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An Assignment-Balance—Optimization Algorithm for Minimizing Production
Cycle Time of a Printed Circuit Board Assembly Line

Sang-Un Lee *

Abstract

This paper deals with the cycle time minimization problem that determines the productivity in
printed circuit board (PCB) with n components using the m placement machines. This is known as
production cycle time determination problem (PCTDP). The polynomial time algorithm to be obtain the
optimal solution has been unknown yet, therefore this hard problem classified by NP-complete. This
paper gets the initial assignment result with the machine has minimum unit placement time per each
component firstly. Then, the balancing process with reallocation from overhead machine to underhead
machine. Finally, we perform the swap optimization and get the optimal solution of cycle time 77
within O(mn) computational complexity. For experimental data, the proposed algorithm can be obtain the

same result as integer programming+branch-and-bound (IP+B&B) and B&B.
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[. Introduction

o123 27]9 (printed circuit board, PCB) Z#a}ele] A,
il 7IAE M, (i=1,2,,m) © ZHERIC] ZAn|ojojHE
el v Eo] st PCBel j7i¢] -5 (component)E
¢, (j=1,2,n) & WjAIske] AR Shue] FES TR
Z1AEe] AN 4= 9tk o] A A WAR o= FES
o= Z)Ale w7 gEd AR digk H5% WA (component
allocation) #AIE 438t b5 o=, 2 7|49 A5Ew7
% W€ (feeder arrangement)¥} H-3# v]%] <=4 (placement
sequencing)g A74sloF grh(1].

B =2 5 wA ZAE vErh FF 8R4 4
71A12] #HIAIZE (set-up time)©] ZL3HH, 3|2 7)ol v
g g N FEE RS Folxl it Z1Alel wgste]
Hd AYTEAIEE 7H 71A1 9] AAAES H AR Fof &
o} ket Ho ZAATHS 7HD 71417 PCB 1S At
AIZEI AAEE7] (cycle time)E AA3H7] wlEolth olE A
A7) AR EA4) (production cycle time determination problem,
PCTDP)2} geh2].

PCTDP= ZHzpele] S ZAAsk=d o] F8.¢
aQlo® Zget}(3]. 2Eut o] A9 HA & vz
o8 ke garglgo] ARMEA e glo] NP-¢kd (NP-
complete) 2.2 FF¥ dA|o|t}H2].

PCTDPel dj3] Ammons et al.[1]> ATAIEH (integer
programming, IP)&, Kodek¥ Krisper[2]E #7340
(branch-and-bound, B&B)<, Ji¢} Wan[3]-2> A4AIEWY (integer
programming, IP)¥ B&B2| £3+8<S, Drenzer}l Nof[4]&
Az} 4971 4] A8 (bin packing insertion plan)S, Gunter et
al.[5]& H-3# w4 (component knitting) WHS, Watkins
9} Cochran[6] W& 7|AZ5E ngE7|A =] F5F ol
WS Hodt Jil7]12 42 ¢a1d]E (genetic algorithm,
GA)&, Neammancee9} Randhawa[81+& 7979 £¢4 W
H (integrated methodology)< Al¢tetsith,

=M= NP-2-91 PCTDPl thsll O(mn) 2] B4 7
o2 e T F dE duHFS AN 27ddAE
PCTDPE a#dth. 3%elA= PCTDPY slE thdrlgko=®
T3 e GaFES Algreth 4l e AjtE el

& T Aol 4 gste] B,

o

r\l

[

II. Description and Related Works

Aoz shite] PCB Z2yekele vl thE uix| 7]
Al (non-identical placement machines)E2 T4 =] 9l

5§ NS wiA 7)A i &2 7)) iR s AIS
WA AIZE p, 2} 8FAE PCB Z#Ekelel 9] PCTDPE RE 5
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PCTDPY] AAt7] 7 = 4 (DE TR 3.

n
T* = Minimize max E(p,;jr”)stili: 1,2,,m D
=

m

subject to. Dz, =q,(j=1,2,n)
i=1

T > 0, integer

Jig} Wan[3]ol4 28 & 19] A, 240l dis| PCTDPE it
el AL P2 m=3,n=7 % 5= PCB 282Kl 3019] 7]
A7t Adx=e] ar, 2k 71712 ERIARES 110, 1472 147sec ©]
™, 77H] 5E 3940E 371 Z1AIR 3278l uixlslior ]
PCB7F Ak o71M p, >0 &9 FF X Ao,
p,; =0 = T 7R S TS viAshs Aie = EE = )
T dfeltt s, = 7IAE AR ThsA e IR, ¢ = W

