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Abstract

The Electronic Toll Collection System has been used for five years, but the usage rate
was still less than ideal to use ETC. To better understand the adoption behaviors of car drivers
for Electronic Toll Collection (ETC) system, this study aims to develop an ETC disaggregate
choice models based on questionnaire survey. To acknowledge the different preferences
existed among car drivers, the latent class logit model is used to classify respondents into
different groups without prior knowledge and subjective segmentation. The model consider
heterogeneity, then analysis results to“identify potential impact of segmentation characteristics
and important variables.

To this end,the modelibased on-a large-scale guestionnaire survey on car owners of 22
cities/counties in Taiwan. Two toll collection scheme' scenarios: per-entry based and
distance-based, are surveyed. In per-entry based, there are four variable: purchase price of an
e-pass, tolls, achieve times for soll-station return purchase price and monthly rent. In
distance-based toll collection system, there are-also four varuable: purchase price of an e-pass,
discounted amount of ETC tall,.achieve distances returnpurchase price and operating fee. The
estimation results show that five and six-groups-of car owners under per-entry based and
distance-based toll collection system scenarios are optimally determined, respectively. Both
models consistently show that purchase price of an e-pass (i.e. the on board unit of ETC) and
discounted amount of ETC toll are identified as two most important factors affecting ETC
adoption.

In addition, it is also found that significant differences do exist among different groups.
Effective marketing strategies are then proposed for different groups under both toll collection
scenarios accordingly. In per-entry based collection system, segment 2, segment 4 and
segment 5 for the marketing object, and purchase price of an e-pass and tolls for OBU were as
marketing strategy. It effectively improved usage rate. In distace-based collection system,
focusing on segment 2, segment 4, segment 5 and segment 6, purchase price of a GPS-OBU
was as marketing strategy. However, it was limited.

Keywords: Electronic toll collection, discrete choice model, market segment, latent class
model.
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#5937 BER T EAEY

) #1 #2 #4 #5 # 6
R H % #ic t & % Hc tE % Hc =3 % #ic t & % Hc tE % Hc tE

T REILVEK

B se il 1.682 3.61*** -4.234 -7.32* 1106 1.17 -0.909 -1.99***  -4.659 -0.02 -0.820 -1.89*

e il 4 7 4 GPS st it -2.839 -2.61*** -6.083 -4.76%* 4733 4.26** -1739 -2.02* -1.134 0.00 -1.009 -1.18

A% % -4.329 -9.64*** -5560 -10.47*  0.581 0.59 0.913 203+ 2715 0.05 -2.987 -6.58***

P REE FHRE R i - A% - BRE - BRE - A% % -
(KR & S

ARedPpH>d g AR el ty 2291 12.901%%7°2.291 1291 _ "2.291012.91 2291 12.91** 2291 12.91=* 2291 12.91**

ik e L > e d 74 GPS HFan 2.450 #4.60%*—2:450  4.60*** 2450 4.60~* 2450 4.60** 2450 4.60%*  2.450 4.60**

2AMK T OB ed -0.4354,-1.68** | -0:435 #=1.68*  -0435 -1.68* -0.435 -1.68*  -0.435 -1.68*  -0.435 -1.68*

2AMBKR G RO RFFEE K -0.899 "-2.53%* -0.899 -2.53** -0.899 -253* -0.899 -2.53* -0.899 -2.53** -0.899 -2.53***

AERed By >ed o GPS Hin 1.074% 2,00~ “1.074 2.00%*  1.074 200+ 1.074 2.00~* 1074 2.00** 1.074 2.00**

AEHedPE> 2K F 1.485: 6,18~ 1485 6,18+ \ 1485/ 6:48** 1485 6.18* 1485 6.18** 1485 6.18*~
52 %%

R (RrEEg) -0.606 050 % “-2732 -1.72% " -4.081 =449+  -1.796 -2.18*** -3.186 0.00 -2.246 -3.76***

E g ATde (B3 H = 10%) -0.041 -2.74%% 0,009  0.49 0.036 1.72** 0051 521** -0.363 -0.01 0.089 8.43***

