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A Solution to the Polymorphism of Object-Oriented Programs in WCET Analysis
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(Department of Computer Science, National University of Defense Technology, Changsha 410073)!
(School of Information Science and Engineering, Henan University of Technology, Zhengzhou 450052)2

Abstract It is a tendency for real-time systems to be designed with object-oriented modeling language, such as Unified
Modeling Language (UML), and implemented with: object-oriented languages such as C**. However, some object-ori-
ented features like polymorphism bring about challenges for Worst-Case Execution Time (WCET) analysis, This paper
presents a solution to cope with a kind of widely used dynamic binding by introducing UMIL. design information into
WCET analysis. Realizing that the association in UML is a relationship between two or more concrete classes, we em-
phasize the specification of the multiplicity of the roles of an association, and suppose the ease of establishing the map-
ping between an association and its representation in source code. Based on the multiplicity of the roles of association,
we compute the execution count of a loop structure that traverses all the objects of the sub-classes a super class variable
represents in the loop, and determine the number of objects of each concrete class in a super (virtual) class call site. By
combining our method with the method of Corti and Gross, we can calculate the WCET of a program written in object-
oriented languages with polymorphism characteristics. Empirical study shows that the cases we explore are broadly
used in object-oriented programs.

Keywords Polymorphism,Objectvoriented.program,Worst—case execution time analysis, Real-time system, Software en-
gineering
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B, FERRLAREN RS AR EERER MEMAN

) ERBRPIFERE (No, 60303013)% B EEE LA, BIF . KRGS RIXTR T I EH
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AR H— A TR WCET 4 h 285 (B
) RIBRFT . BIVBRE LN R IRIHE S VAR [
MREEEST — K —BEEIEE UML, ZHESHCT,
AR FE UML SRS b i I CHK X R (association rela-
tion) FARRMARZ F X R H . Bt A RE R IR S
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XA EIHE ERARPIA B R T R B AR & Corti
Gross J7 31 (i#k CG J735) , BATAT LASHT BA BB HFIE
R R W RAEFF o

2 UMLhiXBXRREBFRT

2.1 UML HEgXBEX %R

UML BAFHEEIES . “UML Profile for Schedulabili-
ty, Performance, and Time”" & UML 7E3ZaY R 40 B4 4708,
HISNET BIES , CIEMF A UML 28 694r Bt (diagram)
EAb b R T Ea R Aad ) AT B A R BB R
HIBRHE T, LUE M B AIX £ 0 A KA AR

KER-FEMXER, EHAT -MHEYHNRE S —
MEYIRAERE. —MUR, SE EEF A BHMEE, B
A UM—PEH— TR IHME D PR IR K
ZI8R.

BN RZEM — R RBRBRORFELZ R L%
F. ‘AEEIFNSMBEESLAETR-BR . AEEE.
BXFFRE B/ HE BB R L (aggregation) K
ROBARMEREB/DIBARN ., BER SR ERK
REEXR,

— MR RBEEN L], EHRERFYMHER,
RZEEEBEXRER TATULAMMEZRMRR, XK
KFRPEMLE M (multiplicity) TR B RN EE LG,
FKEERPAA ole) WEEMIEH TH 200 R KRB
HILBERE HRANENTEEREE, FAXERRGEEI
ARIEHXRBPRAEHNEZES, HENRAARITARBEE
PR B AR B R E R,

2L, A E 1 FE 2 5,
/™ rectangle, 3 4™ circle #1 2 4 polygon #H . 2 rectangle,
circle #l shape B2 B 73, B L7 2 picture 12K rectangle
ZEER R BK. 2 picture FI2 shape 2 [B) B KBk, B 4%
shape H LB, [FAT, 2 rectangle EXBR PR L EHR 4,
AR 6, B ARKRTH rectangle WEHBLH), HHAEHETF
% square LB,

—A~ picture § 2 4 square. 4

1

D000 http://www.cqvip.com]

shape
#origin
+display()

Rectangle Circle Polygon
-corner : POINT -Radius : float -points : List
+Display() +Display() +Display()

Square Picture
-Component : List
[+ Display()

Bl —1BFREERE

2.2 BERXEBHRTRIGE

KX R RIREERE N —MRBNTRIMB 55—
B, BOEZELEGRBEXREY A RMHEHEZ A
(reference) LH™ . BN FHERBAESENHIZ M RE
KR HEIRAIAMER,

ERFPBEROAREMRIDTETLIRF"HFHE
ARt S . H, YRR A e, JTRUA R TR R
HEFEHEIE—-IWER.

