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(branch-and-bound, B&B) 1 FIEEELL U LIE (integer linear programming, TLP) 16 %%, J5 & A2
FEAFEBEHIL (genetic algorithm, GA) 78], BLIR K H % (simulated annealing, SA) %101 Fx.0»
SR I 2R R B (tabu search, TS) 2131 WUHFAE (ant colony optimization, ACO) M4 Flki ¥
FEFVE (particle swarm optimization, PSO) 15161 25 R Sy — M F 0N R i) 40 1) 8, 244 1] R
BRI, 77 R R R U, IR 7y B2AE 25 O P R BT PR N B 1 AR A I RCR, 3
ST e A E K 2 50, 1R LA e B9 (1) 1 g 7).

MreesE R RESLE BRI RIFAOTERE, ) N T8RRI 7 18 . R PSO SR AR
BCREA ) o3 W L, SCHR [15) UKL T SEVETEACHT —R UM AL BRI 1) A T8 A ik, Dy 1 a8 G L sali
SK, SCHR [16] B T — S BRORL T B SR SR AR R A R o e . SCRR (18] At — A A ) AR A )
IR FRIGE T 3T PSO MEREAE R 4y 7 iEAEERE AR T TLP, GA F1 ACO. ik [19] 454 &
L SRR 53 SR S SRAR SR A K] 4 o B, B B PR AR AR T e 43 SR . SCHiR [20] il
B PSO I TS SKARGAEAT R 73 ie) @, R GA I EHIAISE ERAERE S PSO 1) F 2 Sln) . 1X L6
BERPRLTHE SRR AR B 00 22 REPE AN P % 99 77 THI [N 25 18, AR 1) CPSO-HS Id I ARAT A3
IR K Z R, e HS SEIG s & A b itk Bk 9 RO B 2.

TE SR AR R AR FRAE AR 7 1) RN, 5 QSR Bl AN 1) G, ERLHAH SR e die H 8 T e PR e ik
S BRI SR AR 75 8 YL {H R iy T IR S T 8 R s UBRE IR R RE AR 23 T3 V2 B AT AR, AR A 2
PR FEREATEE. A TS TR ], SCHk [20] $R T2 CPU SEIRIFHATIR SRl SRE SR
B AT ) 2 e, SR [22) KRR T MPT SBIR) AT 8 A% S0 R T SR Al 1) R, SR (23] 42
HRH GPU FHAT I B AR 73 el R X 8 7 V00 2 ek AN B AR 43 i R AT ek, A S ) ik
AL AT I AL AR 737595 A B eI R A O TH R AR, B RE IR IS AT I ).

AT BRG] S e R 1 SR (2, 11] Hhod ] AR B RSS2 | o i ] 2 ) 8t 5 S — A
TR 0/1 56 RR, 35t —Fh AT I AR 75 RL B SR SR AR IR S [ . Ry 1 et e R SIS SRR BN

P SR MR 2R BERSETH R A 2, SSOEAN R J R BRI WI A A S, F HS SRRk CPSO-HS 1,
A5 21 2 R IR DU BTE S HCE R AL B Oy 1 IS+ CPSO-HS RYERBEIFRI 70 Uik, A AR
WEZZIATIA S 5

HBAEFIEAR, CPSO-HS Al it fe 51 at ik, i MARPME 5 584 R TR AU
fE CPSO-HS IR IIERH, BT 1R 5 B S 2 IR R E . 2R 82 46 8 3L, %
AR RN R RN RERIEH. 5 PSO ML, CPSO-HS i BRI T 1) AR
178, IR R M 2 AL I ek HS ik, msRd R e, Ak, CPSO-HS Wl R iH5
a7 8L xR R AE ok« I RIS [A) A ARG, SEOINIE A SR A R A R A1 Jt) 2 ) AL

ARG : 5 2 MR RE AR, 55 3 S0 3- MM ARAN A KL HESLE, 5 4 &0
SR R MOARAN AR T RS B AT AR 20 D732k, 56 5 B0 3l SRAR AT 35 X R i 1k g
BEAT T, 55 6 BB XA SCHEAT B4

