Vol. 40 No. SIG 4(PRO 3)

THERALE RS

CH++ERFICHIT B MAAA M RBILFIE

4 MM K B # = B ok B OE
wmORE oW —Tom oo AT B i EN

W, BEABBIIHEBRINAMLARY 7 Ny T EOEIMIZEL <, C++EEIC L 3HLAH
V7 U THERBEINRTVS. LML, C++SHEITAT UM, ETEERTRE OMERD
Y, AR THRRELVELARY 7 h Y e 7 OBBICEAT A LBAEETHS. KBTI,
IO OREYBETAEBIEFERZERTS. IO OFERa VA FITERETHZEICLY,
(1) RBEKEIERHL O — S~y KOOI, (2) B F 247 V=27 F® ROM EE, (3) 5«
DENVAZEALTE (BFEE, BMEELRY) oF T Vs MERAEEIC LB ER L BEHEITOME,
DHEEEL A, ZTRODFEEE, v 0 - Vo 7BEROEMEMLIZFETHY, "—FKo=7
OB E AW T HDIBE « (- V7 - FRFZHEBECR YV IBTHRAALRY 7 T =
T ORRBELTNA.

Optimization of C++ Programs for Embedded Systems

SHUSUKE HARUNA,t TOSHIYUKI SAKATA,! NOBUKI TOMINAGA,?
Se11CHI URUSHIBARA,! HIROHISA TANAKAt and HIROSHI YUKAWA!t

Recent remarkable increase of the size of program codes for embedded systems requires soft-
ware development by C++ language. However, a couple of problems of C++ language that
memory size and CPU time are wasted prevent applying to the development for embedded
software that the hardware resources are limited. In this paper, some optimization techniques
are proposed to address the problems. By installing these techniques in a compiler, 1) the
overhead of virtual function calls can be deleted, 2) the constant class objects can be located
in ROM area, and 3) Both description of multimedia processing in the high-level language and
high-speed execution are achieved. They are also suitable for development of the embedded
software that correction, compilation, link, and test are frequently repeated until satisfying
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hardware constraints, because they do not increase the compiling and linking time.
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Fig. 1 Development proccess of software for embedded
system.
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class B {
int b;
public:
virtual int vfunc(void);//{RABEI¥K
};
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class D : public B {
int d;
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};
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Fig. 2 source program with virtual function call.

func:
mov (0,A0),Al ;;
mov (0,A1),A1 ;; BHSRRRQHE
call (A1)

rts
3 PERFHETON 2 OWREROBMTHSF
Fig. 3 assembler codes of Fig.2.
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.BASE B
func:
i3 77 R4, BEHERCHL, MERFOHL
i OFEHZ 2 CREBRFFO LA a
callv D,vfunc,0,0,A1
rts
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Fig. 4 assembler codes before link.
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func:
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call vfunc

rts
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Fig. 5 assembler codes after link.
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/*x HEK P DEFE */

struct P {
int x;
int y;
};

/% WIEARESL */
const struct P objp = { 10, 100 };
B6 ERT—FEELY-ATUITAH
Fig. 6 source program with const data.
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/177 A P DEH
class P {
int x; //T—F AN
int y; /T —F AN
public:
virtual getPoint(void); //{RABEI%K
P(int a, int B)//IV AT I F

:x(a),y(b) //aVvANT I ZOHRES
{3 /1 BEER K
};
/1R B
const P objp(10, 100); //A AR T 7 ¥ & HR
Hd
B7 EEATV=0 2BV —RT RS T A
Fig. 7 source program with const object.
_initialize: 35 FIELALE 1772 5 BR%K
mov &objp,RO ;;objp DT KL ARE
mov 10,R1 i BB 1 BIBGRE
mov 100,R2 s 5 2 BB
call P 33 AV ARTZ 7 L
rts
BEGIN RAM_AREA  ;;RAM SRIUCECE
objp:
.area 8 ;5 BEIR 8 NA b RELR

END RAM_AREA

8 WERFETOREAT V=7 hOBREGST]
Fig. 8 assembler codes of const object.
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HHRETHD.
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LTuV2u,
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H5.

o —WFZH LT, AT V=2 & ROM IZE
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o ALNANEEROEMNEMZIOND.
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Z AN x DIER a T, yb) b, T—F ANy
DfENR b Th HRAPERR > b B.

7z, AL FTCOPMBRELOLEILLTO L
NThpB.

