841 % 5
2015 £ 5 H

H 2 % 4R
ACTA AUTOMATICA SINICA

Vol. 41, No. 5
May, 2015

EEcHE NRFIERTIAE A
Wk FAE IR EEM

B OFE TR Pou SRR P LT s BT ) L A SO R A R Ml R A e S B, F R 2 RS RE D
PP IC U A, BEUE T BRI B O L R SRR G KRR B SN, B Gl in A U 1 R PR PESR Hh Bl s ok sk
SRS, [ I TSI A S b R SR 1) (i A e SRS, A ELAT AP IO DAL PR . Sen R 1], A R e B AT LU A R SRR A O PR e
AR RE I AT SR I g A e R B AR B2, JF HLRD O RUBEROR, DL 3Bk .

KR ESROCIREL, IB5RE D), R R, BB, N TR

SIAME  XIJRHE, PAYe, TR, Wyl 5 riskmae I IGIES o EETE. HEEaAR, 2015, 41(5): 885—898
DOI 10.16383/j.aas.2015.c140498

An Inter-cell Scheduling Approach Considering

Transportation Capacity Constraints

LIU Zhao-He' LI Dong-Ni* WANG Le-Heng' TIAN Yun-Na'?

Abstract The issue of inter-cell scheduling arises due to some exceptional parts having to be processed and transported
frequently in different cells. This work is inspired by the equipment manufacturing industry of China. Aimed at the
inter-cell scheduling problem with transportation capacity constraints, a hyper-heuristic based on discrete artificial bee
colony approach and decision block is proposed, in which a dynamic decision block strategy is developed and the scout bee
strategy is improved. Experimental results show that the proposed approach outperforms the traditional static decision
block strategies, and has a better performance with respect to the overall performance of optimization capability and

computation efficiency, which is especially more suitable for large dimension scheduling problems.
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H T AFEARSCHEH F) DHD Sk USSR ) 3 7 3]
A A R A, ARSCRAHBI %,

HEIEAE r DOEA G VERER AT SGEN, AT
L BRI A 5 IR 6 LA R 48 2R A )k
AT T IRAF AR sk mg, JER T IRAZ 4 h ik
PR B I AR AR R i e . AP BRI T

W 1. AR IREL ¢ = 0;

WIE 2. KRR Bl 4 7 10 £ s v B A
&I SourceBest;

IR 3. WR ¢ I KA AR IR T, b
BT

SIB 4. Xt SourceBest HHATARHIE 2

v B 5. i AR B A e 5 LT
SourceBest, W& SourceBest;

PIE6. t=t+1, HIES3;

B 7. KH SourceBest {FJB YR, H
RPN

T G AR ek R L BN SR B A, BT AR
WA R ILAE g h B RE 3 AR, IR 3
ARG 5 AT A AL AT A ¥, 280 an il 3 i

AN
<

3 1 2 6 2 7 1

3 AR R I 2
Fig.3 Example of three-point neighborhood search

3 XWESH
3.1 kgt

AT 7% Rz e ) PR 0 5 s i 5
)@, H RS A 3E 1 Benchmark A DA%, Kk
AT 2 A R (Test problem) >K4GHIEH.
AR, SR Java i 5 92, 18177E Core
i5-2600 2.40 GHz, 4 GB Wi PC #L L.

RIEAF LSS LA, Wit 7 17 A
[ KAL) 0 451, s RS BEAL ™ A2 10 AN S48
(Instance). P EFGINSEREWR 1 Jos. 40
WA ) 2 R 1 BRS8N 4E 10 ANANET
). AN EBIEAT 5 UM B SR, 10 AN
43 b bR B0 PR A A Ay s i e 35 ) A e R
LA A B %A (20) TH5.