A el F uiA] el

Table 1. P, component allocation problem

Component Setup time

Machine| ()
4 Cy [ cy [¢3 Co [ S;

My 300 | 700 | 700 | 500 | o © © 1100
M, 7.00 | 1200 | 1500 | 1600 | 15.00 | 1500 | 21.00 | 147.0
M, | 2300 | 38.00 | 3500 | 35.00 | 27.00 | 33.00 | 4300 | 147.0
q; 324 37 12 5 7 5 4 3M

Jist Wan[3]2 P, ol tiel] IP+B&BS #-galo] % 29} 7o) uj
Aslo] 7 =971.00 & AT},

Table 2. Solution of IP+B&B for P,

Machine| ¢ [ g | g | o | 6| o
M, | 276 1]5
M, | 47 | 37 | 2 1
M, 1 9 7 5 3
. Component Assembly time
Machine!
alolaglala || al|2p) s T;

MM, 182800 0.00 | 7.00 [25.00| 0.00 [ 0.00 | 000 | 860 | 110.0 |970.00
M, B29.001444.00/30.00| 0.00 | 0.00 | 0.00 |21.00] 824 | 147.0 |971.00
MM, ]23.00| 0.00 [315.00 0.00 [189.00[165.00[129.00] 821 | 147.0 |968.00
7" |971.00

B&BE 2" 78] B =g B el 8 S5t o
wjo] o] F7kePd STt VIshrA o2 STkl o] A
- (worst case) A5 (brute—force search)} 5U3+ NP-¢+
oeH9]. 478k 2 1o] AT A (P2} HEAE
(linear programming, TP} 5] i n o] S7F6pd SAe] =
7he 7IekarAoR S7IeRs WAR NP-¢hd o #5rslo] A
o= AfE FAEN A4xa 101111,

PCTDPE #%& 7179 1:112 wjgshs AR SFEA
(assignment problem, AP)[12] ZFol|A% HEl ZHzlo]
Haob HE% o Wi FEEAl (bottleck AP, BAP)[13]

2 & Jdon, 155 b2 bidse dAR 5l
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(transportation problem, TP)[14]12% & 4 3t} wj2bA
PCTDP+= BAPS} TP} At EA|2 thatrgtez &

717} 444 et

[1l. Assignment-Balance—-Optimization
Algorithm

53} (overhead) 7]A19] H-E<
Auldstel 79 (balance)s HFE
(swap optimization)& Fd3te 3TA WS Aekgic)

A HA GAE Fsid, Aol 7 T2 7] Ad
35 Eo] WA E Y FRaprt wAGt o] 7]A 9]
& =172 39, Fdg 7/m = T F vk mEbA
TIm<T <1° o &3S & 5 Jo, F HA e} Al WA
A= 7 7F 7oA AR "o, RHZ 79/m o 74t
AAZ=F sk Wolth Ak daEFE Omn) T &
FE7b a7H ARk daelEs wig-—wrE-HAst daels
(assignment—halance-optimization algorithm, ABOA)o|2} 3,
28 1 A E] QU

Initial assignment

!

Swap optimization

ABOAE th&3} #o] 3t

Step 1. %5 & 943} A4
for j=1 to n
min?i o g W18
end
Step 2. 3¥ W3
wtil VT = T% do
T, 7S] B BSIARE o REs
o #ol d,=p,~p,, A
mindj?—]‘ p,z_;'g] - qlz'j% P °ls.
T ain L7t TE A B2 F
end

Step 3. 23 43}

wtl 3,7°< 77 do
(]”1’01) :1711/‘1117 (]%702) :1712/‘112:
(]%’Cl) :p21/q217 (]%702) :pzz/qzz.
Doy > Pi1sPay > Prar Pag ~Pra > Pa1 ~Pi
ol chish
Gy = (Myye;) = (M,cp),
Qo = (Alucz)_' (j%vcz)
if 1,7, L7V A= g, q,, then
P11 =P T 9n0Pa1 = Po1 ~ 1
Pra =Pra " GnasPa2 = Paz T o
end
end