- EPRE AL AT R (R E g a2) 20101 -5.1304 0165 3.7/ | 0.208 4.22* -0.025 -1.01 -0.175 -0.03 -0.087 -2.94**

HREEER (RrE=:+2) -0.038 -4.75** -0.021 = -7.08~+ -0.012 -0.91 -0.016 -2.59***  0.005 0.29 -0.011 -2.36%*
ESTA S S 1.081 7.51** 1160 10.16** -0.698 -5.19***  0.367 2.63* -0.074 -0.46 3k -
AT b F 29.5% 31.9% 5.0% 14.4% 9.3% 10.0%
feackni & LL (p) -15560.48
pAp2) 0.46(0.40)
PeAs (X374 8) 20700 (6900)

T (L)*** P iE<0.01; **: P E<0.05; *:P E<0.1-

VAL RER 3 'l

CREEEDER R
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#2510 BB T A2y FETCR* R 75 #1%

R LA A1 EM2 FH3 ¥4 HEH5 FH6

CRETLNV K
B sel 48 (37.1%) 935% 4.1% 64% 153% 0.0% 57.9%
e i 5 4 GPS ¥4t it (7.5%) 11% 0.6% 87.4% 35% 0.0% 21.5%
A% % (22.8%) 24% 1.2% 42% 78.3% 99.4%  9.6%

TRSE S FHFEE B (32.6%) 3.0% 941% 20% 29% 0.6% 11.0%
FREAE S

ARelPpF>HF KK ed Lo L Lw  Fe  Iw Iw
ERed Py >ed Pt GPSH4 % Iw T  LE  Lw L%
AR EO>OBLed g i i o o g
AKX REFEE B o o o o o o
AFKKed BH>ed Pt GPSHH 2w I T L e 1w
ARK e PH> 2% = Lt ftw Ew v  Iw Iw
R S
REAS T X kk kK * x Ak
FALRIL 7 R T4 3 x ko Kk kKR
- NGB TR AR *h Nk x x x x kK
REH ITE Y * & * * & x * x *
EEBT 29.5%  31.9%, “5.0% 144% 9.3% 10.0%
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2O6-L3h = fed T AR A4 D b4 4

7P #HA 1 A8 2 #4483 A4 #E5 Bt
g 1734 1212 674 381 1859 5860
e B 29.6% 20.7% 11.5% 6.5% 31.7% 100.0%
- & 292 237 151 70 290 1040
o) 28.1% 22.8% 14.5% 6.7% 27.9% 100.0%
) 168 48 50 38 152 456
o) 36.8% 10.5% 11.0% 8.3% 33.3% 100.0%
e 171 99 62 39 203 574
B 29.8% 17.2% 10.8% 6.8% 35.4% 100.0%
B¢ OB 580 412 238 120 685 2035
- o) 28.5% 20.2% 11.7% 5.9% 33.7% 100.0%
% & 904 708 396 187 890 3085
o) 2913% 22.9% 12.8% 6.1% 28.8% 100.0%
AL 180 160 73 59 200 672
o) 26.8% 23.8% 10:9% 8.8% 29.8% 100.0%
# 1 23 22 6 8 19 78
B 29.5% 28.2% 7.7% 10.3% 24.4% 100.0%
% 20 & 36 11 6 6 25 84
o) 42.9% 13.1% 7.1% 7.1% 29.8% 100.0%
20~29 # 120 80 66 26 98 390
o) 30.8% 20.5% 16.9% 6.7% 25.1% 100.0%
30~39 367 246 161 95 353 1222
P o) 30.0% 20.1% 13.2% 7.8% 28.9% 100.0%
‘ 40~49 # 455 377 194 124 442 1592
B 28.6% 23.7% 12.2% 7.8% 27.8% 100.0%
50~59 # 708 491 280 127 726 2332
o) 30.4% 21.1% 12.0% 5.4% 31.1% 100.0%
60 & 14 b 340 244 118 73 505 1280
o) 26.6% 19.1% 9.2% 5.7% 39.5% 100.0%
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F6-13H=00e TR AT R 61 A ()

