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Abstract:

extends our previously presented intraprocedural monadic slicing to handle procedures. It presents backfilling labels based monadic

Program slicing is a technique for simplifying programs by focusing on selected aspects of semantics. This paper

approach to compute static slices of a program with call-by-value-result procedures. It first uses some given labels to initialize the
monadic slices of the corresponding formal parameters at the beginning of a procedure; then analyzes this procedure through in-
traprocedural monadic slicing methods, whose slice result can be used to obtain the dependences among the parameters. It lastly ob-
tains the final slice tables by backfilling the corresponding given labels. The algorithms in this paper make the best of the slice result
from intraprocedural monadic slicing algorithms, without the need of a characteristic graph, a system dependence graph, or similar
intermediate structure. They can also address calling-context problem through the dependence relations among the corresponding pa-
rameters . Furthermore, they reserve the excellent properties of compositionality and language-flexibility from intraprocedural monadic
slicing algorithms.

Key words:  monadic slicing methods; modular monadic semantics; interprocedural programs; dependences among the param-

eters ; compositionality
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VI : ide : Ide (BRIRAT )5 1: Label (F5%5 ) 5 e: Exp (3520 5 loc: Loc (F7]
#) 5 v: Value ({H35)
HMRIETL S = ide: = 1. el Sy S, | skip | read ide | write [, e |ifl. e then
Si else S, endif |while /. e do S endwhile
158 St 2 = Stmu—> ComptM () E: : Exp— ComptM Value
Slide: =1.e]={v<—E[I. e};loc*lkanv( ide , rdEnw) 5 updSto ( loc , re-
turn v) § S[S158,] = 1S[8:15S[S, 11 S[skip] = return ()
S[if i. e then S; else S, endif] = {v<—E[I. e];ease v of u—>S[ S, ]; [~
S[8, 11
S[while [. e do S endwhile] = Fix (Af. {v<—E[l.e];ease v of tt—>f* 5
[S];ﬁfﬁmtum()f)
Slread ide ] = { loc<—lkpEnw (ide , rdEnw ) ; v<—getValue ; updSto (loc , return v) |

S[write [. el = {v<—E[l.e]; putValue(return v) |
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Syn(s, L) = case s of
“ide:=1.¢";
“8158,7;

“skip” :

“read ide” :

“« . »
write [. e :

“if 1. e then S; else S, endif”:

“while I. e do S endwhile”:

if /€L then “ide: = 1. ¢” else ¢
Syn(Sy, L) ; Syn(S,, L)

e
if ide€ {viU _%JIR%(I. e)then “read ide” else €

if vE€ Refs (1. e) then “write L. e” else €
if (Syn(Si,L)=Syn(S,,L)=¢) (L€ L)then e
else “if . e then Syn(Sl,L) else Syn(Sz,L) endif”
if (Syn(S,L)=e)A(lglL) thene
else “while [. e do Syn(S, L) endwhile”

B2 Syn(s, L)HE X



% 8 M

0 — B R ] B Rk 1459

L'={11Uru( Hywlkpsmr,gezsm) (1)

3T G PIPEL BAEER K Labra T A 1E 3041
Tk T — A BN AU R a8 RB RS %5 R LAREF 1Y
R B3 SO S, 45 5 HEARUEL (coalgebraic ) F12K J&
(generic) &, SCRPE AT A, HELBHE 500 Haskell,

4 SEEIRBSH

H TR RO R FERRA O T 7
PP 3] FH 0 2 50 A% 388 T 5 | S I B AR s @ i T 4
Jr 8 e A T 5 | %) 000 S . 1 5 e 9 52 Bt
JeAREE A B B R T TR A TR T Z A
I SE PR S R S A B 0 TR F BV — AT R
PR SHS SR S 8C e i o 72 L X LRI R T
RIS UL X =F0 in . out A in out, 43 % N FH#%
o S55 H - 258 A 5 28 4% out 3 in out 7 1
BRI, RVFE TR WATE S #1718 0, 51 A 1
TSR, TS e 8 R AR Y oA DG B Y) . A
JAB R TAE R —DNIE S5 S S W 4 S EAE B, R
FEPHAT b 78 v 2% o 9 PT RE O, AR — 4 out
5 in out ZEL, WA in 280 K BRI B 52— ik
J A R0 3R [EELAE D — A out ZEUE I A L F
1 in out 2 HfL % 7 2. HRB 570 A, o T
SDG [, i A S E R PRI G R, FE R
TR actual _ out ZEUHN actual _in MK &R .