2 MxIfE
2.1 [EFENX
AR SCHR [2,11] F 82 R AR R, FIATERE G = (V, B) #iid 2441 5%, Hd v Al
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E 73RS AARIEER, 56, b AT ¢ 20 FRIRES 53 v WVHAE S BEAEATE AR, BAE ) 23 1)l v
LAfIR N e MEARAE R L P

i o hi(1— 1),
P{mln Do ha x;)

(1)
st. Y siwi+C(x) <R, z;€{0,1}, i=1,2,...,n,

H @ = (21,22, wn) FORPRELERI D FREE—ME. 2=1 (2,=0) Foxzgi s 2HAT (BE1F) 25
C(z) XXy o KB, R ELR A i i A, s MUt Py DU ek
LA A Q:

max Z:-;l hﬂ}i,
Q (2)
st. Y s+ C(x) <R, z;€{0,1}, i=12,...,n
TESCHR [11] 1, C(z) B uR ARE, FHod 0 <w < 1, AT Q Bk vl Q'
Q/ { max ZZL:l h,SCZ, (3)
st > sz < (l—w)R, z; €{0,1}, i=1,2,...,n.

T ELA A KP RVREE Sl 7 e @ ARFARAL, R B iR R R, b =1 (2,=0) B @ 1F
(AME) WEP. BETRENMINE —DNEE o DI b, W6 RRER R

ma T bz,
KP{ X Zz_l (4)

st >t jwa; <K, 2, €{0,1}, i=1,2,...,n,

Hrp K REAKEE, W Q W hyy s; M R A4HINMNTEHEERE KP FH b, w, A K. AN
B ME— ZE R AE T 8 Q A BT C(x), BT LA SCH 8RR 2 U — AN K 0/1 A
i 7.

2.2 BANEZX

H AT, 182 5 R X EEH T SR AR AR 3 B 1 R SRR (1] BB 23 10 e SO — -9
JE 0/1 BRI, $EH T 3 MR KM — 48 R B R X KR AL 721X 3 VLT, Algnew3 ]
PERE A, A SCK HAr 28 Base. 5% Base [EH R8N O(nlogn + d(n +m)), HHo n 245501
BH, m RIAWEH. SCER [13]) 21 T —FE K XE L Heur, HBFHEZEN O(nlogn + m). 1EH
% Heur W, N T3 247, Adjust-Out FI TR Ay Lo [Ei/NOYE. T I 4 mr s,

Si+ci

Adjust In FITBAT A L [HRKIY)E. 3R [21] 11, NodeRank 5% F T SRAREAEAFR1) 43

sitci

i) &%, NodeRank HiZEMIN 8] & 4<% A O(iter.num(n 4+ m)logn), FHH iter num FNE KIEFLIREL

2.3 FRENTREE

KL AL & B Kennedy Al Eberhart 38 18X & AN LS AT N ROLERAT 7T, St (1 —Fb
Bt Sk 24251 T PSO B SHUD, AL, O 2R TR EE A e BB AT
157331 (26:27) S5 2 A Ak ) L

FERRHERL T HESIL T, xSize MRLTAE n 4k H AR R WAL, FARFA T @ R0
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HEETIIALE X, SV, MBS EIALE pbest,, W

Xi= (X1, Xids -, Xin)s (5)
‘/i - (‘/Z.].?"')‘/id7"'7‘/vin)7 (6)
pbest, = (pbest,q,...,pbest,,, ..., pbest,,), (7)

HAr 1 <4 < xSize, 1 < d < n. gbest = (gbest,, gbest,, ..., ghest,) A& HI AR I 2 /R
e NI A ey s = AP S BT L S s

VIR = wVh + erri(pbestyy — XE) + cora(gbest] — X7), (8)
X5 = X5+ VT 9)
Horb w 2 H TP RS R 2R R IR ERUL, ¢ A1 ey Z2EIETF, r Al ey ATEXE [0,1]

