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JISX0180:2011 “Framework of establishing coding guidelines for embedded
system development” was decided to improve the quality of embeded systems.
Parallelizable C has bee also proposed to support exploitation of parallelism by
a parallelizing compiler. This paper proposes a definition of Parallelizable C by
JISX0180:2011 aiming at the improvement of productivity for embeded mul-
ticore developers with parallelizing compilers. An evaluation has been carried
out using rewritten programs by the defined coding guideline on ordinary SMPs
and a consumer electronics multicore. As the result, 5.54x speedup on IBM p5
550Q (8core), 2.42x speedup on Intel Core i7 960 (4core), and 2.79x speedup
on Renesas/Hitachi/Waseda RP2 (4core) have been achieved, respectively.

1. FUSHIC

FIA AR D B D ) DRk I HBENDORHERIIEC THIAARY 7 b7 = 7 OB &
BELHARLTED, V7 by 7EEECRFEoRE, ROWEON LK E LMEE
HoTWw»3, ZOMEE, FRICCEHBICE2Y 7 27D a—T 4 v 7 {EHEDOBEIC KD
AT 22 E2HME LT, a—0y SOHBEERZHLIC MISRA-C DSHES b,

¥ 7-HATIE, i MISRA-C 2% Lk kT, ETEY 77270y —2a—

Fo#EHFZ270Y 27 b2 0IFHBREN THRICED, Ihza—F4 v 7R L
THETLIECE>TY 7 b7 =7 DmEZMRIL X9 ET2HMDT, JISX0180:2011
AR Y 7 b7 = 7T a—F 4 ¥ ZRI OB TR SEE S hk?,

RIS UK, V7 b7 27DV —Aa—FOREEEO LD a—T 1 v IMEk%E, 7
dEPE, PRSEEE, BehdtE, ROWREOBED SRR L TIRR L TWwa, S50, Ao
JEETIE C FEMHOEMEN L — L 2ER LTV, 7ay =7 FEEFIL, KBRS
T7uY 7 b dH20EMEO DD EAENLEY — 22— FORNEZRERNEHR TS L
LB, EARJIS BkE, ZOBRREREHIC Y eY 27 Fd BBt IcAbE,
=V DIEIERBMA AR & & 2R L T 5

—J, eAFarTuLy FiEH—nN"—PC LB AA, HIAAERICBLWTHAHE
NBXNTHmH>TVBD, REFICZDY 7 b7 2 PEFROMBIE IZE N, BR7O T T LD
HESIUL 2 v 84 12k 20501HkiE, Zhos<vFarrukyyHY 7 b7 27 OERE
HrRECHETZ2EMELTHEASNT RS, L Lads, Ko CEHEIFZzondo
HHEDEE 25, 7ILTY XLZ20HDIWHIESFEL TS, BENFba > <4 Sic
& 21D TE R WAL H B,
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A Y TH% Clean C BHREINT 2D, & 5ic, WHIEMHOBICEICHEE 253>
RA FORA VIR OREEICER L, HEIESHLa v o84 7 502 Lo vwa—
74 v JEE% E® 72 Parallelizable C 2EE I T12Y,
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AFETIE, 2V F a7 2HOHARERICET 205V 7 F 7 = 7 D4R
DOUOEDM %2 HE L, Parallelizable C @ JISX0180 12 & 2 E#{ZIRET 5.,

DUT, 28 2 fifiTld JISX0180 D%, 5 3 ffiiCld Parallelizable C Df#i% 2 h Znid
R 3. % 4 HiTlZ Parallelizable C % JISX0180 2 X h FHEFE L, 5 5 i T Parallelizable
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2. JISX0180:2011 HAHY 7 kDU x PRI} A—F 1 VIRV DIER S L

JISX0180:2011 THIAAY 7 b = 7} a—F« ¥ FBRIOIER T, 1%, HARY 7
FY 27 OWMER EEZENE L, 3—T 4 v VBN OERECIGEHA O FEEREL A Y
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AR JIS HFgIcB T, a—F 4 v LRV — 23— FOMEZE L ODOEHERY
FEEDEZ 5 TH Y, (BT LR oS Ns., chona—F v 7/ EkER
L7 b DD a—F 4 v I L—E L TEREINS, Z2LT, INsa—FT4 v 7 L—)
FEHTZEICED, fliHs0IE 7Y MBL R a—F 4 v I RNERI NS,