5 Hap 1 HAL 2 HAL 3 Hat 4 HAL 5 B
*ih 2§ 380 216 134 89 525 1344
b 28.3% 16.1% 10.0% 6.6% 39.1% 100.0%
2~% % 4§ 564 414 254 137 629 1998
) 28.2% 20.7% 12.7% 6.9% 31.5% 100.0%
A~1%6F 634 433 250 127 556 2000
) 3L.7% 21.7% 12.5% 6.4% 27.8% 100.0%
PP 6~ %% 8 7 261 232 126 62 280 961
b 27.2% 24.1% 13.1% 6.5% 29.1% 100.0%
8~ s 10 4 116 89 31 26 103 365
) 31:8% 24.4% 8.5% 7.1% 28.2% 100.0%
10~ A% 12§ 57 51 26 8 46 188
b 30:8% 27.1% 13.8% 4.3% 24.5% 100.0%
12 3 14t 14 14 4 2 10 44
b 31.8% 31.8% 9:1% 4.5% 22.7% 100.0%
EEE 421 295 148 83 394 1341
b 31.4% 22.0% 11.0% 6.2% 29.4% 100.0%
1 443 281 171 108 470 1478
) 30.3% 19.0% 11.6% 7.3% 31.8% 100.0%
5 PRI 814 615 371 164 779 2743
) 29.7% 22.4% 13.5% 6.0% 28.4% 100.0%
S B Hid e 83 49 38 22 107 299
o ) 27.8% 16.4% 12.7% 7.4% 35.8% 100.0%
g2 0 1 0 0 1 2
b 0% 50.0% 0% 0% 50.0% 100.0%
# 255 206 o7 74 396 1028
b 24.8% 20.0% 9.4% 7.2% 38.5% 100.0%
g 5 2 0 0 2 9
b 55.6% 22.2% 0% 0% 22.2% 100.0%
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F6-13H=00e TR AT R 61 A ()

78 P #481 #4802 #4 3 A4 #HH5 st
EELF 548 340 188 113 550 1739
o 31.5% 19.6% 10.8% 6.5% 31.6% 100.0%
B 478 364 180 86 417 1525
) 31.3% 23.9% 11.8% 5.6% 27.3% 100.0%
S 2 A 845 592 379 196 902 2914
P G 29.0% 20.3% 13.0% 6.7% 31.0% 100.0%
g4 12 9 10 3 18 52
o 23.1% 17.3% 19.2% 5.8% 34.6% 100.0%
Fu 143 144 68 53 262 670
) 21.3% 21:5% 10.1% 7.9% 39.1% 100.0%
0 i 35 18 7 6 23 89
o 39.3% 20.2% 7.9% 6.7% 25.8% 100.0%
1 4% 840 635 845 202 995 3017
o] 27:8% 21.0% 11.4% 6.7% 33.0% 100.0%
2 i 764 562 326 158 777 2587
- G 29.5% 21.7% 12.6% 6.1% 30.0% 100.0%
ft e (49) 3 1% 266 163 111 68 258 871
o 30.5% 19.3% 12.7% 7.8% 29.6% 100.0%
4 ¥ 108 59 32 14 82 295
o 36.6% 20.0% 10.8% 4.7% 27.8% 100.0%
5§ ¢ 13 7 4 3 14 41
o 31.7% 17.1% 9.8% 7.3% 34.1% 100.0%
100 ™ 1469 1020 602 332 1601 5024
o] 29.2% 20.3% 12.0% 6.6% 31.9% 100.0%
w5 ER 101-200 370 295 154 83 370 1272
> 1) o] 29.1% 23.2% 12.1% 6.5% 29.1% 100.0%
201 12 187 134 69 36 178 604
o 31.0% 22.2% 11.4% 6.0% 29.5% 100.0%
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F6-13H=00e TR AT R 61 A ()