0] o) o) i} }
o Average(T) o b S ABOAE p ol 243 B4 T3 20 AA =] ik %
:T‘/”’ =T 7] W Ak, 7 = 1450, T, =411, T, =147 2 7°=1450 & &
t o _
o] o) [ E3Lo] A& wjAER] o} 71 Aol X
S8 1 WE-DE-H™E YD2E o %omTfJ qu Ve e g e
Fig. 1. Assignment—-balance—optimization algorithm B 7IAdE & 3ok
il 45 Component spo | s T
t; Cy Co C3 Cy Cs Ce C7 Y ' '
. |3.00/324[ 7.00/37 | 7.00/12 | 5.00/5 | /0 | 0 | /0
M 1(972.00) | (259.00) | (84.00) | (25.00) | (000) | (000) | (000 | 1340 | 1100 | 1450.00
[ 70000 | 120000 | 1500/0 | 16000 | 15.00/7 | 15.00/5 | 21.00/4
M1 000 | 000 | ©00) | 000 |(105.00)| (75.00) | (84.00) [ 264 | 1470 | 411.00
[ 2300/0 | 3800/0 | 3500/0 | 3500/0 | 27.00/0 | 3300/0 | 4300/0
M 1 %000 | “000) | 000 | “000) | ‘©00) | “©000) | 000 0 | 1470 | 147.00
7~ | 1450.00
(a) Assign minimum unit time of part
1A & cy cy ¢y 5 [ c;
M, ]3.00 [ 700 [ 700 [ 500
71, | 7.00 | 1200 | 15.00 | 1600 | 1500 | 1500 | 21.00
77, |23.00| 3800 | 35.00 | 3500 | 27.00 | 3300 | 43.00
Kol 1 20 [ 31 28 130 [ 12 [ 18 [ 22
=4 | 3 1] 2
7|1A 1 C C3 C4 Cs Co 7 Xpij | s 7
) 3.00/3245186 | 7.00/37 700/12 5005 /0 570 /0
M k972.00558.00)  (259.00) (84.00) 25.00) ©000) 000) ©00) | 926 | 1100 | 1036.00
7.00/0-115 1200/0 1500/0 1600/0 | 15.00/7>0 | 15.00/50 | 2100/4
M (0.00-805.00) | (0.00) 0.00) 000 | (105.00-0.0) | (75.000.00) | ‘®400) | 889 | 1470 | 1036.00
| 23.00/0523 | 3800/0 3500/0 35000 | 27.00/0>7 | 33.00/055 | 430000
M ] 0.005529.00) | (0.00) 0.00) 000 | (0.0-189.00) | (0.0-165.00)| (000) | 883 | 1470 | 1030.00
7 | 1036.00
(b) Balanced distribution
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71A € Cy C3 €4 C5 G G 2py; Si T

, 3.00/1865256 | __7.00/37—0 700/12 500/5 /0 /0 /0

M )(558.00-768.00) | (259.00-0.00) |  (8400) @500 0.00) 0.00) (oo0) | 877 | 1100 | 987.00

, 7.00/115—45 | 12.00/0-37 | 15000 1600/0 1500/0 1500/0 2100/

M |(805.00315.00)| (0.00>444.00) | (0.00) 000) 00) ©0.00) (800 | 843 | 1470 | 990.00

~ 230023 3800/0 3500/0 3500/0 27007 3300/5 3.00/0

% (52900 (000 (0.00) 000) (189.00) (165.00) ©000) | 883 | 1470 | 1030.00
7" | 1030.00