(1) WERELTEVFRHENE 2V AT 2 4
ERDB.

(2) Z0arRhT 272 ORPIGERS>L BT
WBDEPHEETB.

(3) 2K BRTVEEHER, KIHERICEENRD
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BGEIN ROM_AREA ;;ROM FEBUCELE
objp:
.int vtbl_P ;;P ORGSR
.int 10 ;3 AU\ x OFEE
.int 100 13 ANy OFEE
END ROM_AREA

B9 ARFETOEEST V=7 FOBRENSF

Fig. 9 assembler codes of const object.

/1772 P DEH
class P {
int x;
int y;
public:
virtual getPoint(void); //{RAREE%K
[/ RN IR
P(int a, int b)
:x(a),y(b) //3 R T U ZOHRET
{3 /1 BBEARAE
};
/17 TR Q DER
class Q : public P { //Q I¥ P Z#kA&
int z;
public:
//avRANT T F
Q(int 1, int m, int n)
: PQ,m),z(n) //2 AT 7 ZHIMRET
{3 /1 BB AR
};
/1 IR E
const Q objq(10, 100, 100);

B 10 WRES TRAOEEAT V=2 b Bl Y —R7 0S5 A
Fig. 10 source program with const object of derived class.

TR0, EEHEL, EEMEIEHETS.

(5) EEThoHE, PIHREINZFT V2
FASEEL (const) FT7 V=7 FIEEET S.

(6) BEATVxr b Tholifs, TBIRENXE
ROM KEEIN 37 —FICBRT 5.

(7) BEAT V=7 bThabholft, MIHREX
% RAM ICEET 57 —FIZHRT 5.

(8) ZNLSDEE, PIHREE Mk L FLIC
RAM fHIRICERE T AT —F L a v R+ 7 %
FENHL Oa— NIRRT 5.

7 DHFFELTIE, A A5 7 ZDRBI¥K a

NEBEK 1012, KB bNE K 100 IBEHRIL
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POF=F AL P (a, b) OEMHHER

x (a)

x - a
v (v)

4 ——— b

|

Q (1, m, n) OEHMPEX

QDT —F R

P (1, m)
a 1

b m

z (n)
z [ n

R 11 (EOHEXOH]

Fig. 11 exampie of initialized expression.

n, EFEMRLBITRONG. TORKE, T—F X
N x DEIX 10, v OfEIE 100 TH B Z ERFHE S
W, T—BZ A ARTRTRETHEDT, BEAT
Y= 7 b objpix, B9IZTRENS L JIZ ROM %
WWEBENA. 2B, “YthLP? a4 7 Y= 7 FAICE
I 5HRHEN S EEBEROERTHD, 2
AW XY BEMICAIER S,

ZOFEICLD, Co+BRIEBTIERLI T V=
A%, C BB & FRRIC ROM SIRICELERIREL 220,
FITRHC LB RAM BREPHRTE 3.

RPHEE, D7 FREMARTE7 7R (JREZ T
X)@j79x7b®%%mmﬁbfﬁﬁm?%é.
T AT FYMREFICE, FO7 T ARMAL

TWARZ TR (BEIJTFR) DaryArF 72 X3
VPR ENFLRTES. K10 KZZOHERT. Z0D
BAEIFRAQDay i Tr FITHET DIREME
Kiz, POar2R I 7 ZOEAPEREZRAL T
KYHF. Zod & P ORIEMERDOEE #HE Q D
BB TEEHBLS. DFEY, a» ], bo m DEEH
AT 5. BONBIIFRETHS. EEh b
ROERER 11 1R T

5. AT« 7ABHSRBILFE

WA, BRSO AT ¢ 7 B0 7= HIZ SIMD fiy
4%, BIREAS, WIEEAS Y 0k 3R AT 4
THEGSEEB LA 707 oy b B8#L T
RPN

BIziE, EROBERSOELE T, EhGbEk
WER, A—N"Tu—-llLVERARELRVE ST,
A =7 - BREIC T EE R RECEET B 4Fn
MBEGSBMEREIND.

LrL, TheoT —FBRCEAEFIICEET
IFRESNTWARWDT, C EEoRETRRT5 2
LIIREETH B,

CH+ERETIE, 77 AR —FESERL L THEH
TEZDT, ZThERAWVWAZ LIk, BRRETL
ROT—FHAETERT DR TES. £, C++
ERCREETOLEERLAVIZLIcLY, 20
T REFALZEETFLERTES. 16 v b
FAFMBHT D 7 5 ADEHEOH % E 12127 F.