MHFRBEXR, AHEREXR BILXETRAAIF
AR, AT Ef1SA — MBI, B KmR &
AENEBERSE. N T 7 E N — BRI R A B
HHEXR B ERMBERERU-FE TR (LERT R
RBARE R TI R AAWA LG, XAEFRALAEE
BB TE R XER P SRUFT LR, st BT A
BMBEEREBERRPRRBEOXTR, EHRH,
TE@E 2 tf, Picture #) & # Component & shape #1513,
& F Picture Z#, )k Picture 3@ i3 Component A L i [a] £ &
A shape 314,

T ——

Component List 1

2 l_———’l‘—T 2

origin origin origin origin
corner : POINT Radius : float corner: POINT points : List

M2 P RRMEELE

MEFENRERHEXBEARFRTE NS FITR
i, RS BEE FEIRS R T A MR, TEHE
IR FRIE R F R BRAH R A3 . 2B 3L, 2§ Component
% shape F¥(4 BT, Picture & A LI B EARAY .

@ for (int i=0;i< Component., GetCount();i*") {

®  Component[i]. Display() ;)

¥ Component J& shape (354151 F it , Picture
TR\ERHEAH.

(DShape * pShape = Component, GetFirst();

@ while (pShape->1IsNotNull)) {
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SR

® pShape->>Display();

@ pShape = Component. GetNext(pShape) 3 }

st , UGE T TR R B R ERI R EA L
DR RERH P BENRB IR Z0WR. BR, HeEBE
S FEFR A UML MR b R B 06 2R 22 8] A X B 5K R i, e
BRI UML T B RGER P,

BN, FT LA “RB S L5 R MR SRS P i
RO TRATRAMENTENR . TEMRH M H
UML i ERIp XX RN A G L TR . EEHER
FRENEFLEVEARM UML BRI R LR ERZEE
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— IR E .
By 3K TR SR 3R L AR BAE M IE A E R AIEER
M UML SR X R R BT R KR, R, A RES
¥ UMLBERIF R X R LIA TR, FEERNE,
B () A B R S R R B AR, T AR S T R S AT
HEUSH— T BERR, B AR R G ESEN,

3 FA UML RR)XBRX RO T2 FF 4514

3.1 RERBERREBIEE

M UML iR i) R BEE R AT LU B A K2 A1)
ZEHXR., BEFANESFH Class]l M Class2, ME A1
FMEERHK m: n, XBE m £ Classl XT84, n £ Class2
IR AERER BH m K1,

i AR — X B B A — % R, B
AN BFREE M FR2Z AR BB M R BEBE T 'R ATR
RUFTEMBRLEENEM. BE, YENBEAELI X
BRX RE N — i EIGF S L BR A B, AR
Eﬁg*ﬁﬂiﬁgiﬁﬁfkﬁn TEEHEA.

Station T

,,,,,,,,,,, ?.,:,f" 4
1[ DeviceA

e N

¥ /[» 1A 1

\!‘\“,,4,/;/,‘;3__,“,A ) pemen ,:\i.i,l,?,

[Spaed Sensor prssure Sensor |

B3 EREHARNEXRE

YT 3 BT i 52 B #8 il R 45, Station MR ATE 4 4
DeviceA X £¢.5 4~ DeviceB Xt % .3 4~ DeviceC Xt %, —
DeviceA X R #5 3 4~ SpeedSensor X% .5 4~ PressureSen-
sor ¥R ; —4> DeviceB ¥ % 4% 2 4 PressureSensor X% ; —
A~ DeviceC X A13E 4 4 SpeedSensor X5, 3 SpeedSensor
F1 PressureSensor F& Sensor 5 -FJ&, 3 DeviceA, DeviceB
N DeviceC 2 Device 2, INE 4 fix,

" DeviceC |

Doicer | |
H {

S|

DeviceB |

o (”ﬁ...~—_<

B4 LSRR ERRAEXRE

WsE ot A Station 5 Device Z 8] L1 & Device & Sensor
Z 1A 5 B M Station ¥ %2 SALF Sensor X £ 6, AN %
TREGRSWRE AR EBFRBEINAE S fin.