B A HIBERLEL, k& s X (8) B 3 #R ALK, HhEs 1 S kLT A TR 5 2 o)
TR T3, R T A B B B 3 Ry Ak S, SR T A A A o £ Rk 1291,

3 MARFERFHEE

WRAERL T BE R A IR 2034, BAER AR S 420 2 dE AL In) B, s 7B SVE A7 A0 B SR 2% 5
BN SR SR AL 1)/ 1301, SR T 4R A R B A, A ST IS 2R 1) 2 RN v P 7 7 T %, B HH AR
AR R, I BRI AT Jy, 3800 TSR AR I 1 2 e it HS A YT 2R
SRR T SR AR AL B, 3 5 2R () S P
3.1 MARNFEEZE

W5 ORI 22 00 0T B Sxt JE [ R A58 43 B Z e SR T, BEAR IR TS
BIEE B $ AT NS, MR B WAAT A, Ha ) TSR B AR 7 R AR e At o5, DA
G A B 2 B 2 At U IR 2 AN I HAR M bl £ 8 28 s, IR 1 AARAT . BEARE LR
FR{E—2, L RO & #1028 TE WAL FREEE A, AR SO FRAT .

EX1 (LAt i) TERTHE 2t SR AR Z R, JE HAR Ml & & 285 i 7.

NT AR, TEARLFRESE S, ARSC B R rE 3, Wl 1 R,

EX2 (ZAJaH) fERTFHT, MrEH SEAEEH N E SR T o WXy 2 eTEHE. 24
Ja TR E SN SR, WA 1 F7R, = MIERRT, Lh C; oG [ B A 9 X382 22 4 Bl SR.

ENX3 (ZehiE) wefiER22VEH SR O, E XN SP = (SPq,SPs,...,SP,), WA 1
FiR, C; 72 SP.

EXA (BRKZAEEE) 2R K EEEZ SR WA, & X~ MSD, Wi 1w, B
C; N s SR & MSD.

X fERATEHE SR A,

|| X; — SP|| < MSD. (10)

w4 E SP RS RANR:
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B 1 (MERZE) B#EhHReE

Figure 1 (Color online) The security positions in the population

IR L VI — ML, A B W E O T A E SP.

IR 2. i (10) THEE R AVERE SR WRIKRTEH , %2 H w XN num.

IR 3. WK num/xSize > p, WHIGHHA B AL &AL E SP; T, #DHK 1.

R TS IR R R, A SO T BT AR B B 7 AL E, T

YT X,

AT R A B bk R R AL E LA RN, SR RTRERAN TR . LI 7E A ARKE
TREET, GARF RIS R E . B S 2R s B A B S, B DOk 1)
FERIA B S T AR R

Vit = wVik 4 crry (pbestyy — Xfy) + cora(gbesty — XJfy) + cara(SPh — X)), (12)
X9t = X+ Vgt (13)
Hod cg AMIREF, r3 RLEXIE [0, 1] NI AMHIBENLEL. 2 (12) RIS 4 5B MR 55, E fE
XPRLFBER AT AT IS, (SRR AEAS N 2 A4k, DRtl, A AOCRLHE 5505 Re ¥h 9 14 2 X 330 e A 44
7 1), LA b LS SO N SR e, A R T i 4 R dpe e
3.2 MR FREEEERUSUE ST
AR AL T SRR S EAT 200, il (12) wT 50, TR U5
Vik"'l = wV} 4 clrlpbestic + 02r2gbestk + c37r3SPF — (c171 + corg + c3r3) XF. (14)

Mk — oo B, V=0 H V=0, B3 (14) 145

ci1ripbest + corogbest 4 c3r3SP

k—o0 Cc171 + Coro + C373
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pbest
gbest

SP

=y

2 CPSO HHFHIEEAE
Figure 2 The search directions of particles in CPSO
BT ry,ro,rs AIISIMAT, 3K X; BHTRE TS

B ciripbest + caragbest 4 c3r3SP B c1pbest + cogbest + c3SP
c1ry + cara + 313 B c1+c2tcs

lim E(X;) =

k—o0

= (1 — o — B)pbest + agbest + SSP. (16)

