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Dependence Analysis and Class Design for Exploiting Implicit
Parallelism in C++

Deuk-Young Hwang' - Oh-Jin Kwon''- Young-Gun Choi''!

ABSTRACT

For the parallel execution of C++ program i is required for the restructuring compiler to collect summary information
generated by function calls. It is not so easy to find summary information between called methods and extract
parallelism for using object reference parameters and returning object reference method.

This paper presents an annotation mechanism which helps the parallelization of a sequential C++ program. GERINFO
and SEQ clauses are adopted, respectively, to describe parallel and sequential relations between methods within a C++
class interfaces. Explicit parallel information heing provided, a restructuring compiler then proceeds an efficient program
parallelization. Parallel code translator converting C++ program into parallel code is implemented using the dependence
analysis method described in this paper.
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class ArravClass |
int size:
int *ip;
void check{int)
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GERINFO .......... END:
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void partition(SET ObjectPATH, Element Delimeter.
SET Cset, SET Mset):
SET next(SET X):
Boolean state_data_dependence_check{SET e, SET ¢l
void GERINFO static_analyzer(SET ObjectPATH)
{
SET Cset, Maet:
partition{ObjectPATH.
for every e € Cset do‘
il ((el = next{e) e Cset) and next{e) = NULL )
if (state_data_dependence_check(e, el))
Message(" 43 © H2E o8} el7kle AF HolEe|
fét F&o] E4iTL):

"' Cset, Mseth:

end if
end if
end for
for every e € Cset do
for every el € Mset do
if (!state data_dependence check(e, el})
Message("7A3L © HAZ o8} el7olT AE) Holol
hek 0] glek"):
end for
end for
} /% End Of GERINFO static_analyzer */
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class Check 1
int  CFlag:
int  DFlag:

public:
GERINFO Add, Sub: Sang END:
void Add(} | Cflag += 1)
void Sub() { Cflag -= 1: DFlag—: }
void Sang() { DFlag++: }
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int SEQ POS(char *s, SET ObjectSEQ):
char *ADD_Element(SET ObjectSEQ, int index):
BOOLEAN Compatible{SET Temp, SET ObjectSEQ):
SEQ Analyzer (CALL_GRAPH CG. SET ChjectSEQ)
{
SET Temp:

for every noe CGINET (1=i—edge numper, m -~ Nuwle
number) do
index = SEQ POS(n:, ObjectSEQ):
Temp = ADD Element{OhjectSEQ, index):

end for
if’ (Compatible(Temp, ObjectSEQ))
return 1.

else  return 0:
}

4% 5ol ohel Tzade Ade BE €NE
el Asllell 58 pA £ 4dE 53

YPE= S Open—Read—Close, T: Open—Close
-Readd W, TempdTL 18T 29 Fafo] o3
S MAE Open: OTHER: Close, T A#%E Open:
Close: OTHERZ} i€k mebx) 8 A= Objec
tSEQElYl #7198 w=Ash 2A T A ¢£A47F o
2ol A& 4 5 Uk
class DEFFILE {
public:
SEQ Open: OTHER: Close END
Opent): Read(}: Write(): Close():
}:

main()
{
DEFFILE S, T:
3.0pent): S.Read():
S.Clese():
T.Open(): T.Close():
T.Read():
}
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Foll 5 A0l E5UA oldAE 4P C++
#
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i, E Ur EH— Figns “’5}03]1 V. =(OBJECT)
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SET Subtract{SET ObjectPATH, SET Temp):

vold Order(SET =List):

void Sort{SET =Lis(}):

BOOLEAN after(SET X [TEM YV
HASET X5lel €4 Yoh SAE 73E s EajshA &
o AE gk 4/

function dependence analyzer(SET  ObjectPATH, SET

ObjectSEQ, SET STMT1.C, SET STMTZ.C)

SET Temp. Thin_Set:
ol
A1 for every ¢ € {STMTLC, STMTZ.C) do
if (e € OhjectSEQ) return(FALSE}:
end for
f+2¢/  Temp = STMTL.C + STMT2.C:
/*3%  Order(Temp):
4%/ Order(ObjectPATH):
/#5¢/ Thin Set = Subtract(ObjectPATH, Temp}:
/56%/ if (Thin_Set == Temp)
return{TRUE):
else
return(FALSE):
}
SET Subtract(SET ObjectPATH. SET Temp)
{
SET SubSet;
{or every e € Temp do
for every el € ObjectPATH do
ifle == ell /» ¥YYF HAol SubSete] 5F /

SubSet = el
plse |
if el =="")
SubSet+ =el:
} /*End Of Else %/
end for
end for
if {after(SubSet, ")) /+ A= o dgolg] %7 +/
SubSet -= "
return(SubSet)
void Order{SET *List)

i
1

Sort(List): /= AHHE $A12 A #/

dElE 3904 dependence analyzer &5y @4
w7y MR wlE gl ObjectPATH. &4 AR
ObjectSEQ. 71Z9] &3 ot &2 g STMT1.C.
STMT2.CE v 73 #3883 A dAolA
] djgt ? %,i}' OTHER Zz2jvlelHd] 43}
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5.5.1 F& EM /g ol & 44 FHAL 9
R & B4 ehaeltel e}
4 YRE offate] o g 44 da oOF 4
W oHRb o Rl wjdel AbE] ol4bg ahye i
magolu),
class ArrayClass {
int size;
int *ip:
void checkiint} {(if (index ¢ & |1 index = sizel | . }}:

public:

GERINFO(getsize, (J, =, -. %,/ ) = ++{(x) END:

SEQ ArrayClass(s>. OTHER: ~ArrayClass END:

ArrayClasslint s2=ARRSIZE) | / 2729 dza)E ip
of @ity x718 /|

ArrayClass(ArrayClass&){ /+ A} A4 2/ )

~ArrayClass() { delete ip: }

3

{ return size.
(ArrayClass

int getSizel)
& b 2
HEY %/ |

ArrayClass& operator=

int& operator()(int! { check{index): refurn iplindex): |
[ AR odate] Aabs oAl W4 ArrayClass ¥4
tempol 4% F uk «/ |

Array(lass operator +{ArravCiassé& [P)
ArrayClass operator-(ArrayClass& 1P}

R H:
R R - B A A AR B i

B

P

ArrayClass operators(ArrayClassd 1D)

10y
L

Al ‘d}'ufms uperatory \ulia,\rL:abb& il

+Hinth:
tempyl-ol

Arrav(iass operator +

! /* prefix

ArravClass operator+ +{):
vold GetDatal) |}
void Display() { ...}

1.

I
int, main()
{
/% CASE 1 #/
for Gint i = 001 (SIZE: i+ 4) |
A1+ Al = Bl + ClL
82 C4 4
]

J+ CASE 2 %/
for (1 = 0.1 { SIZE: i++) |
/81 Alil = B - Clil:
32+ Diii = Bl Cli:

MR8¥ L0 = B+ COT

|
:% weaoll Al A AlSE E5 B gk
CASE (% D9 g BHs

Xy ww

(#2) 8% ¥=28 0138 Z4 24 2y
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EAHE CASE 1 CASE 2
ObiectPATH= {getsize (],+ ./, .71 1{#)} l ObjectPATH={getsizel] +,- %/ = = +(%]}
OhjectSEQ={ ArrayClass(=),” Array Classt | ObjectSEQ=1 ArrayClassix).” ArravClass)
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