KIS HETIE, a—FT 1 v I7EERYa—FT 4 v 7 Vv—vz, SN, RFE BiHE
P, ROGEME & o 2 W ERHEORS D S L Tw 5, FWEREICIIEE O 50
TEY, R@WMIEME, MR, P OBEYE, EXBHERZZRZNET. 351, &
a—F 4 Y EEMEE, a—F 1 VU, KO a—7 1 v v —)uid BEdRgS L BSR4
FEMICENENS, H21E, RLEEECHEEINS THEBEIELL, K& I &
ZOFTHMT 3, L) EEEE%, R1.1 132 OMEEMEICET 5 TEEB ikl <
POMHHT 5, vy EEEMEZ, 2L TRLLLIGEEFEMRLILICBL, CBEOLA
120 THBABIZE SRS 22, XI3EZHEHT 2 ErciEz AT 2, L
IA=T 4 Y ITN—)VEEFNTNERT,
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DR TRHICBIER ORI EEN TW A I L2 IOy P TRLTWS, E6ICZ
DIEH % FHML L 2Rt E LT T oy Z3BL L, Bl 2w, 2E0TE
D, ZnEEMHLLZa—F74 v 7 —iLk LT Tif, else if, else, while, do, for, switch X
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Fig.1 The relationship among quality characteristics, coding conventions, coding rules, and a

coding guideline

DOAREKZ 7Oy 76T 2, LwoBHHEZEDCWS, 2T, a—7« v 7RI SiEMR
3 (KRR, a—T 4 YL IVIEEREIRE L 8D, RIS BT, CFREICHL T
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HE, fER L7z a—7 1 v ZTHRIEEICZ Ch o IGEDWEARMBET 21—
IV, a—=F4 Y IRRNOEE, KOa—F4 v ITHNORE, LouotbongEntnd
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3. Parallelizable C

Parallelizable C (& HENEFI 2 v 84 F12 X 2050 2 f/iB T 270D a—F 4 v~
THARSA v TH B, WHERMBDO7DIZED &) IV — VSRR & 7 2 00%, HBRGS
fba v 34 5 OWHIEMMEEEKET 2. C SiE0%A, JOMFEMEZT ) KL %
BEME LT, KA VIBMOMELIHCSE Z LTk, ZDORA v F BN OREEEDSEFI:
MHEEIC L D b RWEE L 5.2 2. Gk 4) TIRE S N7z Parallelizable C T, DT
D& mBA v YIRS, ROMESEOBITBEZEL T3
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o Fithll & LTk Mz z B ZESA 7Y =7 b & LT, BEAIEENO X N

DANZ T 78
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Th, HIZZ 0 a— P L OEFIERMB O 720 iz b w2l chd h a v 4
WL T —EE 5k,
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REZTHD, KA VIBRIFRIANV— V2L 727 7 2AZ2HE LBV, KL—)L
DL — VORI E R ZNL—LTH B,

2. RV I DF v ARNZTDhRHEW
A BIWERREZBRWT, R4 v 70Xy 2 M RTTbRV, 84 v ¥BHEL 7V =
JbDA 72y bRIELSBITT27-:0TH 5.
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2 ([D WKk bir).
FHREPIL—TATRA Y I EBADEDORAZTOEL
A E Y BIHERIE 2 BR T, SRR L — 7N TR A v Y ERANDEORAZTH
v, KA VYD LIEEZ —BICEDL7-DTH 5.
FR—fEERIC T 2EBORS > ¥ ZEABD3|EE L TESHW
A DM —RICNDE L 24 7%y D7 FLAZBEBOGIHE L TEI 2\, 7K
L, A—EFINTHELZD DRI ThIUIRE, ZhuE, 2005 HDE L%
EMNADA T 27 b ELTIRZ GRS RD1DTH 5.
—BNy 77 ELTHRAYT 3 E—7EEZFEWE S W
t— 7B OMEGE LI, EHEOEROEGEIL X ) SESEEETH b, AEHITERT
DFHEFER E 4 5,
BEFDERITIX VNI T 2RI T7 VA ZTDREW
FLF R v 3% RO MG ORI 2 (T, MERD X I S 5856108, T
DEIBICHEERD 1 RIS 25 8% 51 8E LTHEL, THOBEBEATZD X N
DRFNINDT 7 2 A %479, Uk, FLHITEHRM L RIS, WG X 2 HEOBAIREE
HINTIEIEICHE T 270 ThH 5,
BRAET—I@EZFALEW
Y Z N ARG £ OERN R T — Y BEREDINT & 2 e H B 0NSIIciE, #
NEND T —FHEEIN T 2 B ORFIR A MRNT & RIFR AT FEATE T ADMIRE K 5 7
DTH5.
IEV'H URICIREFED 3 % S ERRAE = (5 L AR Ly
77 ANVARS, =7 —AED, 7477 )V NTHETIREZRS, FOH LEDIER
BIRICHIN D & 2 SHFBIE R A L 2 v, =7 —BE e 75 L 72 wilia o
SHINZ S K D IBT5T 5,
B#HoBRECHLZERALEW
BB TERMN B 2 W IZRIEENICBE D 53, 2 0BIBARZIFOIE v, Eilea—L
75 7WEOREES, RUOXE ) HHRRAMS ) ORI D-HTH S,
BBUR > ZERA L AL
BISOR A v Z I L e, ZHUIBIBOWOH LD N 2 AT SR 72 72 0 TH 5.
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A5 BOMNE Z2 ORI CTER - SRS N2 ZBOMBH WL 7 O L 2w,