// pStation is pointer to object of class Station

(DDevice » pDevice= pStation-) DeviceList. GetFirst();

@ while (pDevice-)IsNotNull()) { // iterate 12 times

@ Sensor * pSensor= pDevice-) SensorList. GetFirst();

@ while (pSensor-)IsNotNull()) {// iterate 54 times
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® pSensor-)GetStatus() ;
® pSensor=pDevice-)SensorList. GetNext(pSensor) ;

@ !
pDevice== pStation-)DeviceL.ist, GetNext(pDevice); }

B 5 A RRE R AR

Mt N E PG 3R “while (pSensor-) IsNotNull())” @y 2% 4%
B MER TR E . 24 pDevice /R DeviceA B, H ik Rk
¥k 85 ¥4 pDevice 3278 DeviceB I, A WE R 2; T 4
pDevice F7R DeviceC B , B R IREUN 4; & AAEIH .

3.2 RESERERAHERLE

BRI BT R & S ERIREM P — B RBAE
RERRE BRLATRER N ZERAZEHNZ LR E
—MEFRHATH A R H B RKIBA W AT, @R $
BREAVITIH RS TERELES ENREROIITITE
BHRUL, BAT RS R EE 5 RBBH AR ER
KEERE BT E ER N ZERI P HERF R RITH L
BEAEFERRHIITHE. HERERHRTIH R Sta-
tion AT A £ 2SI B M, E & Station 1 DeviceA ., DeviceB
1 DeviceC & AR ) B AN ZIE R :3X 4+4X (3+5)+5
X2=54,

HTHEB I HRENXBRIER R HEA N IT TR, F
BEXBREMIFHOENER, A 6 fiR. HENGED
AP R E X struct variable_info, X F ZEBEIFLEM,
variable_ info /] outerVar B— 3 HE/N BEHTEH
85, 2B, innerVar B—M 8 B E BN ZEHRE R K1
. MBH XK TE R T ' AT, outerVar 1 innerVar
NULL, variable_info 1 ] count B iIZEHR TR E/HFE
IR R B, ClassList REBERITRERMITA LHIIE
(AAREHFER D), W RELRSIViH. NRKERR
—NEE, REER/AEHEAREN - BEFEHAG. W
ClassList REIE AT, WATHKER 1.

AREXBPHEPEE X struct class_info, class
info FE id R IEXE MR, exeCount BZEXREMHEHF
HUATHE. X TFRAEMI TS, H exeCount H 1,
sonCount XK HEA AWM FH. MBHEEE I,
R} sonCount 3 0,
struct variable_. info {

int count; // the number of objects it represents

struct variable_info * outerVar;

struct variable_info * innerVar;

struct class—info * classList; };
struct class_info {

class_id id; // class identification

int exeCount; // execution count of object itself

int sonCount}; // count of objects it contains
// multiplicity of two classes

int Assocl class— id_ number][ class_id_ number;
H6 HWHEEARITHERABIESW
WRTATIR . R4E UML BRI P B K 5, T LL7B B
PAITEZEHEEREMNXR, KEEBEXT —1MF1E
{whole, part: multiplicity}, X B whole 23§ 8{&3 (R,
part BRIEF R OUNA , — N R LK T S % T multiplicity
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MERARBR . HBE BAHEIERA Assocl classldl [ clas-
sId27158 BRI 45 # F, Hog classIdl il classid2 43 B &
MEMFFIR. WRFHNHERAEXBX R, W Assocl classidl ]
[classld2]=0,
FMREXRBREAPTH BT EAERL. 8%, 8
AARBEFARR BT PR RBBEA LT B (BHEBE
D IS BB ER T B variable - info 5. BiIBRF
SHTERE B UML A A] LA 226 2 (A M4k AR (5
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BT SN EET RN ClassList 51,

BB HEBMREXBEIFHATIIR, BEXK
B RINZHR BB —ERIFBR TR ERRA M NEAE
EHRRER, BA A DU “this” 25 &, I8 A TR
BT, B AT LA R KRR R4 58 p A R LB A2
BEERER, 260k, 85 RBRITBINZHRTRR
pStation, } ClassList R H O, EHITIHE R 1.