K
d; =r; +dl Zpik (20)
k=1
o,y RTAE G BT, dl 2N T, %
TRAS T SRR, BN 2 O pa
INAE ¢ PP b AE AT IENLAS IR /N I R R s
il A ) B 1 UK 1) B 6 25 1 T AE SO 5 %) 400
AN, TR TP EON 5 3] 19 AN, HLEsZi 6 3
100 ANEE, FROCEN 3 B 15 AEE. AN n) R
H jnimmngens BIEEE, B0 j3m6e3 Kozl )
dEE 3 MR, 4L 6 BilEs, HAA 3 N IR E
AT I T
3.2 SHSh
HES I E X T DHD Skt fe A 1R
SO0, DRI 5 B R [ (0 2 54 £ AT TR
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F {4 41 %

CLIf € LS B & AR ER) DHD S35
AT A A, AR SR O R A
WA RS A AREL. XX 4 ANSEGEAT M A
Wit (Full factor design) SE%:, ®EANSHUE N —A
K7 (Factor), BEANA 7 [1)7KF (Treatment) 415K 2
PR,

EBEREKY 95 % T, KHT7 250 Hrik (Anal-
ysis of variance, ANOVA) 7 #74L 108 AR 24k
&) DHD BIPERERIL, MMl & s 51k 24
. XA DHD 73048 10 AN 8T &is
5 IX.

fE LU/ ME TWT Syt HAxi, ANOVA X
A tfr RIS (0 M 4 R a3k 3 o,

fRPERE R i K, L PS x T R4 M 2 80
. KA PS (F = 259.92) 8 T (F = 1.17) X} fi#
PEREMI S K, MUk seHfe PS MIfE. MK 5 Af
1 PS =40 N HEAEMMEERE, T = 10 B AEA
wACMREYERE. X5 4 g R E—30n. [FEE, X
T lim x PS, lim x T 04}, lim = 10, PS = 40
i, DHD U1 Ltk ge. 254G Ll Eadr, 7/
L TWT HAR R, A3CK DHD S 500E e Hy: B
BRI PS = 40, 25 EBR G lim = 10, fiidrig
IR T = 10, AR cycle = 150.

®1EBIPERNSHCR

Table 1  Parameters of test problems

M 3 i LLEH, K+ PS Fl cycle & B3 SR B A4
(P 18 < 0.05). JERLEE F K/, oT BB L7 P LA ~U [2,6]
HO6 DHD 5200 B K PR - 808 A2 BLK 7. AN 3 . U 2,10
T LRI 4 Fros, BiF PS. eycle FHER, TAEREM A -, ~U [0:50]
DHD 3k#3 AL fErERE, T DHD & PS = 40 K} R w, U (0.1]
RIG AT RE. b4k, T 3 WA 741G LA Trans., U [6, 50
lim x PS, lim x T, PS x T [8){A8 HAEFHAE1E i WA st ~U [5,10]
ik, PR IR 75 B4 B DR W) A2 BRI 6 DHD i R '

PERER . N2 HAEWE 5 Pros. i WEH puer ~U [1,30]
K3 MW FAEwH, KTF4E PSxT (F = 8.86) %
%2 DHD Z¥
Table 2 Parameters in the DHD approach
BT AN PS SRUBIR ] lim AR S T HELAREL cycle
KP 5,15, 30, 40 5,10, 20 1,10,20 30, 60, 150
#3 /METWT HE T ANOVA %
Table 3 Analysis of variance with respect to minimizing TWT
Source Df SeqSS AdjSS AdjM S F P
lim 2 949 949 474 0.05 0.947
PS 3 6849 492 6849 492 2283164 259.92 0.000
T 2 29974 29974 14987 1.17 0.189
cycle 2 6036210 6036210 3018105 343.58 0.000
lim x PS 6 172330 172330 28722 3.27 0.007
lim x T 4 120283 120283 30071 3.42 0.013
lim X cycle 4 14 840 14 840 3710 0.42 0.792
PSx T 6 467139 467139 77856 8.86 0.000
PS x cycle 6 22400 22400 3733 0.43 0.860
T X cycle 4 11156 11156 2789 0.32 0.865
R 68 597 325 597 325 8784
ait 107 14 322 098

