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Abstract In order to cope with recent complicated functions in multi-media applications, C-based behavioral de-
sign method has been becoming popular in embedded hardware design instead of RTL design. However, re-usability
of existing C program codes and portability to hardware description have turned out to be an obstacle in such de-
sign methodologies. Due to wide variation of coding styles and highly abstracted programming models, it is almost
impossible to transplant directly these kinds of codes to hardware C descriptions. In order to address this problem,
we propose & new C language coding style called hardware conscious style. We rewrote some application programs
from MiBench applying the hardware conscious style, and then, we converted them to hardware C languages such
as Handel-C and Bach-C. We collected the key points in the modification and evaluated the converting time and
the the number of rewritten source code lines. The result shows that our proposed hardware conscious style can be
used as a standard description of algorithms, and easily translated in hardware C description.
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o TEE. N—RY7RHTE, BARRSEND, RT L
ANVEBRDRD D ICEELXIVIERS B R L LH TS, T
fELIVESR, $§ic CR—ADN— KTz 7k, ANSI-C
ISR ERF->TWA T LA S, BEOUEETNVIY XA
RFEEFHALSTL, BUTORELTES. Tk, B
BOMRMEZERNTTR, EEEERLIEZTLITESL
WHEhTH3,

L L, CR—ADBHFERCEIOBREDOT Y r—vay
BT B0k, BHEIFHTOBERET 3MENH
BLHE->TWB, FAEN—Fo o 7T RERLTHBAS
B7 7Ur—avoB &K A e URb P, B
BRAVEZOFABEDY 7 by x PHaEE RS L TR
TATWVS. 6T, BHED C++® Java ¥, TS5 L%
HIT LRV EEROBRDY 4 XHRE LAV & S icTricii%
ftxhaimbdHs. 20D, ThEDT TV r—vavk
HEN—FD 2 700 C BRICBIT S LAFAEL &
b, #R, N—FyzT7RHERE S -ERIrSTTLOT VT
YXLEF—2EERRL, —hoBEEHET 5B
BNELALTHB.

413, SEC/IPA OFFHFL LT N—FY o 7{LEER
Ll C OB AHOMEE, Wb, N—Farsy ABic
DT LTWS [9). H— Favyy Xidahis, BHcEH
N—Fyx7ERA C SMICER/MAIMET, N—Fo 27k
2175 7d) XL OB THEET NS, LEOREL L
THWBZEMNTES, RUFI—IHOLREL LTLEW
TH5. G TR, TON—Farvyy ARRICONTHENT
T35,

2. BETR

HE C R—ABRHDPBERLTHEY, YT TEN—
Ry 2703 EEED, YAFLEERRT S VX7 LD
MAEEEY, BEFED HDL & D HREDEH W LUV OREN—
Ry 7 ORHEFTS N— KU TEBHEHICTISNS.
BT DR FEIL System-C (2], SpecC (3], %% 3 Handel-C[4],
Bach-C [5], Impulse-C [6], Mitrion-C [7) B Z#4& TH3. B4
NOERBRLETEOR, 7725 L—SAN—FY 2T OER
THh, BEON—FY 2 TIEHE C §WTHS. LML, T
NoDEHWCEE, THhATNIOHKDS YD, iDBROH—IXE
BTHDH, VThHOEHETRELETS ORREW TR AW

SEE, BHAKRY T b L TOREF T, IPA/SEC (i
RS - VT MY 2 T IV T Y TR E—) kb,
HMABV T by 2 TG I—F 1 FEEHA Pk e
»ohik TOIA—F4YIEEEY 7 Y 2T OREERLE
T¥BRS, CHEBROBROAHERINA, (EHiE) MRTE)
TisffE) Mhsett) OEOORMERHEREX, BRLUIEBA
AV T b TERAYI—F 1+ VI EETCH S,

T OISR, N— KUz TR TRV, A
ATOTS LHREY, COEEETFoTCT IV r—va%
E, N— Ry 7ERA C FEANOENERIT LR
BIcBRiks. LHL, TofBRHETHRRAARAY T
Y x POMRET, N—FY 7 OERI AV I=)icidiR

