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Extended Changing Crossover Operators to Solve the
Traveling Salesman Problem

Ryouei TAKAHASHI*

Abstract

In order to efficiently obtain an approximate solution of the traveling salesman problem
(TSP), extended changing crossover operators (ECXOs) which can substitute any crossover
operator of genetic algorithms (GAs) and ant colony optimization (ACO) for another crossover
operator at any time is proposed. In this investigation our ECXO uses both EX (or ACO) and
EXX (Edge Exchange Crossover) in early generations to create local optimum sub-paths, and
it uses EAX (Edge Assembly Crossover) to create a global optimum solution after generations.
With EX or ACO any individual or any ant determines the next city he visits from lengths of
edges or tours’ lengths deposited on edges as pheromone, and he generates local optimum paths.
With EXX the generated path converges to a provisional optimal path. With EAX a parent
exchanges his edges with another parent’s ones reciprocally to create sub-cyclic paths, before
restructuring a cyclic path by combining the sub-cyclic paths with making distances between
them minimum. In this paper validity of ECXO is verified by our C experiments using medium-
sized problems in TSPLIB, and it is shown that ECXO can find the best solution earlier than
EAX.
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B FH1):2

ZJxuEYEHEp (R2) 03

T EVEFIA I T m; fAIED

BOWREBIC 720 Ty 2 HEFT 20

442

B DIERIEIEIT 2-0opt ¥ & 3-opt Hx 1
B OMMH L CHEBEOHRE*K 5 SA
(YEav—Ty R-7==V>7) %F|
S 2 80 A SA T, FHEED EHEE
BV I F TORBKE % ERE L L8
5, 2-opt¥E L 3-opt IHEEEM L THRO
BRI 2 MR AS B - BB 3 2 AL
VoYU ERERT 5, ASA TIHE
BERDSHE < 72 o 1o RIS KRB I HESR Y12
BT 2, 75 TRVLESER Y
3%, : YES

SXC)

4.5 FEBERHER

(1) TERUIRERERE L], [REREE
BRLIavYa—sREE) T, &%
ERBEEPHERERT 5 £ TICEL AR
BN | OFHMm

42 TRz 8 DDBILFAXA RV —F 1

DWW pchdd2 DPIET -5 #FHWT L, T, N
ML R ERLICRT, K1 a >~
v o2 — Y K%, NEC Versa Pro Mobile Intel
(R) CPU, 2.19GHz, 240 MB RAM T&HHIL
720 112 TO L O RAERER R 50,778 2K
L7cET N, OFZOoHF TR DR VI ¥
Yo — M CREFEREZ R LIET VT
BB, 5EL LT 20pt, 3-opt ZR—RAELT
Lin-Kernighan, SA I X 25HEIFERE b FE 112
W L7z, 2056, YIERZ > ATHY
N \IERIREERERTH 5,

UFicHER2EED D,

(i) EAX & 22 R H 11,393 ¥ TR EREK
F13 50,778 ZEEL TnwB 2 &,

(i) EX BT3B R 56,467 D L »
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Table 1. Comparison of ECXOs with another Crossover Operators EAX, EX, EXX, and ACO on
the problem pch442. (The optimum length of pcb442 found is 50,778)

NO method best computer number of |generation |generation (pop Ncross
length |time to find tours to change |to find the size
found the best generated | crossover best
length to find the | operators | solution
(seconds) [ best length
(]} EAX 50,778 11,393 | 2.210,000 25 442 | 100
2 EX 56,467 1.304 173.264 196 442
3 EXX 55,532 1,104 | 4294472 4,858 442
4 ACO 55,480 20,260 64,532 146 442
5 ECKO(EX-YEAXD 50,778 8,093 | 1.599.156 9 27 442 100
Q6 ECXO({AGO->EAX) 50,778 9.841 | 1.857.726 3 24 442 | 100
@7| ECXOEX->EXX-2EAX) | 50778 7.861 3.566.940 9: 2426 2451 442 100
[#]] - = | 50778 101523 | 3221296 4 1542 1567 442 100 |
Lin-Kernighan{2opt) 54,211 13,520 213 2191 1
1 Lin—Kernighan{3opt} 53,910 9,844 2,200 2,200 1
1 Simulated fnnealing 1 403.940 | 34 740 1.362 1362 1

