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Multi-grain Parallelizing FORTRAN Compiler
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This paper describes a FORTRAN multi-grain parallelizing compiler. The multi-grain par-
allelizing compiler improves effective performance and ease of use of multiprocessor systems
from single-chip multiprocessors to supercomputers. Multi-grain parallelizing scheme realizes
effective parallel processing over the whole program by hierarchically appling coarse grain par-
allelization among subroutines, loops and basic blocks, and fine grain parallelization among
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statements or instruetions in addition to conventional loop parallelization.
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Fig.1 The hierarchical definition of macrotask.
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Fig.2 The hierarchical definition of processor cluster.
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Fig.3 Sub-macro flowgraph.
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Parsing Intermediate Language File

Ct and Data D Analysis
Controlflow Analysis,

Decomposition to Basic Blocks

and Detect Strongly Connected Components
Generating Call-Graph

Datafiow and Data ndency Analysis

Optimization

Constant Prc tion

Loop Decol itioning
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Parallelization
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_Estimating Data Transfer Costs \

[ Static Scheduling of Tasks

Generaing Parallelized Intermediate Language
E5 3IFASZRORRRE
Fig.5 Processing inside middle path.

T
{ ®plain { %% block structure includes all statements
$call { %% "call* subroutine statement
feall (S$2(A1,V1)); %% instruction(CALL S2(Al,V1}
}

$assign { "assign® statement

tassign (A1(V2),C1); u instruction(al(v2)=Cl

$IE ( %% *jmp-if-false® statement
leq (T1,V1,C2); 2% instruction(Tl = V1.EQ.C2)
13€ (L1,T1); %% instruction(IF .NOT.T1 GO TO !label (L2))

2% *jmp* statement

$imp {
timp (L2} %% instruction(GO TO !label(L2})

$label { %% 'label* pseudo statement
tlabel (L1}; % instruction(label)

$call { %% "call" subroutine statement
tcall (S2(A1,V1)); %% instruction(CALL S$2(A1,V1))

$label %% *label*” pseudo statement
label {L2); %% instruction(label)

}

Sreturn{ %% *return® statement

Ireturn (); %% instruction(RETURN}

Ee6 FEDHAM
Fig.6 Intermediate language file generated from FE.
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6 - FEDHAOBROBEESE7 7 1 VB ERT.
K6 @ eplain{...} 370/ I 6&hh b b
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Gblockl(block)( %% block-structure includes all sub-blocks
j @sbl {block) %% SB(Subroutine Block) block-structure
P $call(

tcall(S2(A1,V1}));

}
ebb2 (blcck) €
sass1gn
lassign(Al(V2),Cl);

%% BB(Basic Block) block-structure

$3E(
teq(T1,V1,C2);
1IE(L1, T1);

)]
$3mp{
13mp (L2) ;

} % @bb2
@sb3 (block) {
$label {
!label(L1);
}

%% SB(Subroutine Block) block-structure

$call{
1call(s2(A1,V1));

} % @sb3
8bb4 (block) {
$label (
tlabel (L2} ;

%% BB(Basic Block) block-structure

}
$return(
treturn();

}
% @bb4
} % @blockl

®7 <rugRAs53HE%DO MP 116
Fig.7 Intermediate language file generated after

decomposing MT.
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SIE(

eq(T1,V1,C2};%% T1 = V1.EQ.C2

13£(L1, T1)}; %% IF .NOT.T1 GO TO !label(Ll)
$jmp{

1Imp{L2) ; %% GO TO !label (L2}

}

$1abel

{
tlabel(L2); %% jump destination
3

51ahe1

!label(Ll); %% jump destination
)

8 Skmar 7N

Fig.8 Jmp statement and label pseudo statement.
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eloopl(hlock) i |
2% do-statement
dc(VZ c1,v1,c1); %% DO V2=C1,V1,Cl 1
}
@bbl (block) { %% a basic block of a loop body
sassign( %% assign-statement
1add(T1,AL1(V2),C1);
1add(T2,V2,Cl1) ;

lassign(Al(TZ) T1); %% AL(V2+Cl) = A1(V2) + 1

} %% NO JUMP STATEMENT AT BOTTOM OF THE DO-LOOP
}

E9 DONV—7o#Ees
Fig.9 Do statement.

@loupl(mtS)( ¥ MTS
Sm mp ( "jump-toward-MT* statement
13mp (M6} ; n this MT(MT5) branches to MT6
}
}
8loop2 (mt6) { %% MT6
}

E10 MT Mo5k
Fig.10 Jmp statement among MTs.
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Fig.11 OSCAR’s architecture.
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M 14 FILERXPBOA)IFINDIITIRITFT
Fig. 14 The original sub-macrotask graph inside
FILERX.

B 15 B#ELEI7 FILERX NEORIUSR2T 57
Fig.15 The optimized sub-macrotask graph inside -
FILERX.
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Fig.16 The original sub-macrotask graph inside
STEPFX.
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Fig. 17 The optimized sub-macrotask graph inside
STEPFX.
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#F1 ARC2D 2fHL v VF7 L A v BFRHOHRESTFT
Table 1 Performance evaluation of multi-grain parallel
processing.

Num.PEs/PCs Exec. Time [s] | Speedup
1PE 14802.31 1.00
4PE 1PCx4PE 3970.95 3.37
2PCx2PE 3823.91 3.87

(MDF inside INTEGR)
8PE 1PCx8PE 2546.27 5.81
2PCx4PE 2172.30 6.81

(MDF inside INTEGR)
15PE 1PCx15PE 1982.57 7.47
3PCx5PE 1494.22 9.91

(MDF inside INTEGR)
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L " " 1 " i
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TIME [s]

(a) Gannt chart for 2PCs (each PC has 6PEs)
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(b) Gannt chart for 3PCs (each PC has 5PEs)
E21 INTEGR®1A%L—%3>y® Gantt F¥—F

Fig.21 Gantt chart for a loop iteration inside
a subroutine INTEGR.
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