PREL RS,
3. n—RarvyyRigah

3.1 Nn—RarvieREROME ST

HiklE, SEC/IPA Ic & BHAHRY 7 b = 7 Higr 0 —
F4 v TEERRICLT, N—FY 27N ER R as53
> J{Eik, Hardware Conscious Style (\—F 22+ Ak
RBANL) BEEY, ThCEBT NI XLOIEROEFE
B,

N—Ravy v ARAZA WV, N—ET 2 PEEEEL
1z ANSI-C OB EADIEETH Y, HLv—FYx 7l
CEHEZRRLTVWADTEAL. UL, "—FaryyA
ERTeHcha—FiE, Bein— Ry 7ERIEICSL
DG, HENIKZTHEAELEILNS.

Nn—Rav oy Xidl%e, EEERLTTERN—FU7
odA C BT, Bhiz—Foe7hTCicERT B DI
TRz, LHL, ZORMBEBESEY —IVOlEH%RKR
KT R, BHECK>TRE LD FL— A7 0R
BEBEL, FRAALERGBCEbEEBNEEN—FY 2
TRBRMICRET AT L 33T THB.

3.2 N—EIx7OER

N—Farvyy ARBTIERRO 3 RICERL TRRT 5.

o EROVAX, [FEERICERL, BETS. chbld
N—EYxTDIARMCEETS.

o H—XEUYTIREL, HBOATYEY2—VEFET
BLWHSEIERETS. Thbb, BENSOTF—2GEE, &
ARICENTRHTOBLEES 2R ARV EYVa— VLK
HREEhBHLEXS.

o RTORFIMNTHYD, WMcER, EETHI LI
TETVWLEXS,

RA V2 ORER I, BEEBAEVEY2—-NVORBLYAX
OEFRERETNUSARCHEE NS, BR7VIYILET
< BRICIERT 3.

N—Rarvyy AR B B HKIRDED THS.

e main BIEUCHHS 35 (BRI,

o EWMONBLYA XDRE.

o Fixo BRIV B RRIDOHEDRIL.

o BA 2 DERHIE.

o BT, ——' BET, ) WETFORE

o ERDAa—TDHIR.

o RAVHD_EME, Y IYRFORILE.

o WIFMbsAELE, WATICEIEL, WML L TRGE.

o MkOEN ORI,
Btkgyrigiiz, —8x C BBIck 386 nN—FaY
v ARRANOERG) L B OMITIRT

4. MiBench O

N—Farvyy AR RED S0, HIHBABET T r—
vavRyFI—2H#i MiBench (8] %2, TORETHERAT
5. MiBench (& University of Michigan THRE hi/zl#HA
FAT TV —a DR FI—% T, Automotive and In-
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MiBench version 1.0
crc32, sha, dijkstra, aes, susan, FFT

Third Part \
Input Data \
for
Handel-C

Hard Consious Styvle

Hard Consious C
~d

VC++

Cutput Data

B 1 N—Faryy AR & 3008 L RIEDOHN

Bach-C

bachie

dustrial Control, Consumer Devices, Office  Automation,
Network, Security, Telecommunication DT DDEMARSS
BT, Bt 25 @Oy LAHREhTHS. TRk, T
DR E, AO0TaTILEBAT, N—Faryy itk
IKBEHEL, ¥6ic, FOREMRLHN—FY 7 RREH C B3
KERL, ThThOEEBIER, BERMOFHELITo .

4.1 RELEFIVs—vay
crc32 (telecomm): 32bit © CRCEIET B 7T X4,

e sha (security): BESHLICHW A\ a7 dY XL,

o dijkstra (network): FUERBROHITNVTY XL,

® FFT (telecomm): W7 — VU TE|DOT7NTY XL,

® susan (automotive): EHRILEET LTV XLs (smoothing
DHY).

e aes (security): SLEBRIEFS AR Ny a7 dY XA,

4.2 HEN—EO7RBACERE

TTTR, N—Faryyvy AERHEETRT EHRON—F
Y x 7 C 8L U T Handel-C & Bach-C 2R\ iz

Handel-C (X Celoxica #£D/N—F7 2 71k C BB TH
3. FRENZRZ, FYA Y —IV DK Design Suite 4 I
Ko TaAvRA LI, YIal—ya VEROMEETS.
Ry YLV ¥V S Visual C++2E/T 3.