Objects Variables
| Sution | pStation |
] exeCount=1 \ = ount=1 “
| sonCount=12 . L/_Hc_ﬁg__,J
A
- e -
DeviceC | r DeviceA | ‘ W \ Devic ‘—l
exeCount=3 | | exeCount=4 ‘ f exeCount=5 = ~ osnt=;+:+5 [
sonCount=4 | | sonCount=8 | | sonCount2 | R
S //7( ‘\\ ; - o T
4 \\\\\ /3 5 \\\\ //'/ 2
[ Speed Semsor | | Pressure Sensor | D Semsor
! | B pSensor
exeCount=24 ] exeCount=30 = ‘ ount=24+30
.___sonCount=0 Jﬂc_oﬂ’l‘f’o__.\ L ° J

7 E3.E4E S P THIHE

3R EER E AR B cu 7

cv. classList[]. exeCount=
2 Assoc[ cv. outerVar->>classList[ 1. id ][ cv. classList
o
().}
cv. outerVar->classList[j]. exeCount D

cv. classList[ 7). sonCount=
ii Assoc] cv. classList] i1 cv. inmerVar->>classList 5], id]  (2)
F=

KB, i=1,,m,m R co ATLAFTRM BB R, »l 2 4
FIR cv MEERSNEMNEZAE R ClassList BTHE

cv. count= _ilclassList[i]. exeCount 3

A 3. 4 F1fE 5 HF R E IR 7 R,

WHTET IR , Besh 2 B8R B O pStation, 3 ClassList A4
A B E exeCount K 1, H B H outerVar 2 NULL,
BIEARC) , i%2H sonCount y 3+4+5=12, HEt, 1B
A#(3),pStation [ Count H 1,

ST E pDevice, B # R 3 DeviceA, DeviceB 1 De-
viceC, I (1), ClassList 124 DeviceA , DeviceB F De-
viceC IRt BT BN 1X4,1X5 f1 1 X3, 5X B 1 Rk
Station X StEY AT T, 4.5 F1 3 43 HI R Station 53§ Devi-
ceA . DeviceB # DeviceC () ZE ., MIFE AR (2), 2 Devi-
ceA,DeviceB F1 DeviceC ) sonCount 4354 4.8.2, R4
A (3), 2R pDevice HPATIHECE 1X4+1X5+1X3=12,
XERAE 5 P —MEFAERKRE.

St FHEAF R pSensor, TR Y SpeedSensor Fl Pressure-
Sensor, RHE/AIL (1), 24 SpeedSensor FIXT AT EN 4
X 3+3X4=24,3% B2 DeviceA I DeviceC X% MIBTHH 8
7 4 1 3,28 DeviceA il DeviceC 45 SpeedSensor )% &t 4>
$I% 3 1 4, % PressureSensor H) % RHTHBCHH A L.
RIFAAX(3), R pSensor HPATHEA (AX3+3X+ 4
X5+5X2)=54, X ERME 5 PHEBIPHIITIHE. %
SpeedSensor F PressureSensor B sonCount 3 0,
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4 LT

XEAH I MEBERBEN C BRFNIRIIRLS R, W
#£1PR. BIPREBEBFRBREAFN, REBE—
Ak E TRITUAFROEITEGRE W ETH,ZRE A
% — G AR 15 M ARIBERE .

# 1§, project & Come from FriE R FEERF BN A
=%, Classes. Super classes #l Their sub classes J& EA1%+ M K
KB E . sourceforge J& 18 0 4 FF v 8] B ¥ http: //www.
sourceforge. net, Pande &35 X[ 7 ] IR PG, X BAH
HRAFH.

FINHSRLRRERMBETFRT T ZHEANXER.
R2BE 1 FHBRERES AFMIE X, Unified form(ZE—
) F1 Other form(HTHEK) . Unified form BIEBETE
g —m Ty RAR LI BER T4 512 AR AR 7
MR, CERAXKENER. Other form BIFEHEHM.
Unified form #1 Other form B2 FEHEAAR average= (X
Per. 20)/n 18, X8 n B3 1 fIK 2 By 5 HE.