O the model which finds the optimum length © the optimum model which has the least computer

execution time among all the models

RTER VI L, EXX B TIIERE 55,532
DL MERTE I\ 2 &, ACO BT I3
& 55,480 DR L DRERTE 2w 2 &, PIHAED
Z > ¥ A7z 72 % Lin-Kernighan  (2-opt, 3-
opt), SA B T i £ B & 54,211, 53,910,
493,940 O L pEERTE Rnwl &,

(i) EX» o 9tREHC EAX RT3
ECXO (Z#% ECXO(EX — EAX) L &9) 1k
27 A H 8,093 B TR REE K 50,778 2 BER
LTw3aZk,

(iv) ACO» 5 3t#MHIC EAX c &R T
% ECXO(ACO — EAX) 1% 24 {0 H 9,841 #
TERIERIER 50,778 2R LI-Z &,

v) EX» o9 HCEXX &R L,
EXX» & EAX 122426 lH R B e &x X 5 %
ECXO (EX — EXX — EAX) 2,451 {8 H
7,861 B CRIEREIE 50,778 ZHERL T35 Z
r, ZZTECX0O (EX— EXX — EAX) Tk
D S RENE %2 HER L 9 DRIERIN) 72 S i ff DR
ZAREL T 5720 EXHETHRR L 7z 41 i O fi#
W EXX B CIHRB LU EfE L EERES ¥
442 R OBEEFEEE EAX DAL LTWw 3,

(vi) ACO» 5 4B EXX &L,
EXX» & EAX 21542 R Hicx R ¥ 3
ECXO (ACO — EXX — EAX) & 1,567 Y H
10,153 B THRIEREE 50,778 2R L T 3

ZERRLTWS, 22T (v) EFEfEIC ACO
TER LT 441 o EXX i TER L &
W 1IE 2 RBEI AL BEOEBLEFHL
EAXDATTEL T3,

k& oz & » s, ECXO (EX - EAX),
ECXO(ACO — EAX), ECXO(EX — EXX —
EAX), ECXO (EX - EXX — EAX) O&#IE
FRXA RV = TRk & D EAX O i
BRI % 10%~30% BT % % & &, &R
T3 ECXO (EX — EXX — EAX) HMERE
ERLEBTE 32 L 3bo T,

(2) ECXOWBUBEMLFRINARV—%F

RARKHH D 2R

F£1-1~F14RZTOLOREIDZEN LR
CREEI %R D,

O ECXOEX->EAX)IZB U 3 EX» 5

EAX NOZ KRR 0 ZER E1-12
)

S5HARHE, 9 H, LHARBIEX 25
EAX CHEHEBETFRXARV—F 2RZREE 2
ECXO(EX - EAX) 2 DWW A L /2658, £
TOETNTEAX DS EREfFE 50,778 #HER T
ZOIELIIL33HI0ARnwarEa—
& 5 TR U fatfi# 50,778 2R TE Jzy 2D
5 bR ICEX D 5 EAX IR I ¥ 3
ECXO(EX —» EAX) BikdAnwvwara—
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Table 1-1. Selection of generation to change crossover operators from EX to EAX

MO method best computer | number of jgeneration (generation i Mcross
fength |time to find tours to change 1o find the size
found the best genersted § srossower biest
jength to find the { operators | solution
(seconds) [best length

(35-1 ECXOEX-2EAXD 50,778 10.341] 2837.620 28 442
O5-1-1 EX 86,807 a0 4,420 ] 5 442
O5-1-2 EaX 50,778 10,291 | 2.033.200 {— 23 442 100

I05-3 ECHOEX-DEAY) 50,778 9.116{ 1,781,260 35 442
Ob-3-1 EX 59,785 136 13.260 15 15 442
05-3-2 EAX 50,778 8.980 | 1.768.000 |- 20 442 | 100

O the model which finds the optimum length © the optimum model with the least computer
execution time in ECXO (EX — EAX)

Table 1-2. Selection of generation to change crossover operators from ACO to EAX

NO method the best | computer ber of |g tion | e L pop i M
length |time to find tours to change [to find the size
found the best | generated | crossover best

length to find the | operators | solution
(seconds) |best length

O6-1 EGXO{ACO-YEAX) 50,778 10.483| 2.034.084 25 442
O6-1-1 ACO 80,162 266 884 2 2 442
O6-1-2 EAX 50,778 10,217 | 2.033.200 - 23 442 100