Bach-C ¥ v —FHic & 3— Ky 2 7R C HiECH
3. BT hi-iaRid, Bach System IC&kbD, T2RAILT,
YIal—¥avEHRTTS. avA4avy Fik bach2e
T, 73w F a3 i bachdbg 2T 3.

B 1 2R3 &SI, MiBench HhSBAREARDDT S r—
YaryEN—FROVYY ARBICHKE-T, MEHEHL, Visual
C++TaAVIANVLTHERZHERTS. Eoic, BFEHELE
V—AXH5, Handel C & Bach-C DY—RA0— FICHEEL,
ThEThOMRB T IA VL, YIal—vavi
Remeds.

5. ELLBER
5.1 N—FKavy v ARB~DHEE
AT, MiBench 7 VU4 — 3 viddh b, /N—Ka

V¥ ARBANEET ABRCITo e ERBERE-EN L DD,
N—FRarvyy Agglic B 22 RURMIC BT 5.

a) main BSOS |BORILE

—f{a C 7 S U r—a vicid, arge L*argv]) FE51E
NE L EbRTWEH, TO5IEIE N—FY 2 7S8R C 38R
THEATERVH, ROXSICHRRL= L, RY % void
ICBEET.

//int main(int argc, char *argv([])
void main(void)

%7z, main BEEAKT, ThoD58EERHLTWSI—F
OBEFIBEROERERBEICES. A/ FoOA VA%
FIWMTEXTWAREE, COFINEEEMERICHEHEL,
Rt ieE L THEET 5.

b) I OERDEE

T7OERIE, CHBICXHERTXHFbh3—DoDHE
TH%. COII/OEBRIBHEIRODT, ZOEREN—F
T PIREBICBHT AT LNBLY. Tolz, N—Fa
Ve AR TOHME L BENKETHS. BEAER, BE
K& TREBN, T/oeBI LEHCEMICEER, i
BB EET LW HENILAVEhS. ROFIZ, <%
EBLS SEBICHBEELLDTHS.

~

//#define word_in(x) * (word*) (x)
UINT32 word_in(UINT8 *x, UINT8 base) {
UINT32 ret;

(UINT32) (»((x)+3+basa))<<24;

ret + ((UINT32) (x((x)+2+base))<<16);

ret + ((UINT32) (*((x)+1+base))<<8);

ret = ret + (UINT32) (*((x)+base));

return ret;

U J
c) EBDRO—TDEE
N—Farvyy R TR, ERORa—ScHBLINE S

htv3. CcEHOEMECLY, BBFOO—HILERDR
a—=7H N—RYxTIRE C EROU—ANEBOXa—

TEREZBPENDS. FIMTT—2DROMOTEHER,

N— Kz 7l C FRTIRERASL. &, BRPoF—2

DRNICET HHIBN—FB. Fhid, TORESAEVD

FENCHSE T 2D TH 5.

d) FREECH LR
BRUH UBSIIN— Ry o 7 TREL T, — BRI

EHRL RV, N—Fav v AR T EOFIA AL

ENTW3B. Ok, TOT TV r—a vOBRBEEHL

BABCREIES 5.

e) T—AERMOWMLFSOEE
—HiIc, CEBTT SV —vaveRids8icE, A

TUDHAREERLT, F—2EROERLTF—2OFERE

A3, AEVOARICABIBIUE, KEHOF—2H5/ X%

BIRLTEHE DR,

R, N—Fo TR BBHCIR, F—FDY A1 Xhin—

B 27 OY A XICHBRET 378, BUNCEORIZTL,

ret

ret

ret
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R 22ENH B, TORD, N—Farvyy ARABTE,
F—SEBOEL FSORELFCEERLTWS.
F—SEROBLFZORER, ROXS, vIOERIC
Lo TRFOV I M2 7THBLRUTES LS LTS,
C ™\

typedef unsigned char UINT1;

typedef unsigned char UINTS;
typedef unsigned short UINTS;

typedef unsigned short UINT16;