LML, AF 4 7HRBOLABERNFEEKIL, C++5
BTHRRTERWEYD, TRV FEETERTS
BERboT. 16y MAFIMBEDOT 2T S EE
T L5t %E R 13 177,

ZOXIRMERT BT SEFETRRERL TN
e®, Ay A5 OB EEL, R EREE
L PRT=— N B S 28R T T, BRE
MLV DA LT AV RBEOHZBRITRbR TV,
ZDk®, a—-FAERGNERENE WS BERD 7.

14 iz@@fnNEEZER LT a5 4%, B 15
R4 7 ar I sk ary XAV U REROBREE
maE, B16 IR 15 1T L THREBEMST L~V
T, AT A VRBRBERITR ST ERE =T,

AFNEREN LB o BB LB O R E RS
RNe®, “‘atb” OFER 2 EfTRoT05. ¥,
VURZOFEDMMTRLICE, VOREDOBE1H

class SatShort {
short s;
public:
//EFIME R AT D S EEHEET
SatShort operator+(SatShort);
//RRBEEITR O B EESHET
SatShort operator-(SatShort);

};
® 12 fafmBEmoeR
Fig. 12 definition of saturation integer type.

_satadd ;; BEFIINE 21772 5 BB%
mov  (A0),DO ;; 5l¥&& 7L
mov (A1),D1 ;; BlFE VL

add D1,D0 ;; MEHE
sat16 DO ;s BTIERESS
rts

K 13 e omEH R 5]

Fig. 13 assembler codes of saturation addition function.
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extern SatShort outl, out2;
void func(SatShort a, SatShort b)
{
//a, b iXBAFNIEHE
outl a + b; //8AFIIMERBKEFCHT

a + b; //BAFINEBEE A RO

out?2

14 SRAEEZERALET s I 5

Fig. 14 source program with saturation operation.

func:
mov AQ,A2 sy UL RZ &R
mov A1,A3 sy VO RZ BB
call _satadd ;; SRFUINEBAEE FEOYHT
mov DO, (outl)
mov A2,A0 ;3 VORZ R
mov A3,A1 i VU AR EER

call _satadd s BFINE B A PO T
mov DO, (out2)

rts
B 15 fERFHEC L DR 14 OBRER TS
Fig. 15 assernbler codes of Fig.14.

TO2—FEEIRT S LIIRETHD.

FIT, CH+BRBO AT 4 THEOFTERE~ A 2
NTESREN T AT ¢ 7 NERA S B RS B AR AIA
HoSA (BUF, AF 470G T ALRET) %
EZL, AT 4 TR O EEAT 7 0EBMGS
BERTHFHEEBELL.

FIziE, v A avicfafiEEasigRIh T
BAIE, 12 OSBRI O L 5727 T RE AT 4
TFE S T AL L TEETS.

a—PREZDZ T REHANWT, AT ¢ 7AEE TR
T 5.

Ty S A0 AT ¢ 7AEEREEBEG SIS
BT B 7=z a3 ST HRBOFNER 17
[

a8 FEEPE e — N RSB EITAR DR,
AT 4 TSR A F OMBABICHIET B AT 47
WMo — R ~EHBT 5, kY, AF 474
PSR BIEPONH L TR, MBERE ORE L
FfIcHFbn 372, Fl=— R EE{basic L v
BREa—FRHIRENS.

M 18 I AFEEZHWEBAPR 14 0T ey 5 A
Bar AN LU EROEBEMSIIERT. K14
D “at+b” FEETCHL & LTHbRT, HEMNS

B May. 1999
func:
mov  AO,A2 ;3 VU RZ BB
mov  A1,A3 5 VWO RE &R

mov (A0),DO
mov (A1) ,D1
add D1,D0  ;; a+b ZFE
sat16 DO HH

mov DO, (out1)

mov A2,A0

iy VOREEEIR
mov  A3,Al i VORI EEIF
mov (A0),DO
mov (A1),D1
add D1,D0  ;; a+b ZFtE
sat16 DO HH

mov DO, (out?2)

rts
16 A¥ 51 REZOK 15 OEHEM S5
Fig. 16 assembler codes of Fig.15 after inline expansion.

e
- A7 4T RBRAY g KR & D
Ze Jtia— FEAIRL, 5
\ A Kicah VSR pmb i 2geen
SatShort A, B, C;
: RERTL A — ¥ :
: A7 47 P 27 (708
C=A+B; LR Wfa—F Py
: BT — K]
- K L - LA 5 hf i — g
(192 K] [&i& Hettachie) IUPER!