R (16) 1, 0= 2 f— e RS, R T REET X, I

lim B(X;) = E(clrlpbest + CQTngest> _ cipbest + cogbest (1— &)pbest + dgbest.  (17)
k—o0 €111 + Ccara c1+c2
X (7)1, 0= - s (17) AT, PSO FERALHT IR R B ZAEELF Sl R, (EAELR

bS5 BTRL T~ 128\ pbest 7] gbest RAE, FIEFIZFEE TR, BIERE S BN RFERA B3 i3t (16) 1
(17) A1, CPSO Al PSO IUEEAS—FE, 24 PSO BN &M i AL, i8id CPSO Akt B3, &
LBk R A L, i 2 R,

B 2 W4, 24 PSO M REBIRALET, SP Al pbest, gbest A7 B Z R4 K, @it CPSO H ik
FERE B, KA ) 22 A7 B R B 8 R A5 B 1 348, BTEA CPSO Re3f it (1 2 FE i, 6
Gl N R B, B2 4 s i & A

3.3 MENREEIEMERESEMMAE

R IEH Geem SEHEHRM B0 3 &R FE, 2 IEBRLE SR OEH R ITA 1A
H O Miciz, it s 2 U % RBA T %% R 2 105 1, ZIA R — AN LRI PRSI FE B3] 5451
PRAL SRR L, AN R IR T . v S B D RIZS 5 SEI. DR, RS R AR R R T
TRAT P B A AR S BT RGBT R o BT A S5 1 L 1361,

BRI R BT R B, TR RIS K L, BB SRR TR EE M R R, 1R
AT A R A AR B I B = A R R, AR TR AR T . B, A sclid ol 1S B )
SRR SRR, K HS FEE] CPSO-HS H. MR REILEAKTHR DRI T.

IR VIR E R EAR SR XS R L2 KN (AMS), FR 1047 R B
K (HMCR), £ F HHEMZE (PAR) Al KIER RS
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Randomly choose 7 bits

A partitioning solution

1 0 1

Reverse ¢ bits

1|0‘1

A neighboring partitioning solution

3 IENERIERIE MR SRR

Figure 3 The disturbed HW/SW partitioning solution

YR 2. WIGHACRIACIZ . A A A2 2 e AL A5 At e B 4L k.

YR 3. WATFACAZ B A il OB LUR 3 RLE A (1) IREAAEICAZE P &
(2) BEMLIEFEEH; (3) HIMMOH. XA AIA A7 B2 B LB HMCR E*Hmlﬂflﬁ??ﬂ%% LA
1 — HMCR 7£ig TZ%&H‘EE%" BAEACIZE A BAT SR I, XMREHLE R PR S E U PAR i
sl B

PR 4. EHRECAZEE. EOR RO TICIZ 2 vh B B ZE A, U0 P B e 2 i 22 8, 49 BB A CAZ .

IR 5. IR T R A Ab S 2L, MM bk AX, A AZ P P R B AR A, D
B8 3 0 4.

FEGER 3 o, G RSl E BRI o s — i U A3 2 081 sl 3 R,

HiE 3 AT, BEEAE R 2 BUR SRR ¢ DR 2i=1 (2,=0) F#N 2,=0 (z,=1), Fr
Pz s Ja MA@ e A EERIURAS R O TIRTHIRIK R, XA R SR
SEAL RIS REAT D, HS MIRTARAR A1 & ok 1 B S 2 JI s AL B pbest ZH L.

S AN A R AW AR A NG, BERE CRAERFAR 1 22 1, SCREAE 24 il 42 =) see DU A P PR S 9
ZFEAUE. £ CPSO-HS ™, fRGIAANT T HS R ENMALE, HHE RO AR T 4002/ R i
B, MAZA B HACE AT e R AL E. Rk, HS fefE 20 4 R Ui B30 — b e i, A
R FANE RN, AT RIT 2802 R Ui i

4 BETMNAXFMENFEEEZNHITIREEGRIDGE
4.1 EFMAAXMBERTEEENEER DX

RS A R A R 3 1) A SO 2R 0/1 TS, i LBCRE A R 40 T 2SR S E
CPSO-HS. fE B HL CPSO-HS H, FRRIEARK R AL B 3 an K AT B k.