4. JISX0180:2011 ZFL\f= Parallelizable C DB EE

41 BEXH &

JISX0180 % JH\>7z Parallelizable C D E#DHEAT E & LT, T TIIA JIS BligIcH
BlDa—=F4 v TN —Hh 55 I EBmICHAT 2. ki, FEEOREVa—
T4 YN =)VICho Gl E N 7’0 77 bix, ZOEFPRENIORENTH D, H
g a v o4 Ik 2 70 75 LT (RRICR A ¥ ZIRIT) PMTuedw»izo, MEH
P WHBHEENZ =T 4 Y IN—=N 5L D0 EEIRT 5,

4.2 E ®

DUNIZ, EFESEEART #HZIED E JISX0180 % V> TES L 72 Parallelizable C O 2 — 7 4
VOB ERRT S,

9, JISX0180 DFfE#H A SR /ca—F 4 v 7L —LZRL, FL—LIHLT
SHITRLAMR4) Foa—F4 v 7 L—1D) bRIET 2 b D%2HHEIT 2,

e R1.3.1(1) KA ¥ I ~DEBDNME (++ RO —— &L FEHE T, MERL &

FHBADZM - R[] 2V BESIIERICT 3
— (MR 1. BRESOBEREBA LT 7 A 2{TbRw
— (WR) 3. A VP RIMMHEZITOTIRAT T 7 A %479
e R2.7.1(1) KA v #IIL, DK A &8, ROBBANIEWAL o\, £z, Wb Lk
W, R L, T=INDRA IRIUIBIT S void* I & DRI IR
— () 2. L v DF XA M ETbEV
o R2.8.2(1) WM Hz b O ZERL
—  (R) 12. MEMED I EFOBEERL B
e R3.4.1 (BIF) BI%uZ, EENHEREICEG ST, 2oB#MBAKEZFRHI W
— () 10. BIBOFRFERH L 2L 20

KIZ, Parallelizable C D% a—57« v 7HNZBET 27012, JISX0180
WGBIMT 23 —7 4 Y7 U—NLZHUTIORT., IR6Da—T 1 ¥ 7 )—)IMN>DmER
oo b, Ko MR, Y 3.

o 4 FHEFBERN—THNTHEAL VI EBA~DHEORAZITDR
o 5. [Al—fHEKICR T 2EBMDORA v ¥ ZBBOBIHE LTHES 2
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6. —RNy 77 & LCHIAT % b — 7% o e & 7200
o 7. MEGEEDOEIIR VNI T BRI T 7 A2 fTb RV
8. P 7T — gz ML 2w

9. WOV U RN HAED & 2 SHBRE%E A L 2\

o 11. PSR A v & 2L 2\

BENEFIbay L 7Z2FHLCeNnF a7y 7 b7 =27% C Silcith ¥ 284, %2
o7aYzr bHBIEHMTIE, 403 —F 4 v —% JISX0180 Dff/EE
ADPGEIRL, 7T20a—FT 4 v IV —VEHFRIGEML 7 LT, BEIIECTa—T ¢~
TN— VB - EIE - BNl 2 —T ¢ Y RN EZRETE 2 LItk 5.