Ltypedef unsigned long UINT32;
J/

Ric, FECHTHEELRETHS. C BROEED, int
LHE LA TE, FUKFSHETANIEEEWRE
e, FIAE, SORE, for XDEREIT VT BA
FL—2EHL, FENEDIint TEEENSN, Rz, &
BELTRL, N—ERox7{LT3E, Aoickshne
ahhif, —EYzTRERSTTLNTES. TOXS K,
RN ST E UCBI L THEIERAT S BEND 3.

f) F—2FBOF v R MEEOMBEE

V7 b2 7B TR, EROEHNRIXBIBETE, BWRO
TRV —IVHRILT 2884, 2T LEF v A FRIT5HEN
BN, N—Ravyy AATE, RaBBREROREMT
ERETSBE, TROF+ X FEERNICEET 58S
3. BLOTadSLT, BROFYAMNEHENTHS
¥, TOFBRERCRINII DS,

g) ISk OMEIE

N—Raryy ADRTRMERORIEZRELTWS. §
x4E, ROa—KC, BF rgnNodes i3 H—D¥RAEY Lic
75w McH~3 &, rgnNodes[i].Costj] £ rgnNodes[i).iDist
BERCT 72 ATE L B> TLEY, ZFOKR, LHOY
FREAHRRE NS,

~
struct _NODE {

UINT16 iDist;

UINT16 iPrev;

UINT16 Cost [NUM_COST] ;
}

struct _NODE rganNodes [NUM_NODES] ;
- J

DL S RBE, ERFINIOHEA T BRIV 3 OHME
#OWTHB. 2EHTROLS I, RleomFlzERL, T
NEDFLDAETY BT a— WKV ETENBXSICTS.

UINT16 rgnNodes._iDist [NUM_NODE];
UINT16 rgnNodes_iPrev[NUM_NODE] ;
UINT16 rgnNodes_Cost [NUM_NODE] [NUM_COST] ;

rgnNodes0, rgnNodes1 & ESOMEAER 5346, ddd
DAT—FENRONEY, RUEBENEERS.
Bach-C TIINEEDEN BELIFE N T ViKY, Handel-C

IXTATHESS DS, AR EOBIMINKEY., MEEORNZEDE
Tlickh, EBON— KT TRESGENERESD, B
HOFEMEEL T ENTE 5.

h) F#AUEDEE

V7 Oz PIREBNVBLN—FD 2 72X BB DBEN
ITRWE, VI MY THETERE—DLEKEAEY L TAE
FTEHEDINLT, "—RUTRF—2EHBOREINEE
BOXTYEY 2T TRAT B RICH S,

N=FRavy vy AR TR, R Vv2EERIcBEL TR
TV, KB, 2TON—RYx7ERACEETL, BEMIC
RA2OMAZFLTVS. AEVDY A INMEEIITE
b, o, L ELELROMEEFEET ALV S T L RER
FTAILIcED, RAVEOMARBRICEHBENS.

RAEZM, BHOV T+ 2 7 CEMEDEZ, H—AEY
ZWLEDET T, MHEF—RDY A XEFHL TV TN
ICIFT T LNEETH B0 THB. BoleY A XDF—AIC
HWLTEFYALTRTELTRITLNTRS,

LTAN, N—FY7 T RREIE, BEATATYN
BERILICRTION, ZOYAXLTF—-2i8ik, ¥LEETH
3. ABYVOYA XHPBIET FLADRAHE RS RTT
ThERLT7 FLALVIVRAZTHRS T LRFEFACIH D8R
V., LT, BAVEDF+ AMRIBRIEEHhTWS.

VI 2 7HER I BBRA U 2D_Hihd, YooY
AbEN—Rarvyy AERCRELEE NS, SR, BA
VEDZEMERY IV ML, FhEEN—RILTET
VDI TRV, —EDBERDOAEVEZRIT, FOLT,
TRLALYZ & LRHEBEREZER LT, VI 27 TOL
HEARCERTAERY. LiL, ThEe3 EHEHER
AEVOT L ARMHEN, VI TIHLTIELAYE
LR, L, malloc D& S ZRIRE A€ Y HEHRI
2LRARETH S, MWABAROLEICHNT, BLDBE
YUY 7YX FREAROEN T 7L AICERTETHS.

i) CEBESESA7SYRBOBEMHL

C BIEMS A 75 ) ML, BEAGICHERTREPED
B\, FIAIE, ROI—FTHB.