Xk — 1, if ry <sig(Vh), (18)
id =
0, else,

o sig(Vig) = W, rqy NFEIXTE [0,1] WIISI A HIBENLEL. 25 ry BB T sig(VR) BF, XE
f—? L S0, XE ST 0. EEE CPSO-HS A T4kl (1) Hpgm@ P, A EET CPSO-HS Y
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&% 1 CPSO-HS

Require: Communication graph G and the constraint R.

Ensure: The global best partition solution gbest and its hardware cost fgbest.

: X _nr:= the partition solution abstained by NodeRank;

X =(Xnr,Xnr,...,Xnr), V =rand(xSize,n); /*X and V are matrixes with xSize columns and n rows. */
: pbest = (Xnr, X_nr,..., X _nr), fpbest = (0,0,...,0),gbest = (0,0,...,0),fgbest = 0, fgbestold = 1, iter = 0;

: Initialize other parameters, such as w, c1, c2, c3 and epsx, the individual number xSize and the maximum iteration time

iter_num;
5: repeat
6: iter:= iter+1;
7: X is discretized by (18);
8 sz = S(X),he = H(X); /*compute the software and hardware cost*/
9:  for i =1 to xSize do
10: if sz(i) + C(X;) > R then

11: X; = X.nr,hz(i) = H(X;); /*X; is replaced by X _nr.*/
12: end if
13: end for

14: Update pbest, gbest, fpbest, fgbest and w;
15: for j =1 ton do

16: The security point SP is computed according to Eq. (11);

17: end for

18:  if |fgbestold — fgbest| > epsx then

19: The velocity and position of particle are updated by Egs. (8) and (9), respectively;
20: else

21: The velocity and position of particle are updated by Eqgs. (12) and (13), respectively;
22: end if

23: gbest = Adjust_In(gbest), fgbest =H(gbest);
24: The global best position gbest is updated by HS;
25: fgbestold = fgbest;

26: until (iter > iter_num)

AR K 53 736w 4608 CPSO-HS. 4 FREAE R 2 18] A N R ) 0/1 560 in) kAT SR, H AT &%
NodeRank FIVERE A, BT AA SR FH 5% NodeRank % CPSO-HS HIMBEREATHILAML. N T Wb it
HaE UPRIOEAR 2 R AL E LT AR RN, AR SCHIBoR 7 BE R N R s, WL CPSO-HS
R a5k 1 fis.

7£ CPSO-HS H, %5 2 47 HIfR i & 8 NodeRank SREUIARHEATHIUG1L. xSize RFEET KT
FIECH, n AL S HIEH. 755 3 17, fpbest s& pbest K@M, fgbest & gbest HI@EMNEE. 1E
5 18~22 47, UFT RS B E— kA R A E LT AR, ByEnTRea A T R, it
I AR RLT R AN AL B %X (12) A (13) HEATEERn M, AR AIA B %X (8) A (9) HEATHE BN 1E
5 23 479, SCHR (18] FRIENE AdjustIn A TR BERME. /£5 24 177+, Ui R e 0s
TR, BE HS MR WA 2 Fs.

& CPSO-HS H, 2 10 47 B Fm RN O (z) MTHEEFEWTT:

C(z) =3 eislas — a5, (19)

i=1 j=1
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Bk 2 HS

Require: The personal best position pbest.

Ensure: The updated global best position gbest.
1: Initialize HMCR, PAR, iter_num, k=0;

2: repeat

3: if rand < HMCR then

4: To1q is a position chosen from pbest randomly;
5: if rand < PAR then

6: Znew 1s the disturbed solution of xg)q;

T end if

8: else

9: Znew is generated randomly;
10: end if
11: if Tnew is a feasible solution of @@ and Tnew is better than gbest then
12: gbest is replaced by Znew;

13: end if
14: k=k+1;

15: until £ > iter_num

FEL PAEAERAN O (o) BN TREIREN O(n?), b n HAESSE SEH.

MERR £ (19) 1, AWEEM R, 8 EIEAPATIE EY O(n). BrEk, B @ wAR o
C(x) MINTE RN O(n?).

EIE2 HiE CPSO-HS KRR 445 N O(iter.num - xSize - n?), HAF iter num A KiEAIKEL,
xSize NFHEFRLTHIEH , n NG R HIEH.

