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Hiding I/O overheads with
Parallelizing Compiler for Media Applications
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In this paper, we propose a novel method which hides I/O overheads in
multimedia applications. We propose a compilation technique which realize
a I/0O task definition, a data dependency analysis among coarse-grain tasks
and coarse-grain task scheduling in order to hide I/O overheads for multime-
dia applications. This paper evaluates processing performance by the proposed
methods on RP-X processor and Xeon server. As a result, the proposed method
attains speedups to 1.5x for AAC encoding program with 4 SH-4A processors
compared with conventional method.
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Fig.1 Example of Hiding I/O Overheads
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Fig.2 Example of Macro-Flow Graph and Macro-Task Graph
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#pragma oscar_hint accelerator_task (accelerator_type) \
cycle (exec_cycle, [trans_mode]) \
[workmem(mem_type,mem_size)] \

[in(in_list)] [out(out_list)] new-line
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Fig.3 Hint directive for OSCAR compiler
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int main() {
inti, a[N], b[N];

#pragma oscar_hint accelerator_task (I0_TASK) cycle(100) in(fp) out(a[0:9])
fread(&a, sizeof(int), 9, fp);
for (i=0;i<9;i++) {b[i] =func(ali)); }

#pragma oscar_hint accelerator_task (I0_TASK) cycle(100) in(b[0:9]) out(fp2)
fwrite(b, sizeof(int), 9, fp2);

#pragma oscar_hint accelerator_task (I0_TASK) cycle(100) in(fp) out(a[10:19])
fread(&a, sizeof(int), 9, fp);

return 0;
}

B4 OSCAR av A4 @ity b 74 L2774 74
Fig.4 Example of source code with hint directives
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for () {
fread();  // 7 7 A IVEEdHAF
Encode(); // 7— 5022
fwrite();  // T2 EERLH

}

5 MR AT 4 TUHEDA X =
Fig.5 Generic media application

for (0 {
fread();  // 7 7 A IVERFHAFH X3
Encode(); // 7—5 032 1
Encode(); // 7— 2032 2
Encode(); // 7— %2032 3
fwrite();  // T—2EERAH X3

}

B 6 MKES 22O rovDV—T7ra—) vy

Fig. 6 Unrolled version of generic media application
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(fread), FEAAATET —% QM (Encode), WHFAT—5 D7 7 A V¥ AT LT
WA ZNDEEFH L (fwrite) 2NV — 72 AT 7 L —L07% OB THEBNIZTS. 20
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ZITIMBIEES 27 DF —N—~y FREMT 272012, 7 74 VA %8O 7L H
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ZU, PRERA MY — AUBE TR S TR ZEOTWS (K8). &k, KsitswT
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for () {
// group1
fread();  // 7 7 A IVEiHAIH X3
Encode(); // 7—2 5031
Encode(); // 77— 2432 2
Encode(); // 7— 5203 3
fwrite();  // T—2BERHP X3
// group2
read(); /77 A IVERIHIAFH X3
Encode(); // 7—5 503 1
Encode(); // 7— 5203 2
Encode(); // 7— %2503 3
fwrite();  // T—R2FERAH X3

}

B 7 1/0 %227 #2EEL HMELIHLOZdDOV—TTra—) v )

Fig.7 Unrolled version of generic media application considering I/O parallelism

Encode Encode Encode

fwrite

B8 I/O #A7Diiflitz5RE L 728690 MTG
Fig.8 Example of MTG and schdeduled result of I/O parallelization
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FaLv T4 7ERAAT S,
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int i;

for (i =0; i < Nframe; i++) { TAIVRINVY
readFrame()); M/S A7 LA
Encodel(i); INTRVEFBE
writeFrame(i); 27