5 FREBEFUREZX
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(s)Nx€ Def(s)H x WE LG T y BES.
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s B2 AR Def FUKHISE Dep.
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I BE It 2
if x€ Def(P) then ¥ a A x TR AL S
Def(s) = Def(s)Utal; % Dep(P,x)=1{ylly€ lpSli(x, Tproc),
y NP HIES -/ SRR R
if y€& Dep(P,x) then % b %jy of N SE S
Dep(s,a)=Dep(s,a)Uibl;
end if;
end if;
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&% if Tproc - P H% then

--// P R E I

for PEAIES x do % In N x WFRFENRS ; updSli(x, 11, ], getSli) ; end for;
for P WYEEZRIEA] s do if s AXTRET Q MIREIIEA] then 2 Tproc - Q R Q MR G VI 355
P& Tproc _ Q FIGAHL 2 FRBL s AL R 3E SLEE Def FUKHILE Dep ;
if @€ Def(s) then % x A a MW AITES: sfor all bE Dep(s,a) do ¥t y 7 b XN HITES ;
AR (DI Ly = BpSti(h, gerSE)U{ITUL;

updSli (a , (UpSli( x, Tproc _ Q) — il}})ULb,getSli);

end for; end if;
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else L 1 X} s AT AR B T-Y) R 2087 s end if 5 end for;

Tproc _ P<—getSli; else
T<—getSli;
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updSli (%, ( lkpSli(x, getSli) - { l},‘r YU Ly, getSli) ;

end if; end for; Tp - P<—getSli;
end if;
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LD TR (e, 40D,y LD ] R FREF Add A AT
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FAH, v o b At B AL A5 2 H PR R A s 1 )
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TR Main Z A0, ST R £ 1 H s b
Tproc _ A AP 3% Main B2 P 3474381, 325 while 7§
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F1 AEDH Main BFETHTIA &
Var Labels
a {lx, ly, 17, 18, 25, 31}
b Iy, 17, 31}
x v, Iy, 17, 25}
y {1y, 18, 25, 31}
z {1y, 18, 25, 31}

VB3 : arg : Arg (B ; proc : Proc GIF) NGB : D : = procedure ide(argl, -, argn) is S

S::=call [.ide Cidey, *,ide,) | as before - 1B X F7FE: D+ : Dec—> ComptM Env
D [procedure ide(argl,-++, argn) is S]
= {let proc = X loc,**+ loc, . { o<=rdEnv; o' < { atdEnv (arg, , lhpSto (loc,) , 0) ;
-5 xtdEnv (arg,, , lkpSto(loc,) , p) | inEnw p' S[ S 15 updSto (loc, , lkpSto (lkpEnvCarg, , rdEnv) ) )
*5 updSto (loc, , lkpSto ( lkpEnv(arg, , rdEnw) ) | ; stdEnv (ide , return proc, o' |
Slcall 1. ide (idey, **+, iden)] = | locy<—lkpEnv (ide, , rdEnw) ;++*; loc,< lkpEnv (ide, , rdEnw) ;

proc<—lkpEnv (1. ide, rdEmw); proc (locy,**, loc,) |
3 DU -5 R B e Wil 5 R i X

program Main is procedure A (x, y:in out) is procedure Add (a, b: in out) is procedure Inc (z:in out) is
var sum: Int; var x: Int; var a: Int; var z: Int
var i: Int var y: Int var b: Int begin
begin begin begin 31 call Add (z, 1);
4 sum := 0; 17 call Add (x, y); 25 a:= a + b; skip
5 i:=1; 18 call Inc (y); skip end
6 while i < 11 do skip end
7 call A (sum, i) end
endwhile
end
Kl 4 — bR SR e
Var Labels
@ Var Labels z {25,31,1}
a |{251,1,} Tproc_Inc
CA b ay Var Labels
Tproc_Add * 17,251, 1}
Add y | {18,25,31,1}
YEHF: Addd—Inc—A—Main Tproc_A

Bs E4RFRERERLHDF

Be TERFKAKRAMERTIARERERS)



FKIW ]  — T R ) U 5k 1461

R2 SMERARFERREVRR

Var Labels
sum {4,5,6,7, 17, 18, 25, 31}
i {5, 6, 7, 18, 25, 31}
a i4,5,6,17, 17, 18, 25, 31}
b {5, 6,7, 17, 31}
x {4,5,6,7, 17, 18, 25, 31}
y {5, 6,7, 18, 25, 31}
z {5, 6,7, 18, 25, 31}
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