1A € ) G G Cs Co Cr i Si T

3.00/2565276 | 7.00/0 700/ 1251 5005 /0 /0 /0

M |768.00828.00| (000 | (84.0057.00 | (2500 000) 0.00) (o) | 860 | 1100 | 870.00

7.00/45 20037 1500/0 1600/0 1500/0 1500/0 21.00/4

% (315.00) 444.00) 0.00) 000) ©00) 0.00) 400 | 343 | 1470 | 990.00

23.00/233 | 386000 | 35.00/0-11 3500/0 27007 3300/5 3.00/0

M| (529.00-69.00 | (000) | (0.00-385.00) 000) (189.00) (165.00) ©000) | 808 | 1470 | 955.00
T | 990.00

1A G & G G G i & 2, Si 7

y 300/276 | 7000 70071 50075 /0 /0 /0

M (82800) (0.00) (7,00 (2500) 000 0.00) 0.00) 860 | 1100 | 970.00

y 700/45 | 120037 | 15.00/053 1600/0 1500/0 1500/0 2L.00/4>1

M (315000 | (44400) | (0.0045.00) 000 00) 000 | (84.00-21.00 | 825 | 1470 | 972.00

y 23003 | 38000 | 35.00/118 3500/0 270077 3300/5 43.00/03

M (69.00) 000 | (385.00-280.00) | (000) (189000 | (16500 | (0.00-129.00) | 832 | 1470 | 979.00
T | 979.00

21 o) ) G G G G o Xpy | s 7;

y 300/276 7000 70071 50075 /0 /0 /0

M (82800) (0.00) 700 25.00) ©000) ©000) ©op) | 860 | 1100 | 970.00

y 7.00/45>47 | 120037 | 15.00/352 1600/0 1500/0 1500/0 21.00/1

2% 1(315.00320.00) (44400) | (45.00-30.00) (000) 00) ©00) @100 | 824 | 1470 | 971.00

’ 23.00/3>1 | 38000 35.00/8-9 3500/0 270077 3300/5 30073

%] (69.00523.000 | (000 | (280.00315.00) | (000) (18900) | (165000 | (12000 | 821 | 1470 | 968.00
7 | 971.00

(c) Swap optimization
Fig. 2. ABOA for P,

F AR g@uEelN, >1,>7 B ME VISR
Dij Aol At At |Pas *p35|:12°ﬂ el g5 45 =55, |P1,
—py =200 el ¢,-q, =23 & ol EAZT BT T, > 7T,
>N 2 ME 7R |p, —py =01 Wl ¢,~q, =115 &

olFAIA T, =1036, T, =1036, 7, =1030 &2 7TP=1036 O.&

39 71AE 107H4] BE, % 404702 shhe] PCBell i x]ah=
iAotk Kodek¥} Krisper[2]:= P, #Al dl3l] B&BE A
L3Fo] T 49} Fo] 7 =11250 & AUk