50.71 H

06-3 EGXO(ACO->EAX) 50,778 10,390 1.946.568 26 442
O6-3-1 ACO 69,817 531 1,768 4 4 442
0O6-3-2 EAX 50,778 9,858 | 1.944.800 - 22 442| 100

O the model which finds the optimum length © the optimum model with the least computer
execution time in ECXO (ACO — EAX)

Table 1-3. Selection of generation to change crossover operators from EX to EXX before
operating EAX

NO method the best | computer | number of |& i i [Ncross]
length |time to find tours to change |to find the size
found the best generated | crossover best
fength to find the | operators | solution
(seconds) |best length
(O7-1 | EGXO(EX-YEXX—EAX) | 50,778 12.018] 5.989.100 4,300 442
O7-1-1 EX 85,807 50 4420 5 5 442
O7-1-2 EXX 56,007 605 | 3.774.680 4.270 4.270 442
07-1-3 EAX 50,778 | 11,273 | 2.210,000 |- 25 442 | 100
7-2 | ECXO(EX-DEXX->EAX) | 50.778 7.861| 8,566,940| 2451 442
%‘r—m EX 61.801 86 7.956 9 442
7-2-2 EXX 53.384 387 | 2144584 2,421 2426 442
l@7-2-3 EAX 50.778 7.388 | 1.414.400 | 16 442 | 100
O7-3 | ECXO(EX->EXX->EAX) | 50,778 10,021] 6.073.080| 4.791 442
07-3-1 EX 59,785 136 | 13.260 15 15 442
O7-3-2 EXX 53117 737 | 4203420 4.765 4,766 442
07-3-3 EAX 50,778 9,148 | 1.856.400 |- 21 442 | 100

O the model which finds the optimum length © the optimum model with the least computer
execution time in ECXO (EX — EXX — EAX)

& [ 8,093 M TR E R TE /2, £1T EAX) Th %,
AL ECXO(EX — EAX) %9 iz EX 2
5 EAX wzmZfts¢ 25710 ECXOEX —
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Table 1-4. Selection of generation to change crossover operators from ACO to EXX before

operating EAX

NO me thod the best | computer | number of i W fon [Noross]
length [time to find| tours |to change [to find the | size
found | the best | generated |crossover | best
length to find the | operators | solution
(seconds) |best length
O8-1 ECXO(ACO->EXX->EAX)| 50,778 10.484| 5,351,736 3877 442
08-1-1 ACO 80.162 266 884 2 2 442
08-1-2 EXX 54,215 679 | 3.406.052 3.853 3.853 442
08-1-3 EAX 50,778 9,539 | 1,944,800 - 22 442 | 100
(08-2 |ECXO(ACO->EXX->EAX| 60.778 11.245| 3.819.322| 1.946 142
O8-2-1 ACO 73,650 399 1,326 3 3 442
08-2-2 EXX 55,632 323 | 1,696,396 1919 1919 442
08-2-3 EAX 50,778 10,523 | 2,121,600 - 24 442 | 100
@8-3  |[ECXO(ACO->EXX-YEAX)| 50.778 10.163| 3.221.296 1567 442
8-3-1 ACO 69.817 531 1,768 4 4 442
8-3-2 EXX 54.115 259 | 1.363.128 1542 1.542 442
©8-3-3 EAX 50.778 9.363 | 1.856.400 s 21 442 | 100

O the model which finds the optimum length © the optimum model with the least computer

execution time in ECXO (ACO — EXX — EAX)

Table 2. Comparison of ECXOs and other crossover operators on execution time to find their best

lengths for pcbh442.

ECXO(EX— | ECXOCAGO |
EXX—EAX)
480,190

10| 5342 | 52,153 | 56,467
11| 5,798 | 52,004 | 56,467
12| 6,245 | 51,780 | 56,467
13| 6,700 | 51,621 | 56,467
14| 7175 | 51,332 | 56,467
15| 7,668 | 51,234 | 56,467
16| 8,055 | 51,175 | 56,467 |
17| 8,468 | 51,013 | 56,467
18| 8,842 | 50,925 | 56,467
19| 9,215 | 50,861 | 56,467
20| 9612 | 50,833 | 56,467
21| 9,982 | 50,808 | 56,467
22| 10,375 | 50,786 | 56,467
23| 10,708 | 50,785 | 56,467
24| 11,063 | 50,780 | 56,467
25| 11,393 | 50,778 | 56,467

execution
280 ltime (sec) EAX B BXx

1] 10 {729,120 {729,120 |729120

1| 562 | 67,597 | 57,718 | 69881 ;
2| 1192 | 55,839 | 56,633 54,972 | 53,279 | 54115

