLOBAL K—2-—2; UPDATE
(d+1); POP d ; UNWIND ; LABEL 1.2
ES[E, E.Jod n = C[E))o d; ES[E)e (d=1) (n=1)
B(E]o d evaluates E, leaving the result on top of the stack as
a naked basic value.
Bli]ed = PUSHBASIC i
Bla)od = PUSHBTOM a
B[~ Elod = B[E)e d; NOT
B(+E: E.]Joed = B[E,)p d ; B[E\)o (d~1) ; ADD
similary for —, *, /, and, or, ==, 1=, >,
<, »>= and < =,
B[IF E. E, EJo d = BlEc)e d ; JFALSE L1 ; B[Et)e
d; JUMP L2;
LABEL L1 ; B[E,]Jp d ; LABEL L2
B{Elod = E[E)pd ; GET
C[E)o d constructs the graph for an instance of E in a con
text given by pand d. It leaves a pointer to the graph on top
of the stack.
C[i]e d = PUSHINT i
Clale d = PUSHATOM a
C(f)po d = PUSHGLOBAL f
Clx]p d = PUSH (d o x)
C[E: E.Jed = C{E,Jo d ; C[E.)o (d~1) ; MKAP
C[D]}e d takes mutually recursive set of definitions D). con
structs an instance of each body, and leaves the pointers to
the instances on top of the stack.
Clx,=E .. x,2=E.]Je d = ALLCC n;C{E o d ; UPDATE
n ;.. C[E.)Jed; UPDATE 1;
X[D]e d returns a pair (¢, d') which gives the context
augmented by the definitions D.
X[x1=E.. x,=E,)pd = (p[x1=d+1 .. x,=d~n], d~n)

Appendix 3. Test programs
1) Ackermann
{ackermann m n = n+1, m==
= ackermann (m—1 1), n==0
= ackermann (m—1 ackermann (mn—1))
} ackermann (3 3)
2) Dacsum
{sum low high = low, high==low
= low +high, high==low+1
= sum(low mid) + sum(mid~1 high)
where | mid=(high+low)/2 }
! sum (1 10000)
3) Fibonacci
{fibx y n=y, n==0
= fib (y x+y n-1)

1 fib (01 20)
4) Hanoi
thanoi f s t n = move (f s), n==
= append (hanoi(f t s n—1)
move(f s) : hanoi(t s f n—1))
where{
append (a:x) y =a.y, x==null
= a:@append(x y)
move x y = (10*x)+ y
}
} hanoi (1 2 3 10)
5) Hosum
{sumlnts m = sum(map(addone count(1)))
where

{



count n = null, n>>m
= n:count(n+1)
map f (1:1s)=null, I==null
= f(1):map(f ls)
addone x = x~+1

}

sum (I:ls)

0, l==null
1, Is==null
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! sumlints (10000)
6) Tak
{tak x y z=2, ~(y < x)
= tak (tak(x—1y 2)
tak(y—1 z x)
tak(z -1 x v))
| tak (18 10 6)
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An Interactive Multi-View
Visual Programming Environment for C+ +

Geunho Jeong't Chae Woo Yoo''t Hoo Bong Song'''

ABSTRACT

This paper describes the intractive visual programming environment using multi-view which
shows the tools of visualization for class and the visualizations for called member-function flow
in C+ + language. This research defines new visual svmbols for class and constructs interactive
visual programming environment of various views by using visual symbols. Our proposed interac-
tive multi-view visual programming environment can represent visualization for representation of
class and execution relationships between objects In the object-oriented language, which is easy
to understand the structure of object-oriented program, therefore our proposed interactive visual
programming environment enables easy program development, and can use of education and
trainning for beginner in useful,
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