JEER £ CPSO-HS H, 2 1 1T757% NodeRank HIF ] 44 A O(iter num(n + m)logn) Y. 7F
5 9~13 17, URANTH R LR AER, HEIE NodeRank SREURIHIGEARIBEIT & e, BT 7 IR 1] & 44
N O(xSize - n?). L5 14 179, S H pbest, gbest, fpbest Al fgbest HINS[A] R 45N O(xSize - n). £
23 17, Adjust_In BE7E O(logn(n +m)) 131 W 5ERL. HS & —Fr & AL 5%, B AFRATAT B HS
(PR 1R A2 2% B 1 B ORAR T O(xSize - n?). MHELEL logn(n + m), xSize - n? WI{EE K. CPSO-HS K Ki%k
RIRECH iternum, AT PAE YR CPSO-HS HIN & 24 N O(iter num - xSize - n?).

ASORG I bR TSR A X) 20 J7 i 449 PSO, PSO Al CPSO-HS TSP BREEA
—FE. AHAE PSO H, BN IR BEANA B 4% (8) A (9) HEAT HEEN, MUal & /s rf B A M d HS
BEAT BT

TEHE3 Ik CPSO-HS K [RIR % EEAT PSO I [A] & 2% BEAH A,

MERR £ CPSO-HS ™, 55 19 4781 21 17 7352 WA AN [R50 T S8 Frhs 18 BE A & 13 AR, N
H RIS T A FEAHE). FE5S 9~13 A7, THELE AT IR I B2 A% 2 O(xSize - n?), HS 58T 241 42 =)
AL E IR E 24 AR T O(xSize - n?). FTLA, Hi% CPSO-HS KA 44 FE A1 PSO IR [H] 52 4% B
AHTA].

EI4  HP: CPSO-HS W% a1 E 44N O(xSize - n), Al PSO KI5 (8] E 2+ FE AR, Hirb xSize 7
FREE R T IEE, n RS 4 SIS H.

MUERA  7E CPSO-HS H, BAMKL 10 T2 R L HIALE . B 54 1 s AL B 2 4 B 5E T
4 R AL B A A B B R FEEA O(n), BANKIT B S & i B R R RN
O(xSize - n). LA, Hik CPSO-HS HIZE M RE N O(xSize - n). 1E PSO H, BT ) 2 7 42 =) i
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C Taskl Task2 .. TaskL )

v v v_ v

e C Threadl | Thread2 ThreadM)

Main thread
v_ v vy v
Ecs)

B 4 Sz THEBERKMN RG]

Figure 4 The multi-core parallel mechanism for communication cost computing

\ 4
\ 4

\ 4
\ 4

EEEE—
Main thread

Y
Join thread

Fork thread

y
Computing thread

\ 4
\ 4

\ 4
\ 4

PERIAL BT B2 P s AL B S, B AR PSO IS M 44N O(xSize - n), M1 CPSO-HS K4S
[A] S 2 AR [+

4.2 Z¥%HFITHIE CPSO-HS

FHAT TS BRI W — AR R 0 — A7 W AR G, X S ) 8 RE R B 72 22 /Nl r
TE &Y S E3AT. #E CPSO-HS H, MA@ AR O () HIRTRIE A EER O(n?), BIRIEAREH &
TRAEEE A, DB T SR AR K. 8 T CPSO-HS I AT A], AR £
AT LR A O () FITHEEFEHAT IR, 2RI TIMES 2T C(x), T AU
BRI 2, AT C(x) BN 4 B B8]

B 4 v, THEE AR TS AT, 2 AT PATAESS R FE S B 26 T4 A%
AN AT IR A AL B AT 45 B9)) SR 5K BT LR FE (0T B 45 Bk AT & 5, 19 2@ WA S 2 1S 45
H.1E CPSO-HS 1, xSize 4K+ B HAEAF @ WA TR FRAE SRS 9~13 AT, i B R H 2 FFAT T
5, NIREA Rt /b CPSO-HS Fis {7 [a].