i1 2 A3 Hi4 A5 et
FESER. 18 11 4 4 47 84
o) 21.4% 13.1% 4.8% 4.8% 56.0% 100.0%
%3 3 =% 769 620 305 204 1082 2980
B 25.8% 20.8% 10.2% 6.8% 36.3% 100.0%
4~7 =x 567 399 249 121 544 1880
PR o 30.2% 21.2% 13.2% 6.4% 28.9% 100.0%
8~19 =x 323 219 130 73 228 973
o) 33.2% 22.5% 13.4% 7.5% 23.4% 100.0%
20~29 =x 214 119 82 28 156 599
B 35.7% 19.9% 13.7% 4.7% 26.0% 100.0%
30 =% z ¢ 135 81 55 21 92 384
i) 35.2% 21.1% 14.3% 5.5% 24.0% 100.0%
3 k1t 1578 1113 657 351 1719 5418
B 29.1% 20:5% 12.1% 6.5% 31.7% 100.0%
) 4-7 = 392 287 148 87 367 1281

HERLE SN

o) 30.6% 224% 11.6% 6.8% 28.6% 100.0%
8 k1t b 56 49 20 13 63 201
i) 27.9% 24.4% 10.0% 6.5% 31.3% 100.0%
PR % 575 159 121 57 247 1159
ETC %% & % oG 49.6% 13.7% 10.4% 4.9% 21.3% 100.0%
wxx A& 1451 1290 704 394 1902 5741
o) 25.3% 22.5% 12.3% 6.9% 33.1% 100.0%

ol RRx P <001 ;

** P iE<0.05;*:PiE<0l-
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F 6-23 A T I REANTE LR
SH LA F &t 2 R S BE
Z ) *kKk 1_)5(') 3_’5(')
Ed 12.08 2-5() 4-5()
1-2(-)
W AR 12.76%** 2—5(+)
3—4(+)
1-2(-) 2—5(+)
a 13.84*** 1-5(+) 3—-5(+)
2—4(+)
1—-2(+) 2—5(+)
AE 5 20.12%** 1—4(+) 3—-5(+)
1—5(+)
P P i 211
wRER 1.20
B #b =% B 1.25
sx: *** 0P E<0.0L; **: P £<0,05: %P (5<0.1 ¢
# 6-3 3 =} T RRGEERL L ame L L
% ¥ HEY | #R2 | M3 | WEwd | 5 B
P 48,38 48.75 4751 AT43 50.21 48.86
‘ (12.06)| (11.48)| (1191 (11.88) (11.99)] (11.93)
TR 13.69 14.38 13.94 13.87 13.60 13.85
P (3/55) (3.13) (3.29) (3.72) (3.45) (3.43)
som 4140 4.69 4.42 4:25 4.06 4.35
" (2.58) (2.63) (2.48) (2.49) (2.56) (2.58)
5 9.38 8.41 9.31 7.78 7.15 8.37
R (9.22) (8.70) (9.10) (8.15) (8.20) (8.77)
C B e 1.82 1.75 1.80 1.77 1.74 1.78
e TEg (1.01) (0.89) (0.88) (0.94) (0.94) (0.94)
e E R 78.88 81.36 77.00 77.76 75.85 78.16
- (77.23)| (78.66)| (75.24)] (75.78)] (76.49)| (76.98)
et 2.06 2.14 2.01 2.04 1.99 2.05
&2 g (2.07) (2.12) (2.04) (2.05) (2.04) (2.07)

EOR AR
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3.3 18 3 1 GPS-e i 5 ihia ¥

T PRI G RAAKAREE R el RS 0 AR
e B2 o Bt EAEY B SO AR 18 2 0 S AR AR T A T 0
AR
44 2 AR BEFE- -

HES R » TR T2 RE FE P RERE A > A H L FRA7I02 IR
HEES o g ME 42 B hEds @ P35 RUFH T lIcs o @ 57 42
B R TEAREAER T IOEF o
5345 > MR BEFH - o