21 ERESE

. Their sub
No. | Project name [Classes|Super classes Come from
classes
ffdshow 47 2 24 sourceforge
2 | ariannexp 35 1 18 sourceforge
jobprocessor | 2 1 0 sourceforge
bochs-2, 2.
4 . 74 1 26 sourceforge
pre3\ iodev
5 | visleg 21 1 6 sourceforge
6 | ocean 1 3 Pande
7 | stmul 7 3 4 Pande
8 | Drawcli 22 1 3 VC samples
9 | ComManager | 45 1 15 self develope:
total 260 12+99=111
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22 RBEFFPABXAORT

No, | Project name Occurrence of su~| Unified form | Other form
o perclass variable Num |Per. % | Num, |Per. %
1 | fidshow 3 2 66% |1 33%
2 | ariannexp | 1 1 100% | 0 0
3 | jobprocessor | 1 1 100% | 0 0
g | DochsZ 2 0 0 9. 100%

pre3 iodev
5 | visleg 13 1 8% 12 92%
6 | ocean 3 3 100% | 0 0
7 | simul 1 1 100% | 0
8 | Drawcli 1 1 100% | 0
9 | ComManager| 1 1 100% | 0
average 5% 25%

ME2AH, B PHBERERE WAL -0 RR
AHTENR BRUEARERARTETENR. AE
2EAIAL R KRRERRPERRR RRRBEXLRER
WML FH X REE BN,

AR ERARABEITEN, B 3TE K WCET #iJr
AT AR ATRURT A AR R T 28 7 ik B B K 8], R A F
PREN . XM EEARKE, EALRED,

5 WCET o#f

F B e B3R TR ESS A CG r skt R it
BEEXSEFE WCET, WCET 44 HiR R~/
FFBRTESE E AL B4R LB T 2 AT H e B KB E B RN IET
B EfE R . WCET S347i8 % 48 W #5843 . By W 7 Fn b 2
FIFEHT . BFRST A TR EB/ARBKE L EAFR
BEFMSS THEATXOBEREE . SBEBSSEN T
T EARRE EBRUE R BATIE D2, L indg & S arf
BERK.

CCHBERATEEN. BIiBAXHFEMAT CGH
LA EENEERE., CC FEEFEAEHT 4l
W BEABGEAFE S PATH TR, THEBEX =549
BRI A SO B A F CG ik

5.1 L3

CC IR FF BRI S0 B AR EN R KR TR,
BT (B Dy X 80D Fn AR S8 X, 00
blocks. if-then, if-then-else, while, natural-loop. repeat &, %
WA EEER A E ERBRAI X, EhHES5HR
FE5E U R DK AT HU B, IR R BT Y , i X B g B 1 2
—MEET A, RAEBRRER B THRIAMT S ML,
A 8 JiH T — MR C RS ML Mtk 4.

BAWRRT CC M Ham R AAMEL I LA
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. —BEERBRER. BRFEHARKN V-Cal, 3¢
FEX A, LB 5 1B #9“ pSensor->>GetSta-
wsO”, EA AR B4 BAEE kR AR Az a5
ZEHE, V-Call ®m Ny 3 MER4 R T B AR
#1 return,

“pSensor->GetStatus O V-Call 10/ 9 iR, WEHE
B, m o ESBREARE, ZRATEZRXOINE K.

while (A)
{ if(B)
&
else
D; }

E;

B e iR CARBRSHILNMT
H o F. =1fthen-else(B,C,D),G: =While(A,F), H: =Block(G,E)

ACO #N

K9 K 54 pSensor->>GetStatus() ] V-Call

5.2 BXRPLER

i Healy TR IR b, CG sk 2 4 4347 AT
kB MEFIERERRERFL . BLIEBEFERKE
ORI AR & BE A2 R & R s & Bk, CG ki
BHEHBITRES I RORER L.

V-Call #it EETE 3 WK, —MEARE R
REROUATEHNBEAEHHERKE. X TEEATR v K
V-Call, st v RRBIEIFFAIRE T FRM BT R, LLinE
5 FiEH] 3 F1 5, AR A BN BAERPAT exeCount K, exeCount
B class— info FMRNIR LA . 1R v B v AR LB
B RBEEAT R, BAiH N o N T ERE R RBIEDR, thin
Bl 5 g 6, B8 4% AN E K% i PiAT subCount ¥K, sub-
Count i LA T AHIHE -
sub Count; =classList[7]. exe Count * classList[ 7 ]. son Count (4)

B 10 ARSI E 5 AKX
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X i=1,,m,mBv JEERIENEE.