4 N\
void memcpy_bc(UINT8% dest, UINT8* src,

UINT32 dest_i, UINT32 src_i,
UINT32 size) {

UINT16 i;
for(i = 0; i < sgize; i++)
dest[dest_i+i) = src[src_i+il;

\} J

C SRS £ 7S5 Y B memepy KN LT, TOMEHE
L 7= memcpy_be ITi, desti & srci W5 D05 EANE
EhTW5. Bach-C Tk, EFIOEFUNDOBERANDHA Y
2EFALT, TOMODBRICT ILRATHTLNTER.
ZDk®H, EADEFUNOHBOERAT FLAT 5,
BRDEFNDRA & L dest., srci ZEDE Ty hEF|
RALTIT>REND S,
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j) BEESRHXOHBIE
N—=Favvy RERTR, 12V AV MERTF, 7Y
AV MERTF, AVIEETRY, — DO THEOGEN
FTENB LS LIERICHEEMATVWS. Chbid, BAIC
X o> TRABELGAFHNZRL, YERRRBC LVH5.
TDlH, RDESIBET S.

[/ ¥tt+ = xf4++

*t = xf; t++; £+

¥z, AVIEEFTOANSTVS, ROL I EZD0M
XHLBETERENHS.

//ii=0, jj=0;
1i=0; jj=0;

5.2 N—RIxz7PRElAC EB~DOEE

HEClE, BEHLN—Fary Yy Xidaih 5, Handel-C
% Bach-C % &DN— By x 7 C SENMEET A0
FBEFEERNTS. N—Faryy AR, —FYz
TRHEPERLIZDBA XA NOLD, N— Ko Tk C
FHENOZRILBNERA THS.

5.2.1 Handel-C "\DOZf

Handel-C {3, FPGA ZRWTen— R 2 7REHCEICHIA
ThTEYD, BEHRLTWAN—FY o 7iddA C ElETh
3. BHELTR, BFENIC—-ray Zic—XTOoRTENS
HENAREH, ROM® RAMDHEE, 7ays®Jevh
Oz E, N—FY 7 EERRT 3 HOEAOIRRAEN
BmMENTVS, BA VROV TIREBZ ZMEASLRH, B
R L HEICERENS.

TR, N—Farvyy AR5 Handel-C \OER &
R 72 3 B DA MBUT AN T 5.

a) F—&YA KT BHEE
N—=Ravyy ART, F—29A XeRTHIETIO
EHALTWARY, TOY—Aa— RREET LB
M, TrOEBEROLSIC, Handel-C DEERBICED XD
ICEIET 2 0ENHS.

#define UINT1 unsigned int 1

#define UINT32 unsigned int 32

Handel-C T3, F— %44 XDF v 73EHTHETHY
R OFRFOMEA—/3—, ¥4 XDRE - EBALOHT
HRILTES—eh3. YA AHMOEHREMET, FEKL,
FEFEF— 2, Cy MR TR0 EF Yy A MTER
V. B DS L BRARNOEBRIE, ROELSIC, Ev b
PERET (< -) ZE>THA XEMATHEF Y AT 3.

UINT32 vall;
INT12 x;
x = (INT12) (vali<-12};

Cy FHECEBAME, E5IKHEBHTHD. TS un-
signed 251X, ROFDK S, ¥y MEBHET (@) 2o
THIBLT, VA XRMATHOF v AP 5. 0 BERDM
D0 EZRLTLNBDT—DIEFTFIER.