S =93.7240 R — Sq = 95.83% R — Sq (%) = 93.44%
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lim PS
17 000 F
16 800
16 600} o o
=
£ 16400F
=
= 5 10 20 5 15 30 40
E_'_‘ T cycle
17 000 F
16 800 |
16 600 | - .
16 400 | \
1 10 20 30 60 150
Bl 4 J/METWT Hbs R s ]
Fig.4 Effects of single factors with respect to minimizing TWT
5 15 30 40 30 60 150
I I I lim
» 17 000| —e— 5
li N T —=- 10
" g Cr=g=-? et 16 500 - 20
=g = Sea -
416 000
PS
17000} o—o— PP \ — 5
L —m- 15
165001 =373 " gy | SN o 30
E B A Ty ® e —A-- 40
E 16000 =
T
s ' R {17 000| —a— 1
< G -m- 10
% e | N r S e
5—\ . - e >4 “‘\\%\u J16 500 20
416 000
cycle
17 000F [ § —e— 30
SR N e —
o L AN e cycle
16 500 " ' il ?‘*%. - = - 150
16 000k—s : : 2 : : :
5 10 20 1 10 20
5 /ML TWT Hibs R 72 HAR R
Fig.5 Effects of two-way interactions among factors with respect to minimizing TWT
3.3 EREXTEESREE BT, TRy £ TS A8 2R L BB

i€ DHD SikZHn, 20 ki 2ot
P& SUZL AT

SRR N EAR 5 AN T g R SR AT R 1)
T 5 0 B B SR 10 50t i JE T L 2) R SRR AN
7l %l 73 S ) PERE 20 A7 3) DHD AL g5k 1 g
XFEE; 4) &% YA S HL ) LK R ) AT 5)
CPLEX Xftt.
3.3.1  fouEREER B RO SR IR X bE

FEAEGE ABC H, A — B isAE — sk

Hu = 2 ASB AR, X R AR BRI T R
R, O BB A 1A A B AT e A A e BE 22 1
fift.

AR SCAE JGORAMARE R L3047 T U821 408
SRS [ R SRAR 0, R T CIEARAR e b By IR A Ak
TR A A

ARSCAEBEAT R LE SR, KR AL 4E ABC HEZ
il PR AL 0] A 5 ABC-hyper heuristic (ABC-
HH). Aseirz o (1) oF 5 H AR Bl score, L
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F {4

41 %

WEAE D PR SR e 1 Fi A R H IR AU (21) H AR
Gap ﬁ, o Gapape—nm- Hrh scoreapc_pu M
scorepyp 7P MARE UL G ABC J5 i HEZL (1)
Ji R AL 5 AT H bR R £
SCOTeABC—_HH — SCOTEDHD
SCOTEpHD

SIS RN 4 P, fes/MeE TWT HAR T,
DHD SL84L 4511 ABC P47 T 3.02 %,
W DHD HikAES N ABC Syk7Epiggm B
Bk H R B AR A 1 BE O A BT e, AT S AT
A SRR I RE A3 .

3.3.2 RKRBRHIAREX 2 REEHITERE D BT

AR PR PSR R 43 Sk B DHD &k
PRI Bh A K 5 J7 LA TR L.

1) Wi Pl 1 8 A ) — IR e o

T g L T X FR R A0 W B R — IR SRR
BN e sk, BT DL G A IR AR — AN e SR 1K) KN
& 1 B M vEd oy DHD-ONE.