}

B9 AAC =va—F DA X =
Fig.9 AAC encoding scheme
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128[kbps] TH Y, F19 BDOAF LA PCM F—FBASE L THS
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SEBUERT, RARHRECHFER L 2 EREEN L F 27 RP-X I8 % SH4A % 4
IT7RERICE 2 SMP €= F D 2 DOBET, 2NENI1/0 2E4di 7 v T LFETHRH
DI % T o7z, HBEICBI 289 A= %2E1ITRT.
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Table 1 Evaluation environment
Intel Xeon X5365 Renesas/Hitachi/Waseda RP-X

Xeon X5365 SH-4A
CPU (3.00GHz x 4) (600MHz x 4)
L1 D-Cache 32KB / 1 core 32KB / 1 core
L1 I-Cache 32KB / 1 core 32KB / 1 core

L2 cache 4MB / 1 core N/A
SH C Compiler

Native GNU + OSCAR API standard
Compiler C Compiler verion 4.3.2 Translation
Compile

Option -0O3 -fopenmp

A AIBIEUZ B L TlE, Xeon ¥ —3— kLTl C SiED fread, fwrite BEZ L 72,
RP-X ETIE7 7 A NS AT LIEFERET, XBVANDY—F/F74 FEhoTndid, Bl
FERa A b ERET L LOICANEH IO aA Mz va—FERABEDa A M E L,

3.3 Intel Xeon X5365 tTOMEEFT

[ 10 12 Xeon X5365 - COMERERHIAE R Z 23, X 10 12& Wil 7 a & v SRR
T, mCPU /& CPU 27 m AR &ERE L HEHLAZ L2RT, fithi: 1ICPU TD
FATIRFRNC AT 2 m LR ch 5, K11 kD, 2CPU BWTI/0 I &k 35k Tb %
WA 1.45 5, To 861 1.52 f5 & 4.8%DMREm F, 4CPU K8 \WT, 1/0 itk 3
& ML E T 2 IGEI 2.67 %, [ToRGE1X 291 572D 89%E o7 T &
Hirs,

3.4 RP-X ETOREF

X 111 RP-X L CoOMRHIFEREZ RS, K11 12Tl 7 v+ v yRiK T, mSH
13 SH-4A a7 m #EZFHHER E LCHA L2 £ 257, fitlid 1SH ToRTR I
THHEAEETH S, K11 &Y, 2SHIZEWT /0 I X 2WFILEITHh R VEEIE 1.23
i, o775 413 1.62 5L 31.7%DMEREA L, 4SH ICBWT, 1/0 12k 3 X 25 {b% T
bROEEIE 1.58 %, To75813 234 5% 0 481% M o 2 Ebh 5. £,
X 1212 4SH DFED A7 Y 2 =) v ZHER 2R T, K12 3 m»RETH H, g
I CPURERLTEY, MBICAT P2 -y 7/EINT03 I ebd b, £k, 23T
WARZT/O A7 D7 va—Y v %7 LT, WHIV—72HPTILETIO%ED
R —=7 YT 4 OEGVHIFTE 2.
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Fig.10 Evaluation result on Xeon X5365
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11 RP-X LCoPkAgaHilifg R
Fig.11 Evaluation result on RP-X
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SH#0 SH#1 SH#2 SH#3

fread

fread | Encode| Encode| Encode

Encode| fwrite | Encode| Encode

fwrite

12 RP-X @ 4SH A A7 ¥ 2= v ZfEHR
Fig.12 Scheduled result for 4SH on RP-X
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DIREZRTo 7. ATETIE, WHHba v 4 IR T RS 27 75 791, 1/0
YA RERL, AT a—Y I EITH) T ETI/O WS LEY 2 785 DMHIFETE
"R LT 5. AAC v a—¥%HOiHliokiE, Xeon X5365 T4 250 CPU % Hw
7t WEEOFE L R U CROK 8.9% DR B, RP-X T4 2D CPU ZH\w»
75A, WHEOTEE L TR 48.1% DM EA L2585 Z & 2R L 7.
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TRESI N, MRZZRTT2ICHD), BELAT7 PN ZAZEWL 70wy 7 FRRED
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