!ﬁﬁi‘%iﬂi’&
(i)

B 17 A7 4 7TLHEGSEEER
Fig. 17 Direct generation of media processing
instructions.

LLTHEDbNZDT, LYRZIBEROERBOa—F
BHIRENS. £, “a+ b ITx U THBESNE
BLEREH SN, 2EBE®D “a +b” Oa—FHH|
BREh, a—F¥AX, EFHENTEILS.
B, AT 4 THEME I FRAEFRAL L wS 5
LEMOMBRTHRAFNEICT A0, $EE
BEETIINTZ CH++EETO AT « THLHEMGH %
HEALZWEREZRETEIW. Zho2HVWaC
Lizky, a—FAERDEIELARINELCL 0l T
LRMOMEBRCHRATREE 25, FlxE, S
BHSICOVWTIE 19 O X 5 2B OEEL BT
ko

T, T2 CIRMATEEIIT SO\ OLEBFAL 7,
SIMD iz 2V Th, FROFERERTES. =
DBE, B 20IRT X 572 SIMD B A5 ¢ 7 g
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func:
mov (A0),DO
mov (A1),D1
add  D1,DO i3 atb BEE
sat1l6 DO H
mov DO, (outl)

mov DO, (out2)

rts
H 18 AFHEIC LDE 14 OBREN ST
Fig. 18 assembler codes of Fig.14.

SatShort SatShort::operator+(SatShort v)
{
/% int BUCTIMEETTR 5 */

int result = 5 + v.s;

/* HAFNSLEE */

if (result > SHORT_MAX) {
result = SHORT_MAX;

}

else if (result < SHORT_MIN) {
result = SHORT_MIN;

}

return SatShort (result);

19 MFMEBEOEROH
Fig. 19 example of definition of saturation addition
function.

class SIMD8x8 {
char c[8];
public:
1173y 7 ERjes A P EMBET S
SIMD8x8 operator+(SIMD8x8) ;
11739 7 ENFeo A b EBET D
SIMD8x8 operator-(SIMD8x8) ;

B 20 SIMD BoEHE
Fig. 20 definition of SIMD type.

RIS 7 T Ak EHEL, SIMD EO 2T 7 ABEEREF
EXRST B AT 4 7B B o — FIC BT D08,
FOPRBa—FRITRTH LA 2B T 0B, R
BB TIERAE LY o1 8 FIBMNT 5 2 & TR
FRETHB.

C++ERBIc B 2 BRI AR 5 M Rl b Tk 41

21 EfEREDEOH
Fig. 21 example of bitmap blending.

6. EF i

AR L 72 3 O BMILFEE EA L 2V S (no-
opt) EHEALHEE (opt) Da—RI A X, F{TH
MoOkEE, F1IOFT 2EED C++EFOY—R
Z a7 T NIDOWTITR 5. samplel 13, EF —
IRERENTHWARET ST A0—8% C++5
FBCTEEZHB|ZTZLOTH S, sample2 1T, BWEOHEE
RHREGHLET 1 DOEBREART ST 27T LT,
EROFHEICFNERFER I TWA, sample2 @
Iud I ATHELLERORREER 21 1ZRT
72%, sample2 DEBE(LAEZEA L 2V EA D8N
BLLINT, 7T T ERTHRRL 2 B%E PO
T eI K VTR

6.1 aA—FRH4a4X

F20, RN T EVERENTEETERD
a—RH A RERTHDOTHAD.

7u2 7 A samplel TiX, HBELEZERALEZES
I, B4 7V PO ROMBEEIZEY, RAMM
BAHLTWBET TR, ROM HEP LTS, Z
nix, 2210”7 EIREHRAT V=2 bD ROM
MBI L 58S ko, BT V=2 ¥k
WD =— K OHIRIZ X Y, ROM BB EhizZ &
&3, ZoZend, RAMYVAXERRT AL
BDEMTHHEEAT V=27 b ROM BB FEI,
ROM %A XOBIRIZ b EMRT A B3 00 5.

6.2 E TR M

£31%, 70l A0ERTHRERTLOTHS.