A R (1) THE AR R EUE, LATE T
W EEYERE M bR L X (22) THEE Gap 1H, 180
Gappup-onNE- Horp SCOTEDHD—-ONE H SCOT€pHD
A3 IMARER PRI RN 1 B 775 S A SO 10 H A
ERAEIEN

(21)

Gapapc-nn =

#5
Table 5

* 4
Table 4

B/METWT HA% F DHD 5 ABC-HH #:fELbA:
Comparison between DHD and ABC-HH with

respect to minimizing TWT

L ) DHD  ABC-HH  Gapascnn (%)
75m6b6e3 76.2 76.2 0.00
715m8c3 1153.2 1183.0 2.58

720m11c3 1884.5 1941.7 3.04
740m13cH 6682.5 6873.2 2.85
750m15ch 9539.3 10322.5 8.21
760m16¢5 19130.6 19254.2 0.65
770m20c7 22287.5 22988.0 3.14
780m21c7 30588.5 31875.3 4.21
790m21c7 30170.3 32249.0 6.89
7100m25c9 35194.1 36474.6 3.64
7120m30c9 47657.3 48 359.5 1.47

7140m35c11 64 258.2 66 002.0 2.71

7160m40cl1 76 205.4 79311.2 4.08

7180m45c13 101 389.7 103847.2 2.42

7200m50c15 149 606.2 153469.8 2.58

7300m75¢15 271212.9 275602.1 1.62

7400m100c15 388897.7 393579.5 1.20

73878.5 75494.7 3.02

B/METWT Hbs T~ DHD L5 s e s Sems ) v R LL A
Comparison between DHD and the static decision block strategy with respect to minimizing TWT

I L DHD #his g DHD-ONE DHD-All Gappup—one (%) Gappup—arr (%)
j5m6e3 76.2 76.2 98.3 0.00 29.00
j15m8c3 1153.2 1247.7 1261.3 8.19 9.37
720milc3 1884.5 2183.2 2180.7 15.85 15.72
§40m13c5 6682.5 7539.3 6450.3 12.82 —3.47
§50m15¢5 9539.3 11309.5 9793.5 18.56 2.66
760m16c5 19130.6 20803.4 18493.0 8.74 —3.33
F70m20¢7 22287.5 23570.0 23008.0 5.75 3.23
780m21c7 30588.5 33786.9 31141.4 10.46 1.81
790m21c7 30170.3 33252.0 32083.7 10.21 6.34
§100m25¢9 35194.1 37582.3 35830.4 6.79 1.81
§120m30c9 47657.3 49477.8 46283.1 3.82 —2.88
§140m35¢11 64258.2 69030.3 65517.9 7.43 1.96
§160m40c11 76 205.4 82605.7 83119.6 8.40 9.07
j180m45c13 101389.7 105510.9 108491.9 4.06 7.00
7200m50c15 149606.2 157207.2 157844.8 5.08 5.51
§300m75¢15 271212.9 284942.7 292 460.9 5.06 7.83
7400m100c15 388897.7 416 964.5 420024.4 7.22 8.00
PIH 73878.5 78652.3 78475.5 8.14 5.86
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SCOTEpHD—-—ONE — SCOT€pHD
SCOTepHD

Gappup-onNE =

(22)

LIS RN 5 P, fEf/MeE TWT HARF,
DHD HiE 5 HSEER/N R 1 JEM L, ~SF1E
REPRTE T 8.14%. XASLIKR M, MK AN
1 IF, S WUs I G AL BE ORI N, SRS 2 % R A
K, (AR A NI ERE ) TR, PTLAgEG K
fiftfe )15 DHD AH R 2.

2) YLREHTE Dy — AN SR (TAE BLEs sl
B) AE LR P P A R

A SCAEREAT ) LE S 56 B K e SR R 1 9 [ o —
ANSEARI T VEC 8 DHD-ALL. Aszgh it (1) it
HE bR R BUE, AR R PR A VE BRI 4R AR 4%
WX (23) WA Gap 1E, 8N Gappup—_arrp. HH
scorepgp-arr, M scorepyp 73 MK LLSAR (T
1 BLERENAE) A BT R 53 e SRR ) T 1 5 AR ST
D75 H bR R .