iz i }’}”55'29‘37» L ARAFNRPZ - FHoH R B Lo

3
*
o

HOMHE A RTARR A SAPHA R R T HIP R R
6.3 4 61 KBS -

HArg Bz B BRREy s AP U F i PR S H Y 3K
EFRRTERGRE L BRI AR TE RS FRERTISLE N

EH AR L PR LS HTEE R M

68



A B4 PARfC R T AR A THAR A 4

TP 1 AR 2 GRS A4 HH5 6 At
7 1912 1898 288 1190 131 441 5860
e B 32.6% 32.4% 4.9% 20.3% 2.2% 7.5% 100.0%
N * 325 321 55 212 23 104 1040
LG 31.3% 30.9% 5.3% 20.4% 2.2% 10.0% 100.0%
B 197 150 22 58 4 25 456
b 43.2% 32.9% 4.8% 12.7% 9% 5.5% 100.0%
& 202 213 23 91 7 38 574
G 35.2% 37.1% 4:0% 15.9% 1.2% 6.6% 100.0%
B 7 OB 623 749 104 379 44 136 2035
So 4R b 30.6% 36.8% 9:1% 18.6% 2.2% 6.7% 100.0%
< & 989 920 143 701 70 262 3085
B 32.1% 29.8% 4.6% 22.71% 2.3% 8.5% 100.0%
L 198 168 46 153 26 81 672
b 29.5% 25.0% 6.8% 22.8% 3.9% 12.1% 100.0%
# 4 28 19 5 20 3 3 78
B 35.9% 24.4% 6.4% 25.6% 3.8% 3.8% 100.0%
A% 20 A& 42 26 2 8 2 4 84
G 50.0% 31.0% 2.4% 9.5% 2.4% 4.8% 100.0%
20~29 #& 135 92 25 75 8 55 390
b 34.6% 23.6% 6.4% 19.2% 2.1% 14.1% 100.0%
30~39 & 398 318 81 261 40 124 1222
P G 32.6% 26.0% 6.6% 21.4% 3.3% 10.1% 100.0%
‘ 40~49 # 479 476 84 383 35 135 1592
LG 30.1% 29.9% 5.3% 24.1% 2.2% 8.5% 100.0%
50~59 # 786 768 101 455 53 169 2332
B 33.7% 32.9% 4.3% 19.5% 2.3% 7.2% 100.0%
60 #kre t 397 539 50 220 16 58 1280
LG 31.0% 42.1% 3.9% 17.2% 1.3% 4.5% 100.0%
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F 6-4 3240 F T AR AT A B4 19 ()

P A1 FA 2 FA 3 A4 A5 FH 6 B3t
hih 2 481 517 47 206 17 76 1344
| 35.8% 38.5% 3.5% 15.3% 1.3% 5.7% 100.0%
2~1 %4 624 668 101 397 35 173 1998
| 31.2% 33.4% 5.1% 19.9% 1.8% 8.7% 100.0%
A~% % 6§ 642 592 104 440 51 171 2000
G 32.1% 29.6% 5.2% 22.0% 2.6% 8.6% 100.0%
P 6~ A% 8 283 286 59 220 28 85 961
G 29.4% 29.8% 6:1% 22.9% 2.9% 8.8% 100.0%
8~ 4% 10 § 126 99 21 80 11 28 365
G 34.5% 27.1% 5.8% 21.9% 3.0% 7.7% 100.0%
10~ A% 12§ 65 47 9 48 9 10 188
| 34.6% 25.0% 4.8% 25.5% 4.8% 5.3% 100.0%
12 § et 16 10 2 11 3 2 44
| 36.4% 22.7% 4,5% 25.0% 6.8% 4.5% 100.0%
S 452 394 76 272 37 110 1341
| 33.7% 29/4% 5:7% 20.3% 2.8% 8.2% 100.0%
1 498 461 79 279 33 128 1478
G 33.7% 31.2% 5.3% 18.9% 2.2% 8.7% 100.0%
7 IPRA% 884 814 142 606 66 231 2743
G 32.2% 29.7% 5.2% 22.1% 2.4% 8.4% 100.0%
B, Hw B ik 4 84 118 9 57 4 27 299
P G 28.1% 39.5% 3.0% 19.1% 1.3% 9.0% 100.0%
g4 0 1 0 0 0 1 2
I 0.0% 50.0% 0.0% 0.0% 0.0% 50.0% 100.0%
& 315 429 37 186 14 47 1028
b 30.6% 41.7% 3.6% 18.1% 1.4% 4.6% 100.0%
# 4 2 0 2 0 1 9
| 44.4% 22.2% 0.0% 22.2% 0.0% 11.1% 100.0%
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F 6-4 3240 F T AR AT A B4 19 ()