= ©«

ofj

Table 3. P, component allocation problem

Pjla || & |a |6 |6 |&] & %G| %
— kel 1YS J
T'=1450 & 14 Z2AHAH. 2 [03]07]07]05] | | ]06]05] =] 50
A go 2wk HAsE 435 FASIATE ¢, -, = Mlo7|12|15[16]15]| 18|19 ~ [07]19] 67
. (172322 241915 20| 25] [ 18] 78
45,q,, 4, =37 A} T, =987, 7, =990, 7, =1030 2% 7= 0, |162| 0|51 |30 22|16]12]9]7]s
1030 S, gy—q, =20, ¢u—q, =11 AT 7, =970, 7, =990,
T, =955 2 T7=990 &, ¢u~ay =3 ¢y.—¢, =3 A} T,=  Table 4. Solution of B&B for P,
— — S35 = _ _ q; C & C c Cy Co C. Gy & ¢
970, T, =972, Ty=979 = T7=979 =, ;=0 =2 Gy~ 53 = [ 6 (B T
1 A% 7, =970, T,=971, T,=968 Z T =971 & o 717 M, 84 7
o 010 o M, 2 216 [ 12 5
=971.00 = = T )\A?}\q—. A o] o ol al ol @l o] &l al af 2n, [ s T,
2, [486 42934315q oq od od 54 od od 1075 | 50 [112.50
14, | od1008d oq od od od od od 49 od 1057 | 67 [112.40
: : : 24| od ood 44 od41g24d24d od od od 1032 | 78 [111.00
IV. Applications and Evaluation : P TPy
B oM % 39 p, EAlol ta] AlhE ABOAS A& A kel ABOAE P, wAlol A-&¢k A= 18 3o AAH
dte] B}, p, = Kodekd} Krisper[2]914 91¢Ht}y. pE O Utk
71A < G G Cy 3 Cg & Gy Gy Cio Zpy Si 7,
;| 03/162 | 0./90 | 0.7/61 | 0.5/30 /0 /0 /0 0.6/9 | 0.5/7 /0
M ] (a860) | 63.00) | 35.70) | (15.000 | ©00 | ©0) | ©00) | (.40 | @50 | oy [1720| 50 |176:20
) 07/0 12/0 15/0 160 | 15/22 | 180 | L9/12 /0 07/0 19/0
% 1 000 0.00) ©000) ©00) | (33.00) | ©00) | (92.80) | (000) 0.00) ©oo) | 55-80| 67 | 6250
) 700 23/0 22/0 24/0 190 | 1516 | 200 25/0 /0 1.8/5
M ] ooy | ©o0 | ©on | ©o0 | ©o0) | @400 | ©00) | @©on | ©00 | (9.00 [ 3300) 78 | 4080
7| 176.20
(a) Assign minimum unit time of part
Machine cl 2 c3 4 c5 c6 c7 c8 9 c10
M1 03 07 07 05 06 05
M2 07 12 15 16 75 8 79 07 79
M 17 23 22 24 19 15 20 25 18
c 162 %0 51 30 2 3 12 9 7 5
Afo] 14 16 15 1.9 04 0.1 19
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71A 51 < G Sy G S g S S S0 2 Si 7
o [ 03/162 [ 07/% | 0751 | 05/30 /0 /0 /0 06/ | 057 | /0
M| useo | 6300 | 3570 | (1500 (0.00) 0.00) 000) (540 | 350 | (oog |171-20| 50 |176.20
3, | 070 [ 120 [ 150 | 160 | 152250 | 180 [ T9/1250 | =0 | 070 | 190 | ool 67 | 670
> | ©oo | ©dg | ©09 | ©00) [(33.0050.00)| (000) |(22:80-0.00)| (000) | (000) | (G00) - : -
v | 10 [ 230 [ 220 | 240 | 19/0>22 | 15716 | 200012 | 250 | <0 | 185 | oss0l 78 |106.60
M | oo | 600 | 600 | (000 |(0.00>41.80)| (400 |(0.00524.00| ©G00) | ©000) | (900) - : -
T |176.20
Machine cl ] A3 4 <5 e <7 8 9 c10
M 03 07 07 05 06 05
MG 07 12 15 16 5 i 19 07 19
M3 17 23 22 24 19 15 20 25 18
c] T62 % 5] 30 % To 2 5 7 5
ol |04 05 08 i 0.2
714 ¢ ) G Cy S S g & & S0 Zpi; Si T
[ 03716250 | 07/%0 | 0751 | 0530 | =0 | 0 | 0 | 060 | 05/=0 /0
M) (48.:600.000 | €300 | 3570 | (1500 | ©00) | ©00) | 000 | (540 | 3.50-0.000 | (oopy |119-10| 50 |124.10
. [ 0.2/05162 [ 120 | 150 | 160 | 150 | 180 | 190 | 0 |  0.7/0-57 190 1830 67 |125.00
> K0.00>113.40) (©00) | ©00) | ©00) | ©00) | ©00) | (000) | (000) | (0.00-4.90) | (G00) - : -
v 17/0 230 | 2200 | 2400 | 1922 | 1516 | 20412 | 250 oo/ 185 | 9880 75 |106.60
*h (0.00) 000 | ©00 | 000 | @80 | @200 | 400 | (©600) 0.00) ©9.00) - : -
T |125.00
Machine cl ] 3 4 c5 6 ol 8 9 c10
I 03 07 07 05 06 05
2 07 12 15 16 5 i 19 07 19
M3 17 23 22 24 19 15 20 25 18