5. 5 il

AffiTl%, Parallelizable C 12 & 28X C 707 7 LA0F8, Wticzns 7ur 760
HEEHIME 2 >34 512 & 2 WHIHERERET I >V B 29,

APV 7 7V r— a vk SPEC CPU 2000 X b art, geuake, SPEC CPU
2006 & © lbm, hmmer, MediaBench & ) mpeg2encode, A& tN ZH AT 7 /vy
THREED AAC v a—%Th 3. Uh 5 Parallelizable C Titah E 1T % AAC =~
a—FUNoTa s LEBHREIZGL T Parallelizable C D a—5 ¢ ¥ 7B %73 & 5
IEE#Z, OSCAR =LV F 7 LA v HBNSILa >34 59 2 HOTAFLL 72, A
filicAV:72 OSCAR =L F 7 L A v HENFIL 2 v o4 FICHEINTH LR A v TR
wd, 3 EI TR R L Cw 5, §Hfi7'e 75 41 OSCAR 2 v 84 212 &
DAFIMEE N, OSCAR API'Y Ah C7ursnklLciihans, Wwlksnkz7n s
7 L5 OpenMP 2 > %4 5% %\ i3 AP ERFR + BR 2 v 84 ZI X D EfTAA FY
WERINS,

& 70 77 LD Parallelizable C NOEEZHAZ 2R 1ICE LD, art & equake (4 Y
PFNDY — A3 — F Parallelizable C OFFNCHEILL T\ 570, FHEHRZ 2 HEHIE
otz 7211, equake IKBWTIZ 7R T LAFITORETZEHD DIV — 7B SHELFI
VY2 a DO DY AT 7F ) 2 TEICHEMAL 7. lbm & hmmer (3EF
12783 K& 9 I Parallelizable C IZH¥ERLL TW AR WERSZEIE L 7223, ZOEZHZ &1T 1bm
T 1.8%, hmmer T 0.03%Td %. mpeg2encode D 2 HAHY 23.5% &%\ 28, T
MPEG2 v a— FUBICARGFEET 2707wy 7 LULoustE2 g & 525
TODHEMZ Lo Tn5,
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%+ 1 Parallelizable C ~DE Ez
Table 1 Summary of rewrite into Parallelizable C

VAR A FN Gt &2 IHA ElES ik | AEE
(LOC) (LOC) | (LOC) (%)
SPEC2000 art 1270 N/A 0 0 0%
SPEC200 equake 1513 N/A 0 0 0%
SPEC2006 1bm 1155 F 7Y 27 FREHUANDRA -7 +7 1.8%
V=T NDRA »F FH -10 +14
SPEC2006 hmmer 35992 & — 7RO HA -9 +8 0.03%
MediaBench mpeg2encode 3750 TN XLEH -640 +864 23.5%

Table 2 Evaluation Environment

System IBM pb5 550Q Intel Core i7 920 PC | Renesas/Hitachi/Waseda RP2
CPU Powerb + Core i7 920 SH-4A
(1.5GHz x 2 x 4) (2.66GHz x 4) (600MHz x 4)

L1 D-Cache 32KB/core 32KB/core 16KB/core

L1 I-Cache 64KB/core 32KB/core 16KB/core

L2 Cache 1.9MB/2core 256KB/core

L3 Cache 36MB/2core 8MB /4core
Ny 7TV F IBM XL C/C++ Intel C/C++ SH C Compiler

AT Version 10.1 Version 11.0 + HH API R

MEHIPERERTH 12 1k, 8 2 7H# SMP ¥ —/3TdHh % IBM pb 550Q, 4 2 7#5#, Intel Core
i7TDPC, KOV H AT /7y, HIBUER, PRHRYChHFE L 72 8 o 7HEEEHRE
B~ F a7 RP2 (727 LA TIE 4 27 SMP £— F2A) T 2wk, %212
BRHHBRE DRI E R T,