®1 FHES ST A

Table 1 source programs for evalution.

program line | class
samplel 3831 44
sample2 242 3
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£2 a—FHAX (B AL R Fa4 AR (D)
Table 2 code size. Table 4 Compilation time.
program " “no-opt opt (=) program no-opt opt (thR)
) "ROM 41256 40312 (97.7%) Compiler | 48.945 | 42.235 (86.3%)
samplel ' RAM 26744 21560 (80.6%) samplel  Linker 2.176 1.536 (70.5%)
total 68000 | 61875 (91.0%) total 51.121 | 43.773 (85.6%)
. ROM 1216 1172 (96.3%) Compiler 0.658 0.648 (98.5%)
sample2” * RAM | 143948 | 143948 (100.0%) sample2  Linker 0.311 0.312 (100.3%)
total | 145164 | 145120  (100.0%) total 0.969 0.960 (99.1%)
KIS %5 BBAERIES X b
L Table 5 Cost of implement.
40000 |- X oy BOm{E AT YT
g Fﬂﬁ«;;e;g,) e T\ EEIZRLL TR B BE RO L 820
o AT V=2 b ROM B@E 900
20000 |- 57 < 7B S B 3575
E 5304
ERA ST b
- ROMERIZL3
>M'J>5}
20000 - BLE S, b~ FRHIREW D, ZTO8
- SOOI EL TWERHPHBEN 2D TH 5.
10000 |- ORI, MAIRAARY TNV THEOCESETH
i 3, BB 80 - Vo 7 BRSO
HlxER SN EEZ LN S,

ROM RAM

R OMPAEHIEAE M
22 samplel O R4 X
Fig. 22 code size of samplel.

ROM RAM
ROMAL LR

3 EATR (B VW)

Table 3 execution time.

program | no-opt opt (thsR)
samplel 74.59 73.64 (98.7%)
sample2 | 972.84 | 679.47 (69.8%)

Fu 7 Ak sample2 T, HRELEERTIZ &
W28, FEATHERER 14 fFicRofz. Zhid, sample2
T, ETHEERRLEWT T A—F R T
HY, FEIZE D Z OB LU EEFOHL
WEBERTWB e, TOTT L—F L NETE
AEn T A8FINEdMaE o A IR E#EART
B ECEY, BETFORHL 04—~y RAHIEBRE
NTW3DThs. FABEEOEEFOH L ik
OHEBRALEEAE L1E, AT 4 7TOEGSRE
DB EBEHLUBAE 1.2 4%, ETHEENRR ELE.

6.3 T2/ AILEE

F£4lx, ST LDar I NANERY I E
L7-RfE2RTb0TH 5. FHMEIL SPARC V—27 R
F—3i g (SS-UAL, 167TMHz) 2EHAL TiThot

samplel T, 21 3AMCET BREENL, Rt
AT TR/ E DT, Tlablehofziga L bk
{7poTWa. ZiuE, BT V=7 FH ROMIZ

6.4 IVNASEEIRF

&5, ATRL 7= 3 MEORE(LFEE, TRVT
Z, VohEBLary ATV AT AIEATHEIC
BLEaXbERTHOTHD. a4 TV AT A
BERORT v 7EIE, K25 FAT v ThHY, &K
D2%BEICHTD 5304 AT v DERICLY, =
o OBBHRER EETX .

F7e, ERDO B AT 4 TABEGSEBEILOARN <
A IR FELTRBY, MORR o7 X5 4 7 B
FEAETAYAARICERI LT URT 2B
THHREIIE, ZOBHOHEERE T L.

7. 8EbhbYIc

CH+EEAMAIRALY 7 N = THRICEATS
BoMEE, ar A AREO#BNE ML THERET
2 EEEFIHECOW TR, (AEEEOEERCH
U FREIC L0 ZTHEOR B3, BEA7 V=270
ROM EEEFIEIC L D LEE A€ ) BOBINEN FTEE & 722
5. ¥, CH+ERBIR LD AT 4 THEZ RS A
T AT NEGTEERAERTIFETIE, AT T4
HOBREBILLI2RBRE BERITOMSINERT
&35,

ASHIE, BZA—F 77 OEFOS B S S
RETHAT V= MERASHEILLZ Y7 =T H
FNWATEER L DI, 2231 T OMBIART &
BLEERE D IRIGIZ DUV TR L TV & 720,
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BEFN 20 R4, BRFN 52 ERFKE
TEHET LR EE. FERTE
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