SCOTEDHD—ALL — SCOT€pHD
SCOTE€EDHD

Gappup-aLL =

(23)

SIS RN K 5 Fion, A/ME TWT H ks
~, DHD 3h#4 5 5 DUsfk (T AF. Bl s/
) N AR o PSR B ) D7 VA A L, P P RE T
T 5.86%. Wihk st g i i b0 X ) 3 BAE T
DHD ¢ 55 H (1 G i 42 AR 8 ) 750 RIASE 1) K/ sl 2 77
A1, IF R T B I i R U A T AR
k. 1 DHD-ALL 78 X4 vk S B i, vl bkl 4340
I SEAE (A HLEso/ NG ISR

L AN SR o BT AT LUR Y, RS 8
YA H Ry SO LT AR G e s b BT — s IO 3.
3.3.3 DHD S5#&GE X HREXT L

1) S40E 0

FEFTA ALA N, AT IR T 160 Fhdl
AR, A fe e TWT (1) H ks R x5 4] 4 80
HHAT O B2, Tl b ie ah B, R BCF AP RE i
I 3 FhALE RN (W13R 6 FTaR).

R6 oS R4LE R

Table 6 Combinatorial heuristic rules used
He v ) FRUR B & H R R oAk
WSPT SPT EDD WSSE
EDD SPT SPT x TOT ESST
CR SPT SPT x TOT CSST

A6 #2 K (1) o5 H bnpd Bofl, BAUeAE
PEM SATERER TR bR H X (24) T Gap 1H, 12

N Gapryes. HH scorepyes Fl scorepnp 53 MARE
AT 775 A ST H bR B EUE.

SCOTE€pyles — SCOTEDHD

Ga’prules = (24)

SCOTepHD

LIRS RN 7 P, fis/hME TWT HARF,
DHD (A4 T 5Bk Rede T T 42.41 %. 1E
SE B Az e Al 5 s R AR R R R, 8 R U
U R L A 17 B e R SR 3T W T A 3 1 R Y
SR G RGE R 2N, B AR — A B
75 I A TR 85 FO VR A v T P B S0 T Al 1 00 )
T A% SR FH e S P S ms (1) 8 Je R AR, Jd e vk
PSR 5 IEAR, A B E T RS R 45 R, [F)
I 38 a9 B by RS PR SR BRGE B G TS IR,
LA e 5 PR A R SR AT DLIRAHEL A 5 38 1A ).
*7 H/METWT HEST DHD S804 U0 E M RE L
Table 7

heuristic rules with respect to minimizing TWT

Comparison between DHD and combinatorial

WA ) DHD WSSE ESST CSST Gapruies (%)
j5mbe3 76.2 147.8  121.8  179.3 96.37
j15m8c3 11532 1563.9 2549.6 2912.2 103.08
j20mllc3 1884.5 3084.1 35927 3249.6 75.58
j40m13c5 66825 76669 96941 9911.7 36.04
j50m15¢5  9539.3 12803.9 16904.6 17589.7 65.27
j60m16¢c5  19130.6 29794.6 39715.6 40884.4 92.35
J7T0m20c7  22287.5 29684.7 31764.1 31252.6 38.64
j80m21c7  30588.5 35792.7 40314.9 40875.6 27.48
j90m21c7  30170.3 35792.7 40314.9 40875.6 29.25
j100m25¢9 35194.1 40059.3 41419.4 43653.5 18.52
j120m30c9  47657.3 55955.0 61301.6 63237.1 26.24
§140m35c11 64258.2 73085.7 85476.3 80387.5 23.95
§160m40cll 76205.4 88001.2 91564.7 95807.5 20.45
§180m45¢13 101389.7 116 889.5 117305.5 121363.6  16.90
§200m50c15 149 606.2 162424.7 168 704.6 177348.7  13.29
§300m75c15 271212.9 292138.6 323395.9 332274.8  16.49
§400m100c15 388 897.7 419015.8 494 468.9 498 830.4  21.05
R 73878.5 82582.4 92271.1 94154.9 42.41

2) 5 HSGALT Jyikthix

HSGA 53k 0 5E T 1A% 5135 (Genetic algo-
rithm, GA) it il & X%, BT RERS
T 7K A TB) R ) . A R DR e SR ) & LA T
PSS A BRI o P sk b, ASCHE 5 HSGA 5
TERATXTLEIT, ¥ HSGA SERN AR SO 1)
Ir) RASE 7R G EAT S