g P A1 AY 2 AY 3 Y 4 #HE5 AH 6 Bt
EEpF A 619 609 77 315 27 92 1739
o 35.6% 35.0% 4.4% 18.1% 1.6% 5.3% 100.0%
iF 509 404 93 335 52 132 1525
oG 33.4% 26.5% 6.1% 22.0% 3.4% 8.7% 100.0%
- 2 & 927 890 145 608 61 283 2914
F= W) 31.8% 30.5% 5.0% 20.9% 2.1% 9.7% 100.0%
g4 16 14 2 14 0 6 52
e 30.8% 26.9% 3:8% 26.9% 0% 11.5% 100.0%
&% 166 302 26 130 14 32 670
W) 24.8% 45.1% 3.9% 19.4% 2.1% 4.8% 100.0%
0 i 45 24 4 10 4 2 89
o 50.6% 27.0% 4.5% 11.2% 4.5% 2.2% 100.0%
14w 942 1048 129 616 56 226 3017
W) 31.2% 34.7% 4.3% 20.4% 1.9% 7.5% 100.0%
2 i 831 764 145 551 66 230 2587
T B gmiEy oGy 32.1% 29/5% 5.6% 21.3% 2.6% 8.9% 100.0%
e (4p) ** 3 im 298 273 47 169 21 63 871
e 34.2% 31.3% 5.4% 19.4% 2.4% 7.2% 100.0%
4 % 108 94 16 48 7 22 295
W) 36.6% 31.9% 5.4% 16.3% 2.4% 7.5% 100.0%
5 s b 13 16 2 8 0 2 41
e 31.7% 39.0% 4.9% 19.5% 0% 4.9% 100.0%
100 ™1 ¥ 1627 1630 239 1020 96 412 5024
W 32.4% 32.4% 4.8% 20.3% 1.9% 8.2% 100.0%
s £ R REE 101-200 402 410 65 264 35 96 1272
Au) o) 31.6% 32.2% 5.1% 20.8% 2.8% 7.5% 100.0%
201 12} 208 179 39 118 23 37 604
W) 34.4% 29.6% 6.5% 19.5% 3.8% 6.1% 100.0%
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364 PALICE T LR A A 614 15 (H)