57w 79 4% IBM pb 550Q, Intel Core i7 920 PC, Renesas/Hitachi/Waseda RP2
EOMAIPERERH 2 L 7R 2R 2, B3, M4 icEznZiuRY. KNI, st ) o)
WY = ADBRIFATIHT S 2 Mg ER2 KL, BElAFHE 7 7)) 7 —> a v EZ2DKAIC
454U PFNY —A (SPEC2000, SPEC2006, & % \>ix MediaBench) &3 E#iz
#% D) — X (Parallelizable C) ® 1 27 (lcore), 2 27 (2core), 4 27 (4core) , 8
a7 (8core) TOEITHERE ZNENET. IBM p5 550Q 1281} % equake D M-04; 13,
b7 77 83Ny 7L Fav 4 5TH % IBM XL 234 7 Digmliiitr 7
vav MLO5) Tavy AN LEd, XL ars3g4 IDOREAITE D equake 721F -04, T
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REL L2 EZ2TRLTWS,

F Y ¥ F I —ZD5 Parallelizable C DB > THE S % Ibm, hmmer, KO
mpeg2encode IZEHT % &, K2 &b, IBM p5550Q 8 a 7ARCIRRE&7 7V r—y a3~
DAY P F Y — A TERETICN LT, lbm & hmmer (EE M EZ 97, mpeg2encode
TIE 1.53 f50MEN EETH -7 b D23, Parallelizable C H¥EHLICH EHZ 2 2 L2k D
Ibm T 5.35 fi%, hmmer T 6.06 f%, mpeg2encode T 5.12 FFDHEE I Er3ZnZ o
72 Ebd b,

FREICI 3 X D, Intel Core i7 920 PC 4 2 7T, lbm & hmmer TIEHBEEN]
E23E 649, mpeg2ncode T 1.81 fFDMEM LXK TH o/ b DA, HEEHZICLD Ibm
T 1.28 £i%, hmmer T 3.34 %, mpeg2encode T 3.60 ffDMfEM L3z nznBE o 2
E3bns, £, 4 X9, Renesas/Hitachi/Waseda RP2 4 2 7{HHFFTIZ, 1bm &
hmmer CTIXHE R E23F 513, mpeg2encode T 1.61 DM LR TH o7 b D23,
HEHZIZED Ibm T2.19 %, hmmer T 3.47 £%, mpeg2encode T 3.27 {5 DAL A 1F
WZENZFIRoNII LB 5,

art, equake, AACencode b&® 2% &, 8 27D IBM p5 550Q Tld V¥ 5.54 £%, 4 a7
@ Intel Core i7 960 TIX ¥ 2.43 £%, 4 2 7 D Renesas/Hitachi/Waseda RP2 Tl -¥
2.79 DML L2 ZNZ UG 2 EDTE %,

P EXD, Parallelizable C Da—7 ¢ ¥ 7HFICE D, AV LDy —2a—F, &
2 W INAD e wiE E 2 BCHENESIE 2 84 Tz &k D IR HAIR S S N B
CEDWERTE.

6. ¥ & &

AFETlE, #IAAY 7 b7 OREN EZENE L, po7eY ey Mok L oRBlic
GO THFRRICT—T 1 ¥ RO TR AHIEZ TR L T2 JIS KK TH 5, JISX0180:2011
HHIAAY 7 b7 = 7H a—7 4 v ZRRIOERTE) 2 v, HENFHEa > 1 F1
X W E BT % a—F 4 v 7B TH % Parallelizable C D ERZ R L /2.

THEZ L 72 Parallelizable C 13 JISX0180 DIJEZE A »S#ERL 74 >Da -7+ v 7
V=&, FRUSBMLZZ 7202 —F 1 VI L= oI5,

Parallelizable C ¢ SPEC CPU 2000, SPEC CPU 2006, MediaBench ® 7’1 27 A,
MOBEAMBEIN T35 AACencode 7’0 77 L% MLEIZIGE TEIEL, OSCAR a2 v %
A4 7 THHL L 72 b D D MHIMEREF I 2T o7 & 24, bEhhHIHAETS I 7D
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ARG THRZE L 72 JISX0180 12 & % Parallelizable C #% 71 = 7 bk cflAT 2 2
LickY, MAAY 7 by 7 oER EICAZ, wAFaTAY 7 by 27 oEERR B
KOMERER L2 T 5 2 EATE S,

BEE AUIRO IR V) —varvEa—T 4 VIV AT AERFE 0%
BICE it E, THOAARY 7 b 2 7R a—F ¢ v 7O IERGTE JIS JHE
TERZE %) OBRRICE#N7- L 7.
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