ASLE IR (1) FE H AR EUE score, LI
YRR VEAN R PR e B HR AR 0T 4% B X (25) TH 5 Gap

i, I& N Gaprsga. I scoregsaa M scorepnp
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S HARE HSGA ik SRS B bR R 2. LS AR SO H AR s EUE.
Gapusen = SCOTEefsGA — SCOTEDHD Gappup_sp = 5COT€pHD-SD — SCOT€DHD (26)

(25)

SCOT€pHD

SRR 8 Fw, fEl /ML TWT HARF,
DHD % HSGA J5i&-FEIERESRTT T 41.95%. Jf
H, B S35, DHD AT HSGA 74
ARk Gr. DA b sei 45 53R W] DHD J7VEAHEE T-4%
ik RAT Rk, JF HOJCIHOE G if v R 1) 5
BTG JE )

#*8 J/METWT Hbs N DHD 5 HSGA Jridiifk g bbt
Table 8 Comparison between DHD and HSGA with

respect to minimizing TWT

W3 ) R DHD HSGA Gapusca (%)
j5mbe3 76.2 68.1 —30.72

j15m8c3 1153.2 1385.9 9.88
420m11c3 1884.5 2670.0 22.44
§40m13c5 6682.5 7123.4 10.44
§50m15¢5 9539.3 11829.4 20.79
j60m16¢5 19130.6 18796.0 1.64
470m20c7 22287.5 30195.9 31.24
j80m21¢7 30588.5 43642.2 40.14
j90m21¢7 30170.3 45677.1 42.37
§100m25¢9 35194.1 56710.0 58.27
§120m30c9 47657.3 72170.0 55.93
j140m35¢11 64258.2  108451.8 65.53
§160m40c11 76205.4  141372.6 70.08
j180m45c13  101389.7  179509.2 65.46
j200m50cl5  149606.2  272697.9 72.76
j300m75¢15  271212.9  526274.6 79.95
j400m100cl5  388897.7  827241.3 96.95
SR 73878.5 137989.1 41.95

3.3.4 BHRRXTEE BITEIE AR S

5 BTG e b A e RS A LS R 24
Rtz g o (RP QT b AT e fn g ) 2 A8 = filis
2 PR [R) R DG B, DRy T 6 UE I i R R X I LT )
B REMR, A SR 5 ) A —Fhis s ms . BB /N
eGSR, SRR B 1) 5 o AH ) 1 At
Tdlk, 25 a B ICIRR FIAR G, %0 il
4 DHD-single destination (DHD-SD). A 7544 A
SCPTRE s B S S R S AT R L. P SR
FERT b Ik 7 SR FH A () P A 3 00

W NI ML 7 < VI (8 1 I = S Y T N O
Gappup—_sp, CAAE 4 VRO 5035 1 B8 0 48 br I 4%
M (26) FH Gap 1, e scorepup_sp. HH
scorepgp_sp M scorepyp 7 ALK DHD-SD 77

SCOTE€pHD

LI AR R 9 PR, fE/ME TWT Hbr
T, DHD & H 5 ocME— 1 7% P8 ae i I 1
21.17%. A/NYTSIG R, 2 R i ) A R SR
W 5 H IR EA T ME — 1R S AR E PR e . SRR T,
157% [B 12 i e ) 52 PR B oc i B2 1) jLrh, e
TN ISR T AN, B0 N AR RS
M AR T LA R H B BT AR AN R, B IR 3R
AR, TR /N H BT A B AR EAT 4
fLItiskn, o FEOCEMN AR ¥, BAoaiid i
HOREZ T OREIN ] PR, S B T S BT T
PEREAT AL 5 BRAT RS, AT AT R sk /b el T3z dar e
D152 LT A R R