INT32 vall;
UINT12 x;
vall = (INT32)(00x);

b) B RIZETBEE

Handel-C {3, 84 Y ZICHLU TRESEABHENITL, HN—
Ravy+ AEBR%F> TONITHETRT 5T LHAIRET
3.

c) AHHIcBIS ZHEE

AMhRYIal—vavBe, ThFhOZ—5 v Fh—
Foo7iREbBIITRN S, FRMICH—F Y br—FTx
7 HicRETAREE, BRAEBETIRXENDS. V3a
L—avEicid, ROFDLSIE, 774 NVREELTAR
NF v 2IVEEEL, BIGEBOF v 2UCHT 3 AH/TFER
DRREITS L TAMETHS. BaAIC, ? AN, | IZH
J1%RY.

chanin input_a with {infile = “"input.txt"};
input_a?c;

chanout output_a with {outfile = "output.txt"};
output_a!(val);

5.2.2 Bach-C "OZH

Bach-C I3, Handel-C & HBEL T, EHOREHRZQMIIC
ToTh3ky, BcEL TIEBNFE®HIE,. —#, R
AV RIEDNTE, BBORFINL LTDOHZLHIEETE AN
WS HBAH D, TOMT Handel-C & D&M THS.
a) F—RYA Xl BEE

F—& Y4 LML Tid, Handel-C LEBHIC, KDL S
Bach-C OXHIES &SI/ ugBZEETBIEIT,
DYV —RA 21— RIEFRANSBBITE.

#tdefine UINT1 unsigned int#1

#define UINT32 unsigned int#32

Bach-C i&, R4 3HOZEREILOERICOVT, Handel-C
LD LB, RAKR K> THAWMNICRZHEIMTDNS.
¥/, FEHBLEROF YA MMETITDNE. N—Fav
T ABRA & A VI TOHIE, BRI EBE RN
ETH%.

b) RAr&, KikORAICHET S BIE

RAa 213, BEOKREIHE LTORAVST LNTHETS
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H1 REHKR
HC-C conv. (days) | HW-C conv. (days) | Lines
crc32 3 1 -7
sha 3 1| +36
dijkstra 2 1 -11
FFT 2 1 -29
susan 9 4 -
aes 9 6| +66

b, THhicH33HEOFMEAE . E B ORTINIF
ThTWaEWEY, ERTHRENS &S B5TF-4ER, b
S LHEBOEFICBMT 2 08NS 5.

c) AHACHETAEE

AHiAiE Handel-C LEIRIC, I al—Ya HeEBO
N—=Fyx7HOERSARENTWS, YIal—varvH
icid, XOFDELSIC, APMV—LF¥RMHLTTITAN
ZEBL, SHOSA75VEREHERLTAMAIETS.

~
stream_in infile = “datain.txt" ;
org_w = getint(infile);
stream_out outfile = "dataout.txt" ;
putint(outfile, 10, 0, val);
putchar (outfile, ’\n’); J
\-

d) = O ff

Bach-C Tid, extern ¥—7— FAWHR—FEThTiwnic
B, Fa—rOVEBEERTRTLENTERY. EOLYD, T
b, =DDT 7AICTRTORERZE LHBLENH 5.

6. f

ANODT L) r—vavin—Faryy Rk, "—F
v PR C BIiCTEERoEL, BERMLO— FEOD
MEICOWTIREi%To /2. RESRER 1 IORT. BERHE
3, TOV—RAO—FhoN—Rar+ AidBNERL MR
OHIERM (HC-C) &, N—Fary Yy AicERLELD
Mo, EbN— Y2 TIGRR C BHNERLIBROBIER
Ml (HW-C) ie DWW T X L dbiz.

a— FROMEE, N—Raryy ARcBEELa—
R ¥ MiBench DTN I— F L &L L 2BOTROBRTHS.
a— REZHET BRI, v Hd—T 7N, aAVE, FRy
FROI— FRHEICAN TR,

EERMORERRP S, H— FI2 v AR DEIER
MASHEERBV A, ThiX, MiBench Da—FO7 )N TFY X
L, F—2ErERT 2NN ODE B THS. N—Fa
Vyx AR, H—FUx 7REHAGHCRE & Dt Fk
THB1, N—FYxTiRA C BEAOEHRIL, HERH
HEL mo T3,

AFFEIZ, N—Favy v ARBROBERERBRML, R5A
JVEE LB, MiBench DI— FhE&n—Fary vy Xid
BADBIER{To 72, EROBATE, TORTY THRE
T, N—Faryy AR - T, HETIVTY XLEHR

TR LikEB. LizhoT, SEOFETE, "—Fuz7
oA C BEENDBERMDIEETHS.

N—RAVY v ARBANOEERMEEBLT, N—FYx
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