C] T62 % 51 30 % To 2 5 7 5
Ol 1.0 16 15 19 19
7A S £} S G G S 54 & S ST 2p; Si 7;
y 030 07/90 | 0751 | 05/0 | /0 | /0 | 0 | 060 | 050 | /0
M 000) (6300) | (3570) | (1500 | ©00) | ©00) | ©00) | (540) | (000) | (o) |11910] S50 [124.10
| 0771625154 | 1200 | 150 | 160 | 150 | 180 | 190 | w0 | 077 | 190
% (134010780 | 00 | 000 | 060 | 600 | 000 | 000 | 000 | 4% | 600 1270| 67 |119.40
y 1.7/0-8 230 | 2200 | 2400 | 1922 | 1516 | 202 | 250 | o0 | 185
M | 00013600 | (000 | 600 | (000 | @180 | 400 | (24000 | (000 | 000) | 9op |11240| 78 |12020
T |124.10
(b) Balanced distribution
7IA < c, < < G % o G < o | b 5 7
.| 03005154 | _0.7/8050 | 07/51 | 0530 | /0 | /0 | /0 | 060 | 050 | =/0
M| ©0.00-46:20) | (63.0050.00) | G570 | (1500 | ©000) | 000) | (000) | G40) | (000 | (ooo) | 1028 | 50 |107.30
L | 0.7/1540 12/0590 | 150 | 160 | 150 | 180 | 190 | 0 | 0777 | 190 | 1130 | 67 |119.60
~2 ] (107.80—0.00) | (0.00—108.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | 4.90) | (0.00) " : :
v 1778 23/0 220 | 240 [ 19722 | 1516 [ 20712 [ 250 | =0 | 185 | 1124 | 78 |120.20
: (1360) 0.00) 000 | (000 | 4180) | @400 | 400 | ©00) | ©000) | ©00) 4] 7 -
T [120.20
1A o o G [ G S o & G o | Zpy | s T
. [ 03/4=162 | 070 | 0.7/5149 | 05/30 | /0 | /0 | /0 | 060 | 050 | /0
M| (46:90-548.60) | (000) | (35.70-34.30)| (1500 | (000) | 000 | (000) | (540) | (000) | (o) | 10330 50 10830
’ 07/0 12/90 15/0 T6/0 | 150 | 180 | 190 | o0 | 0777 | 190
e ©00) | aoson | ©00 | 600 | 600 | ©00) | ©00) | 000 | 49 | ©op |11290| 67 |119.60
v | T8 [ 230 | Za/z | 240 | 1922 [ 1516 [ 2012 | 250 | =0 | 185 |103.90| 78 | 11L0o
| (13600.00) | (000 | (0.00>4.40) | (000) | (41.80) | (2200 | (2400 | (000 | (000) | (G.00 |19 : -
7" [119.60
A ] ¢ G < < G & o G G g Sy | s 7
. [03/162] 0056 | 07/43 | 0530 | /0 | =0 | =0 | 068 | 050 | /0
M Jugen)| 0.00-4.200 | (3430 | (1500 | ©000) | ©00) | ©00) | 540) | ©00) | oo | 1075 | 50 |11250
v, | 070 | 12/8084 [ 150 | 160 | 150 | 180 | 190 | w0 | 077 | 190 | 1087 | 67 |11240
4% | ©00) [(108.00>100.80) ©G00) | ©00) | (@00 | @00 | ©00) | ©00) | @490 | ©00) 7] 6 -
I G 2300 —i 222 | 2400 | 1922 | 15716 | 2012 | 250 | 0 | 185 | 1032 | 78 |11L0o
s | 000 (000 (@40 | 000 | (4180 | (2400 | (2400 | (©000) | (000 | (500 2] -
7 |112.50
(c) Swap optimization
Fig. 3. ABOA for P,
z7] W AT, 7, =176.20, T, =62.50, 7, =40.80 &2  154,g,q, =90 AF} 7, =107.30, 7,=119.60, 7, =120.20 &
7'=17620 & AAeH, >7,>7 B a9 A% B 2 1212020 & g-q, =8 au—a =2 A7 T =108.30,
£ of 2 9 ,
ol M Fow & Tk 7,=119.60, 7,=111.00 & 7=119.60 2, g,—~q, =6 751}
P H O 3] 2= [eS] y
TR d@Es 38 SRt B> 0>7 2 M p o950 7= 11240, 7)= 11100 O.F TV= 11250 & Qo]
= = = =]
B VIEOR py; Aol AR AR py —pyr|=0000 WA g~ 4 _y1950 07 ARYAY,
o= = 5 —99 2 o|% .
4 =123, |p25 D35 = 0.4 thsh G55 =22 = ol sAIA =rollA] ARE 2709 AsidlelHedl dis] ke ABOASH
T, =176.20, 7, =6.70, 7, =106.60 ©& 77=17620 & A3  [P+B&B, B&BS A%& & 50 Qokde] 9l
o >1>17 2 ME VISR p; 2ol ARt A |p, -
Pog|=0-201 N3l gg= g =7 = |pyy —poy|= 0401 WHSH ¢,,—q,,  Table 5. Compare with Algorithm Performance
=162 & 0]%*]7:] T, =124.10, 7, =125.00, 7, =106.60 &= A AT
< IP+B&B | B&B ABOA
77=12 o T ow NEOE
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