5 SKIEMREMERETH

N T BSAUEA SCRRAE AR 53 73 B VERE, #1207 VE P T SRR AR o3 I B HEAT 5% . AR SO T
KT HA MATLAB R2014b, THEHLAFE 185K Intel(R) Core(TM) i7-4770, EHUN 3.4 GHz, N
fER/NA 16 GB.

ASCRFISCHR [11] PSS EORE, AR s; 72 [1,100] TPBEHLAEIEIR NI S 70 A6, BELHARAY
hi BIECAIIERAEN ks; BIIESATRENL™ A, AT NIXTE [0, 2psmax] T HIBEILEL, HP spax N
AP BB KA. IRFEIBE R SRR 2 (CCR) X T 3 ARSI %
R, rp R B AE B AR, XS CCR BUE 23508 0.1, 1, 10. B IS AR LR AT R: 5 SN 2951
R 1E [0, 0.5 s;] HEENL=A, idN R=low; §95M 21 R 7E (0.5 si, > 5] BENL™4, id 4 R=high.
FrEk, P AFEMERT CCR M R A 6 MORFIRIIE DL, W2k 1 frs. 3% 2 JySClk [11] Pl i 4= ek e
£S5, n A1 m 73 G AT S5 45 A R HH

fE CPSO-HS 1, fENEZEMFTTSHL, %W T o1, co FINARET c3 SHEERIEREA R
. R 2 FEFMAES random?2, ASCEIT ¢, cp 1 ez BURFEMER, CPSO-HS KT %
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%1 CCR # R BFREMEMITER
Table 1 The cases for different values of CCR and R

Case CCR R

casel 0.1 Low
case2 0.1 High
case3 1 Low
cased 1 High
cased 10 Low
case6 10 High

*® 2 XHR[11] RANEEES

Table 2 Summary of used benchmarks, cited from [11]

Name n m Size Number
crc32 25 34 152 1
patricia 21 50 192 2
dijkstra 26 71 265 3
clustering 150 333 1299 4
rc6 329 448 2002 5
random1 1000 1000 5000 6
random?2 1000 2000 8000 8
random3 1000 3000 11000 10
random4 1500 1500 7500 7
randomb 1500 3000 12000 11
random6 1500 45000 16500 13
random7 2000 2000 10000 9
random8 2000 4000 16000 12
random9 2000 6000 22000 14

random? [ LLIRSLES, #iE CPSO-HS Hh2¢ > BRlF A AR H 7 3@ I HUE. SN 7 P4l 4 R 48 22 R =3
HER, c1, co Ml ez EIXIA] [0.5, 2.5] WHUE. TEANZELL 0.25 NEIBEM 0.5 2 2.5 BUNFEIIME, 45—
ZHCBAET, HoAh S HE R AR BOL T RIMEI R 1, A SCANFIH Y ¢1=1.5, ca=1.5, cz BURIFME
i, ARFEES R @ CPSO-HS SRFAES random?2 MIEER, Wik 5 B, BAHAAER ¢ MASEEUE, 9
AR KA

FHE 5 AT, 2 cz=1 I, 6 FORFEIEGL R CPSO-HS SRS IREEAR N /)y, 45545 BT sE3 i
5, MECIRT e, co MIMARIE T e BUREMERT, 9% CPSO-HS 3 2IMIflAH 250K, 24 CPSO-HS
SR AR, 22 2] 7 A F BB AT R : e1=1.5, ca=1.5, c3=1.

%% Base, Heur, NodeRank, GA, PSO il CPSO-HS KfE#® 2 HHIFEHEIES. 7 CPSO-HS Fl
PSO H, R T (w) BEHBEACRELAE 0.9 A1 0.7 Z (A2, FREEE H M 40, O RKIERIKECH 50.
CPSO-HS HHAMSEEUELNI F: ¢,=1.5, ca=1.5, cs=1, epsx=1, HMCR=0.9, PAR=0.3, HS [{]# Ki%
RIRECH 30 B4, PSO HHZ R T e Al ey #IREN 2, Hik NodeRank IS4 & ASCik [11)
A, 75 GA , & HER N 0.9, FME N 0.1, FEECE N 40, S RIERIRECN 50, A ST
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x10*
6

Hardware cost
(98]

0 0.5 1 1.5 2

C3

5 (MEHFE) c1=1.5, c2a=1.5, cs BRREMER, REIERT CPSO-HS Xf#{E% random2 HIER
Figure 5 (Color online) The solutions for random2 obtained by CPSO-HS on different cases, when ¢1=1.5, ca=1.5 and
c3 with different values

JREE A AT I [8) P 7 T A SRR SR A A A Sl 2 e RO PR R, O 1 AN O — Bk, AE SR RS 100 A
BEMLSEGI AT SE it #r.

