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Source-level parallelization system for CPU/GPU combined heterogeneous
architecture

Baba, Takanobu
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Valgrind

The increase of transistor count allows us to implement multicore-CPU and
GPU combined heterogeneous architecture on a single chip. We have designed a source-level loop
parallelization system framework for the heterogeneous architecture. Following the designed
framework, we have developed a path and data-dependency profiling tool using Valgrind. By applying
the system to benchmark programs, we have clarified the characteristics of each loop of the programs
and showed that we can utilize the profiled results to determine the parallelizing scheme on
heterogeneous architecture
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400a6f: 41 8b 06
400a72: 85 c0
400a74: 74 59

400a76: 48 63 bc 24 ¢4 00 00
400a7d: 00

400a7e: 83 3¢ bd ¢0 17 60 00
400a85: 00

400a86: 48 89 be 24 ¢0 00 00
400a8d: 00

400a8e: 74 3f

mov  (%r14),%eax

test Y%eax,%eax

je  400acf <try+0x5ff>
movslq Oxc4(%rsp),%rdi

cmpl $0x0,0x6017c0(,%rdi,4)

moy  %rdi,0xe0(%rsp)

je  400acf <try+0x5ff>

4002a90: 48 63 84 24 ¢0 00 00
400a97: 00

400a98: 83 3¢ 8500 18 60 00
400a9f: 00

400aa0: 48 89 84 24 d8 00 00
400aa7: 00

400aa8: 74 25

400aaa: 48 63 44 24 54
400aaf: 83 7c 24 54 07
400ab4: 8b 94 24 b8 00 00 00
400abb: 89 14 85 80 17 60 00
400ac2: 0f 85 82 00 00 00

movslq 0xcO(%arsp),%rax
cmpl  $0x0,0x601800(,%rax,4)
mov  Y%rax,0xd8(%rsp)
je  400acf <try+0x5ff>
movslq 0x54(%rsp),%rax
cmpl  $0x7,0x54(%rsp)
mov  0xb8(%rsp),%edx

mov  %edx,0x601780(,%rax,4)
jne  400bda <try+0x67a>

400ac8: 83 05 al 0c 20 00 01

400acf: 83 84 24 b8 00 00 00
400ad6: 01

400ad7: 49 83 ¢6 04

400adb: 83 84 24 ¢4 00 00 00
400ae2: 01

400ae3: 83 ac 24 ¢0 00 00 00
400aea: 01

400aeb: 83 be 24 b8 00 00 00
400af2: 08

400af3: 0f 85 76 T fT T

addl  $0x1,0x200cal(%rip) # 601770 <solution>
addl  $0x1,0xb8(%rsp)

add  $0x4,%r14
addl  $0x1,0xc4(%rsp)

subl  $0x1,0xc0(%rsp)
cmpl  $0x8,0xb8(%rsp)

jne  400a6f <try+0x59£>
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Path0

400a6f 400act

Count = 2388, Instruction = 9

Path1

400a6f 400a76 400a90 400acf

Count =222, Instruction = 17

Path2

400a6f 400a76 400acf

Count = 420, Instruction = 13

Total Count =3030

Path0 — Path0

r14 Write = 400ad7 ( 4) — Read = 400a6f ( 0)
Path0 — Pathl

r14 Write = 400ad7 ( 4) — Read = 400a6f ( 0)
Path0 — Path2

r14 Write = 400ad7 ( 4) — Read = 400a6f ( 0)
Pathl — Path0

r14 Write = 400ad7 (12) — Read = 400a6f ( 0)
Pathl — Pathl

r14 Write = 400ad7 (12) — Read = 400a6f ( 0)
Pathl — Path2

r14 Write = 400ad7 (12) — Read = 400a6f ( 0)
Path2 — PathO

r14 Write = 400ad7 ( 8) — Read = 400a6f ( 0)
Path2 — Pathl

r14 Write = 400ad7 ( 8) — Read = 400a6f ( 0)
Path2 — Path2

r14 Write = 400ad7 ( 8) — Read = 400a6f ( 0)
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Loop #1
Start Address = 400797

Path0

Block Seq. = 400797

Count = 730041600

#ofInst. =8

# of Iter. Per Loop = 292

Total Count = 730041600
Reduction

Reg =xmm0 Inst. Addr = 4007aa

Dependency

Path0 — PathO

rax Write = 4007ae ( 5) — Read = 400797 ( 0) // Induction
Overlap Inst. =8
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Do

for (j = 1; j<= lastrow-firstrow+l; j++) {
sum = 0.0;
for (k = rowstr[jl; k < rowstr[j+1]; k++) {
sum = sum + al[k]*pl[colidx[k]];
}
wljl = sum;

}
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**Loop Number 1*x

--loop 1--

Loop’s start address = 4012ef

Number of Iteration Per Loop = 125

Execution Count = 3767400
PathO

Block Seq. = 4012ef

Number of Execution = 3767400

Number of Instruction = 31

Dependency -- mem --
PathO -> PathO

ffefffda8 Write = 40134a ( 22) -> Read = 4012ef ( 1)

8d6080 Write = 401342 ( 21) -> Read = 401336 ( 19)

Dependency -- reg —-—
PathO -> PathO

No

--loop2--
Loop’s start address = 4012c8
Number of Iteration Per Loop = 1398
Execution Count = 69899

PathO

Block Seq. = 4012c8-4012ef-(1b:4012ef)-4012ef-40136d
Number of Execution = 69899

Number of Instruction = 3978

Dependency -- mem --
PathO -> PathO
ffefffdac Write = 4013a9 (3971) -> Read = 4012d4 ( 3)
Dependency -- reg —-—
PathO -> PathO
No
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