B 5 ) X8 R KB 3 AR BOPT el 10 3B 45 HA
HBA RS HHA3,

& 10 H, BRI BFER RN KIE R TS, r /K re-
turn,A.B.,C 43 5l#8 DeviceA,DeviceB, DeviceC, S #l P 43 8l
#§ SpeedSensor il PressureSensor, & 10 RixiE 7 &K K
AR R T8 AR A% AR

5.3 IESHITHIE

— BB EARMERREBEZ G AT ETER P
RIS WIATEE JAHI%0 .. CG kLM B R (38
B FIRKLKMTTH

RTHEHEE — RIBLSIATZAIH CPUGRKMZE )
REHHER B AT ], B YRR S T B2
H R E 2B — & TR PLE B R RATTRER, BT DL, i 48
—RIGERSEEM (FKMEE) EETEA MR R
B, g E et R, AR . 2d—ErnEZE,
—ZIBLHTKHEFEHMRAAAET.

MHENEAR b HE KBS, AENHABRNERE
n I8 LMEERIHT A RAK LR CPU PATHRTHAR. n i
EIRI N SE B 50 B 100 £HELSZH, KB BR,
n FEH K BB L, N ARF N WCET it A& AH &
{‘h[ll] .

LR, RAOMEA Tt CG ik 8K CPU #
RPGEMH B E S MBS B TR AT. XBEFEH
200MHz f) Alpha 21064 {4t ¥ 38, CG 7 B:{# FH B & Penti-
um IIT AbFESS .

B LR EERASOIESATHERPERIESNE
FRdnTRS ] . BB B AT R AT IR BN . &R
JEARIE BT R REHE A RS2 A A BN A H B — R A8 S AT
WA, EARRPITA TR AR BINBUE X T EARK AT
BHE], TEEEME, V-Call S 047 6] 2 K BT A A1k
FrET Rl 2.

ERMWER P, FRIMVUBTIF ZH WCET 447 T
AU R L 854 CC HESATHR . KERE,
Xt 5 B MBS, 78 Alpha 21064 T IRATASE] Y 10,
268 A

6 MXIE

HXGiH WCET B FRERCEHM TREZ L
g 012~18) e e B TAREEDS S0 R H S R AR
FEE B owws 1R EE RN R IE S BRE Y
BHBEHRE.

Gustafsson™ £23R T 1 7 X R 2 FF B9 WCET 4047 30
HHRTHEERXRBFH WCET &4 a8, ﬁﬂﬁl)(
BUSsSER G sh S e .

Hu ' 8 — R T Java B S HBEIS45E R E. ﬁﬂﬁﬁﬁ
ERGHESISHBEN SRS AP R EF SR E
KEAMNE FENTFEFENEFEE. EPSEEENTE
£ A3 fl A4,

//@DefineScope( Scope Name) A3
//@ScopeWCET(Scope Name;nCount *
UseWCET(+++)++++) A4

DefineScope OFFiE Bl A3 I F 8 L — 1 A sk E ik
EREHRLIE WCET, i Scope WCETOFFIEER A4 B3k
o 254
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PSR E R WCET 5%,

RER T RIS tbin 2. 2 THARBE, %
RMATE RS, BX FEERBRER, LinE 5 R
BB AL AR E RENMELRIE. 556, FIARE TR K
HE5 e

FRFKRINE AR — PRI R R LR T
WCET 234t (A1 B 148 77 v » B i 8 1 25 25 M 1) S T ) f)
B BATERBAN N RREZ XX R LERREXFR)F
AEHNSEN, HEERY T ERE T RIT PR REKXRS
SLHRP KRR BFAIBZ BTN R, RITEET XK
REMACHR ABETRE—RR NBAREH) K1E
o BT R PR RR J RN TR TR
FREEF G RE T IEARPIT L HE TRERRCE
g BRI RE BT, B CC N EE. &
XHEREESHTERA S SHFEME RN REFH
WCET, LRERZY, AR RKELER AN REF
R EFERN.

% CG il B, A 300k B AT FBBAL A T 5k ad &
8. ERATHMEASCTT B REH N F BIBE SOt R4 RIERRK
T —SZ MM IIE. T—HIELRBERE LR &M
WK R R A EZEZ BRI R R URE— SRS
SHSEBRRFZEEX KR,

8 £ x &
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