3| 1,740 | 55,688 | 56,467 54,372 | 53,015 | 53,453 |
4| 2,266 | 55,346 | 56,467 54,134 | 52,754 | 53,184

5| 2,837 | 54153 | 56,467 53,578 | 52,533 | 52,624 |
6| 3,358 | 53,953 | 56,467 53,042 | 52,366 | 52,394

7| 3,900 | 53528 | 56,467 52,465 | 52,070 | 52,153

8| 4376 | 53421 56,467 52,316 | 51,876 | 52,040

9| 4,883 | 52,823 | 56,467 51,958 | 51,535 | 51,746

51,788 | 51,359 | 51,639 |
51,613 | 51,164 | 51,449 |
51,493 | 50,961 | 51,230
51,330 | 50,847 | 51,191
51,206 | 50,811 | 51,135
50,895 | 50,785 | 51,001
50,895 | 50,778 | 51,001
50,852 | 50,778 | 50,890 |
50,841 | 50,778 | 50,844
50,818 | 50,778 | 50,821
50,798 | 50,778 | 50,792
50,778 | 50,778 | 50,785 |
50,778 | 50,778 | 50,778
50,778 | 50,778 | 50,778
50,778 | 50,778 | 50,778
50,778 | 50,778 | 50,778

©® ECXO(ACO—EAX) 12 83 3 ACO
25 EAX ~AORMAMA (R 1-2 2H)
2 H, 3THARH, 4R HE I ACO» 5
EAX 1258 & ¥ % ECXO(ACO — EAX) 129
WTHELER, Wihd EAX H3 & @ fiE
50,778 ZHFER T A2 DICEH L 72 11,3938 & b 4
BRWIAVY 2 — VTR Ui A R T X
Tw3 Z &, Z2HT 3R ACO 2» 5 EAX
AR &% 2 ECX0 (ACO —» EAX) i3&Eb D

a3 VY o — & R 9,841 M TR & BER
T&5 B brol, £1TmrLIECXO
(ACO — EAX) 3 3 iz ACO »» 5 EAX 12
TREE2ET VD ECXOACO —» EAX) T
b5,
® ECXO (EX — EXX —EAX) B3
EX 5 EXX NOZRHR (F1-32
i)

N

STAH, IHAH, I5HAHICEX 25
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EXX 2 & ¥ EXX CRIGEZM Y, 7Dk
EAX THAH 2RO % %5 ECXO (EX —
EXX > EAX)IZDOWTHHEL 2R, () 35
DET VT T N b HdfiE 50,778 2R L T
W32k, (i) 9HAHEHZS v 16 AT EX
S EXX IR & ¥ EXX TIRIGE 2 X - 72
ETNABEAX L nwvaryea—FEET
B UREfR 2R TETWwa 2 &, (iii) 9K
HTEX 26 EXX e &% EXX TIRIR
RS IETNDRO DI 2 — 5K
1861 M CREREHRERRTE L Bbhol,
#F 1T L7 ECXO(EX - EXX - EAX) &
9HHAMRICEX 25 EXX &R L # D EXX
» 5 EAX xR+ 25820 %7 Vv DECXO
(EX - EXX - EAX) Th 53,

@ ECXO(ACO—-EXX —->EAX)IcBIF3

ACO » 5 EXX ~OA R (R 1-4 %
&)

2R H, 3HARH, 4R HICACOR 5
EXX 2 s ¥ EXX CRIGE 2D, Dk
EAX THERIEH DI % XK % ECXO(ACO
— EXX » EAX) 2 DWW THAELER, (1) 3
2D ECXO(ACO - EXX - EAX) lZwih
b EAX 23 MR 50,778 ZER T 2 DI EL
7211393 X v Dl vwa v v a— YR TH
Uhlff 2 FRTETnBE 2k, () 2055
4R H 12 ACO 2» 5 EXX I &R & ¥ EXX
TRINE K2 ETARRLD VNIV E 2 —
S 10,153 B CREMREHERTE L 2 W
bhrolz, &1 T L7 ECXO(ACO — EXX
— EAX) 13 4 R H 12 ACO 2» 5 EXX 12 &R
EHEXX CIRINEKE 2K % € 7 v D ECXO
(ACO - EXX - EAX) Th 3%,