®9 /ML TWT Hbs N DHD 5 HI#8cHE— 7 d:im
PERE LR

Comparison between DHD and DHD-SD with

respect to minimizing TWT

Table 9

WA ) DHD DHD-SD  Gappup-sp (%)
j5m6e3 76.2 51.2 —32.81
j15m8c3 1153.2 1243.8 7.85
j20m11c3 1884.5 2167.2 15.00
j40m13c5 6682.5 7306.2 9.33
j50m15c5 9539.3 11272.2 18.17
j60m16¢5 19130.6 20288.9 6.05
j§70m20c7 22287.5 26271.1 17.87
j80m21c7 30588.5 36 952.7 20.81
790n21c7 30170.3 37417.3 24.02
§100m25¢9 35194.1 45670.4 29.77
7120m30c9 47657.3 60 059.9 26.02
§140m35¢11 64 258.2 85495.0 33.05
§160m40c11 76 205.4 103914.3 36.36
j180m45c13 101389.7  137971.4 36.08
4200m50c15 149606.2  205895.9 37.63
4300m75¢15 271212.9  370240.8 36.51
j400m100cl5  388897.7  537410.1 38.19
SEEIME 73878.5 99 389.9 21.17

3.3.5 5 CPLEX gtk

T EE— VR DHD &3, 5Ar Sk fe,
KH CPLEX12.4 XA SCHFFE 1) 1] 8 48 37 20 RO )
R AN [ ) RS 1 1) e A T 45 1, DHD
k5 CPLEX #EATFEL 20 #r, xoF &5 3 WL 3% 10.
X (27) UHH Gap 18, 24 Gapeprex-

SCOTE€cprLEx — SCOTE€EDHD

(27)

Gapcprex =
SCOTE€EpHD

Hi I U B, ARSI B T DL A2 [)3s
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#10 /ML TWT HARF DHD 5 CPLEX [#PERELLEL
Table 10  Comparison between DHD and CPLEX with respect to minimizing TWT
i) R AR 1 DHD CPLEX TWT Gap (%) Time Gap (%)
TWT Time (s) TWT Time (s)
76mbc2 250.3 0.156 191.1 443.3 —23.65 284 066.67
77mb6c2 265.5 0.177 352.6 10800.0 32.8 6101 594.92
77m8c3 254.6 0.274 — — — —

AT EBR R 6 /NiF. Wik 10 iR, 75/ N RS o) i
jTm6¢2 &, DHD FikfEaett CPLEX Sk 55
32.80%. M HAIi247 frifi ) CPU time H 75 %
0.177s.

d1 b P WL, DHD 835 Re 8 Puisif 2o 15 206 00
filt. {5 jTm8c3 LA LML &, CPLEX ftn]
FEZ T RG22 N, TEVER B f#, i DHD 45
LU RIS AT I TR A T i AT AR, Sl R,
DHD 7EfRUF TS RCR 1 R, B 57 1 S g
VINE S U=y VU AP

4 ZEig

AR A DHD 5 i iz i i 71 52 PR
U5 PG U R i il o SR 2 2 e S R S B it
(Ko7 S e S A A5l A SR K L RE D 7 31 1 4%
Tt SR RAEM], AT v (K3 25 e SRS X
I P (K R SREAT T AT R R oy, S A RS
WA B R AT — @ . HK, AR SCERHE S ABC
SEREAT O, IR AR il R A iR R R
%, BTG HNE (e k) B B s
URAb, SR $ H () 32 i R P52 SRS REAT RO fik e /E
7R R i PG is i K. 5 CPLEX X
bL S5 45 Wi, DHD  Jy vk G A% S b 45 21 1T 118
fit, Hesk T HAAINSAURE ) SRR,

TR IR, A SCAE RS, BB NG — B A
S0 52 10 DX PN BT 5 AR i G I AR AT 4L, O
BEATRE G2 00 DI TAFBEAT AL Bl PR PR3, AR R OK
(K AR, W L5 R A s o A
INZLAE, AR5 FRRE At C AR AT AR LRI a4 &
ERINE VT
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