51 MRHRE

N T HBEERRR TR, MR SR A MR B SO

. 1 hardware_cost_of_A
imp=(1-—
p hardware_cost_of _B

> x 100%. (20)

7E30 (20) H1, imp > 0, imp = 0 Fl imp < 0 ZFHFRAREE AT AETHETHIZEB K6 A
FEASEVE LR AR B9 100 YRS AI X 5%: Base HIPIBGERL R, B AT S5 B KN, Dby
HEAART Base HIMUIEFEE .

K 6 AT, SRS, CPSO-HS 32| ML T 8038 Ml T HALEES R M. BT GA M
CPSO-HS fEMRAMALER E2ZRIECR, R EIEN T, GA 52IFEILT CPSO-HS, MR 3 AE4FKR 75 7]
B INE G KH GA BT K. XTI DB, WKl 6(a) s, 5% NodeRank, GA, PSO
F1 CPSO-HS 159 Z R JLT-AH F]. 352 PR e/ (38 TRA AN X - SRS ARl 4 1) AL A R R A 24 SRS i
S RAB A A I S At R AR 2. (H BE A AN A3, A R 4 e R 4 ) R L ) AR A —
FE, SRR R A4k 1] BB AEFE 3. T CPSO-HS U4 JR{8 R A 1 5%, CPSO-HS FIEiEFE
FETEINEA ., anEl 6(f) Fros.

5.2 IB{THEIIE]

DO bR AT VR S B M AR AR AR, ASCRANIELL S, 1 &8 2 AT U EUE AR A 1 ik
WUR:

S,= GQ) x 100%, (21)

par
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(Color online) Improvements of different algorithms over Base, averaged over 100 instances on different cases of

(a) casel, (b) case2, (c) case3, (d) cased, (e) caseb, and (f) caseb
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Figure 7 (Color online) The speedup of computing HW/SW communication cost, averaged over 100 instances on different
cases
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A parallel hardware/software partitioning method based on
conformity particle-swarm optimization with harmony search

Xiaohu YAN 23 Fazhi HEV2* & Yilin CHEN'2

1 State Key Laboratory of Software Engineering, Wuhan University, Wuhan 430072, China;
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Abstract Hardware/software (HW/SW) partitioning is a key step in HW/SW codesign. With the increasing
design complexity of embedded systems, HW/SW partitioning has become a challenging optimization problem. A
parallel HW/SW partitioning method based on Conformity Particle-Swarm Optimization with Harmony Search
(CPSO-HS) is presented in this paper. Firstly, the particles act as psychological conformists and tend to move
towards a security point, with many particles and a lower possibility of being attacked by a predator. By sim-
ulating the conformist mentality in CPSO-HS, the searching population can remain varied and the algorithm
avoids local optima. Secondly, to improve the initialization strategy, the Harmony Search (HS) is integrated to
search for better positions, with which the global best position is updated. Hence, the searching precision and
solution quality can be enhanced. The searching diversification and intensification in CPSO-HS can be improved
through the two methods. Thirdly, since the time to compute the HW/SW communication cost is the most
time-consuming process for the HW/SW partitioning problem, we adopt a multi-core parallel technique to accel-
erate the computing. Thus, the CPSO-HS runtime for large-scale HW/SW problems can be reduced efficiently
in an ordinary PC platform. Finally, a number of experiments on benchmarks from state-of-the-art publications
demonstrate that the proposed approach can achieve higher performance than other previous methods.

Keywords hardware/software partitioning, particle swarm optimization, harmony search, knapsack problem,
communication cost, parallel computing
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