(3) FmWFFERD 712 A

# 21X EAX 0 HROKTEZ T EAX %
5D 7 D DFBBEFRX A RV — & PR
U REARBENED L S EEL Tk
RLTWS, ThE 77 7L 6 IR Y, 7
Z 7 O X BidSEATHRIR, Y 83 % Ok £ T
R REARBEERRT &2, M6 s, (1)

60,000

58,000 {

56,000 )
54,000 \‘:\\\::\\4
52,000 e %

50,000

best length
3
o

—#—ECXO(EX—EAX)

—e—ECXO(ACO—EAX)

0 2,000 4000 6000 8000 10000 12,000 _,_ EnxO(EX—EXX—EAX)

computer execution time (sec)
—e—ECXO(ACO—EXX—EAX)

Fig. 6. Evaluation of both of ECXOs and other

crossover operators on computer time to
find their best lengths of pch442.

50,800

et EAX

Vot
A e
\

50,785

50,760

@ EGXO(ACO ~EAX)
50,185

L AL
e A

50,775 == ECXO(AGO ~EXX~EAX)
7,000 8,000 8,000 10,000 11,600 12000

computer execution time (sec)

best length

wwopoms EGXO(EX—EXX~EAX)

Fig. 7. ECXOs converge to the optimum solution
earlier than EAX on the problem pch442.

2 A H 58 T K% 562 sec Tl EAX N ER L
7o B 67,597 X D LR R 57,718 & EX 1%
BRL Twa s, 4 HHEZE TR 1,740 sec A
B, EX Of#I3HPritEfE 56,467 1 D RO
ERR SN W &, (i) 3HARHEHE TR
1,192 sec DA, EXX 13RI Hetf# 55,532 12 [
DIEOUWES RS W &, (i) EAX 25
i 50,778 ZHE R L - 25 AR H 58 T K 4
11,393 sec < ACO 1% 57,975 O JE i fi# L 72
BERTETWERWI EDBbD 5,713 14 A
HLEZEME L 72 7 Th Y, EAX 25
Wz 4 2D ECXO O i 50,778 ~ O IR
FERHELTws, £1, £2, M7»5 7,861
sec THEAIC ECXO (EX —» EXX — EAX) #8
R L, X2 ECX0 (EX — EAX),
ECXO (ACO — EAX), ECXO (ACO — EXX
—EAX) OIEFE CR#EMEHERL, B
11,393 # ¢ EAX 2SHE CRBEE 2 HER L T»
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52 EBbirb,

5. fthoy TSP RiREIZ & % ECX0

AR

pch442 Wiz Emx (2), (12) TEEI L Tw
% 1in318, d198 iz X v ECXO O & %tk % #3F
L7ze fERZDTCEET 5,

(1) lin318 1z & % ECXO O H %M o # 3k

(%3)

#3Wlindl8 AW L N, T cBH¥ %8
DDBMETFA RV —F O LLEGFHIRE R % 18§
3, 3D A ¥ ¥a—F KX, COMPAC
NX6320 Genuine Intel (R) CPU, 1.66 GHz, 504
MB RAM TEHHIL 7z, £3 12 TOLOWRFE1

Table 3.
the problem 1in318.

DZENERBEREEEZRLTWS, HEREL
TICE e 3,

(i) EAX 322 R H 2,321 ¥ T E R
542,029 #ERLTw5b 2 L,

(i) EX B TIIRE R 44,300 OfFE L »H
RTERWI L, EXX B TIIERE 44,539
DB LUDPERTE RV I L, ACO B TIH R
£ 53,605 DIELDFERTE RN &,

(iii) EX 25 15 R HIC EAX &9 3
ECXO (Zh % ECXO(EX - EAX) L& 9) ik
34 R H 2,291 B CRERKE 42,029 2R
LTWws 2,

(iv) ACO» 5 3t H I EAX &7
% ECXO(ACO — EAX) 1 26 1L H 2,517 #
TR 42,029 2R L TW5E 2 &,

Comparison of ECXOs with another Crossover Operators EAX, EX, EXX, and ACO on
(The optimum length of 1in318 found is 42,029)

NO method best length | computer time | number of i Ncross
found  |to find the best tours to change [to find the |  size
Iength generated to| crossover best
(seconds) find the best| operators | solution
length
(] EAX 42,029 2321 279.840 22 318 20
2 EX 44,300 490 125.292 197 318
3 EXX 44539 269 3.080.784 4,844 318
4 AGO 53,605 32,480 222,600 700 318
05 ECXO{EX->EAX) 42,029 2,291 251.220 15 34 318
[+]] ECXO(ACO->EAX) 42029 2517 293514 3 26 318 20
©7]  ECXOEX-SEXX->EAX) 42.029 2.224 1,682,220 |  15:2250 2284 318
08| ECXO(ACO->EXX->EAX) 42,029 3,055 3.495,774 3:4995 5,023 318 20

O the model which finds the optimum length © the model which finds the optimum length with
least computer execution time

Table 4. Comparison of ECXOs with another Crossover Operators EAX, EX, EXX, and ACO on

the problem d198. (The optimum length of d198 found is 15,780)

N0 |method the best b

leneth
found

of Neross

eeneration
to find the
best
solution

generation
1o change
crossover
operators

population
size

time to
find the
best
leneth
{seconds)

LY
268
169

tours
generated
ta find the|
best
length

110,880

76.824
1,941,984

15,780
16110
16,364

4
194
4,904

20

1

198

15780 382 82518 29 13
ECXO(EX->EXX-DEAXD 15,780 398 | g20.908 23:49 1.883 198
ECRO(AGO->EXK—>EAX) 15,780 530 | 1,059,608 14,128 4321 198

EGXO(AGO-YEAX)

O the model which finds the optimum length © the model which finds the optimum length with
least computer execution time
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(v) EX»56 5B EXXexfL,
EXX 2 & EAX 12 2,250 X H i &2 % 3 2
ECXO (EX — EXX — EAX) 2,284 {8 H
2,224 B TR E 42,029 #FERLTW3 Z
r, ZZTECXO (EX — EXX — EAX) 3%
DL TR T 2720 EX B CHER L7 317
ORI EXX 3 CHR L 7o Fediff 1 % R1E
SR/ 38 HOBEETEHZ EAX DAL LT
W3,

(vi) ACO » 5 3#fH I EXX ez fL,
EXX 2 5 EAX 12 4995 R Hic xR 3 2
ECXO (ACO — EXX — EAX) 11 5,023 X H
3,055 B THRIERIE 42,029 2R L Tw 3,
Z Z TECXO (ACO— EXX — EAX) T %
ACO THHR L /2 317 M o f# iz EXX 3 THR
U 7z iiafi 1 8 2 1848 X B 72 318 i fs FiE
ZEAX DAHELTW3,

F 35 5 pchdd2 X [FAElN3I8 I B W T B
ECXO (EX — EAX) & ECXO (EX — EXX —
EAX) OBETFRXA RV —2 R EAX
D BRI % 5% B L TW 2 Z L 2%
AL D,

(2) d198 1z & 3 ECXO OHBERIt:DOMEF (£

4)

4 13 pcb442, 1in318 & [AHKE d198 2B\ T
b, BETRXA RV —F % ECXO &
EAX iZ 3w i & K 15,780 2 BE R L,
ECXO ¥ EAX O # i fiff £ % W i % 20%
~30% B TE 2 L ARLTWS, 4D
v 2 — ¥R, NEC Lavie Intel Pentium
ITI, 695 MHz, 512 MB RAM TEHHIL 7=,

6. #* B

WRBRLE TR A Vv —%7 &Rk ECXO
(Extended Changing Crossover Operator) @
A %t % TSPLIB @ | 8 8 TSP 7 — %
(pch442, d198, 1in318) 2wz C a7 A
SEERNTRREE L 720 4 ECXO 13 i iy 2 1 o AR
TREBRETREX ARV —% EX £7213 ACO %

5Nz EXX 12 & 0 AT Feali TE IR R R &
AL, Tz AN E L TR TIRESR
FARNA =V —% EAX 12 & O KB R
% SRR T %, FEERORER, ACO S
EX, EXX H TR REREZHERT 5 2 &h
W 2 &, EAX B CRERE 2R T
22 Enbdoiz. EAX BT BTG &
WE 7o TR HRE KT 2 % TR
M5, AEEIZ LY, ECXO0 ik EAX O f#fE
BRI % 5%~30% A LT & 2 & & 5% Mk
L7z,

EED)
AFSELAT O ERESEM S OHERTH 5,
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