TP 1 2 A3 A4 W5 6 At
JE A 1 * i 23 47 4 8 0 2 84
B 27.4% 56.0% 4.8% 9.5% 0% 2.4% 100.0%
L3 3 =x 863 1131 144 610 38 194 2980
LG 29.0% 38.0% 4.8% 20.5% 1.3% 6.5% 100.0%
4~T =& 651 513 94 388 52 182 1880
S g g b 34.6% 27.3% 5.0% 20.6% 2.8% 9.7% 100.0%
8~19 = 314 279 49 209 30 92 973
G 32.3% 28.71% 5:0% 21.5% 3.1% 9.5% 100.0%
20~29 =x 243 129 28 124 22 53 599
b 40.6% 21.5% 4.7% 20.7% 3.7% 8.8% 100.0%
30 =% z ¢ 143 120 24 63 12 22 384
B 37.2% 31.3% 6.3% 16.4% 3.1% 5.7% 100.0%
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2727 L AR 207 AR e BERHPB (s * 1000 ~)
@R # 1 ¥ 2 #3 # 4 #5
40 ~ 81.3% 3.8% 3.9% 0.3% 13.7%
38 ~ 84.9% 6.4% 6.0% 0.4% 15.8%
36 ~ 88.0% 10.5% 9.1% 0.5% 17.9%
34~ 90.5% 16.4% 13.6% 0.6% 20.1%
32~ 92.5% 24.4% 19.6% 0.8% 22.5%
%728 Py 2y AR e ERPB (Y 800 1)
@R # 1 ¥ 2 #3 # 4 #5
40 ~ 81.6% 9.7% 7.0% 0.8% 16.3%
38 ~ 85.2% 15.2% 10.6% 1.1% 18.3%
36 ~ 88.2% 22.8% 15.6% 1.4% 20.5%
34 = 90.7% 32.7% 22.3% 1.8% 23.1%
32 = 92.7% 44.9% 30.7% 2.3% 26.5%
2729 2 7R 2 HPAR U B ER B F(EB T * 600 =)
d g # 1 2 #3 #4 #5
40 ~ 81.9% 21.4% 12.3% 2.3% 18.8%
38 ~ 85.4% 30:9% 17.9% 2.9% 21.0%
36 ~ 88.4% 42.7% 25.2% 3.7% 23.7%
34 = 90.8% 56.0% 34.2% 4.6% 27.3%
32 = 92.8% 69.0% 44[7% 5.6% 32.1%
% 7-30 & FR I AR e BER S A (P T 7 400 &)
qEg #d #2 # 3 4 #5
40 = 82.2% 40.5% 20.4% 5.6% 21.5%
38 = 85.7% 53.7% 28.3% 6.8% 24.4%
36 ~ 88.6% 66.9% 37.9% 8.0% 28.2%
34~ 91.0% 78.2% 48.7% 9.3% 33.3%
32 A 92.9% 86.6% 59.9% 10.6% 40.1%
%731 Py 2y AR e S ERPB (Y 200 1)
@R # 1 ¥ 2 #3 4 #5
40 = 82.5% 64.7% 31.7% 10.6% 25.1%
38 = 86.0% 76.4% 41.9% 11.8% 29.1%
36 ~ 88.8% 85.3% 52.9% 13.0% 34.6%
34~ 91.2% 91.3% 63.8% 14.1% 41.8%
32 A 93.1% 95.1% 73.7% 15.1% 50.6%
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2732 Ay AR e B EHPIEPF T O

Wiy #1 2 3 ¥4 #5
40 =~ 82.8% 84.0% 45.9% 15.1% 30.1%
38 ~ 86.2% 90.5% 57.0% 16.0% 35.9%
36 ~ 89.0% 94.6% 67.7% 16.8% 43.5%
34 ~ 91.4% 96.9% 76.9% 17.6% 52.5%
32 ~ 93.2% 98.3% 84.1% 18.3% 62.3%
4 7-33 L4 s Rk IR K

40 ~ 38 ~ 36 ~ 34 ~ 32 =~
1000 =~ 39.8% 41.9% 44.1% 46.8% 49.9%
800 ~ 42.0% 44.7% 47.8% 51.6% 56.0%
600 ~ 45.5% 49.2% 53.5% 58.4% 63.6%
400 ~ 50.9% 55.6% 60.7% 65.9% 70.9%
200 ~ 57.7% 62.8% 67.7% 72.4% 76.9%
0=~ 64.4% 69.1% 73:6% 77.9% 82.0%
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S
C, :Z:QS X F><12><T><2><(4O—Pp +34) > s=1,...,S

(7-4)
s=1
C B ks df
SEEEN AR
T i k= i
Pl 7 f %
% 7-34 £ K4 E
40 ~ 38 ~ 36 ~ 34 = 32 =
1000 =~  2,288,280,961 2,496,006,962 2,727,142,901 2,996,843,178 3,321,699,808
800 =~  2,229,047,403 2,474,993,739 2,760,981,993 3,100,518,413 3,501,713,864
600 =~  2,226,160,229 2,521,470,356 2,864,070,347 3,249,127,801 3,655,179,311
400 =~ 2,269,551,977 2,595,883,590 2,939,092,672 3,276,989,147 3,594,216,859
200 =~  2,276,231,689 2,557,284,833. .2,820;158,208 3,060,906,209 3,279,421,038
0=~ 2,104,579,978 2,296,963,978 2,471,309,394 2,628,434,983 2,766,835,205
o (L)# o F =5 4 BT ) IR I2xde b sbx2( R w ) x84 (el B RG-S A) XK 4 K
(E = =~ o
% 1-35 FE ke TR RICGL AT o e in)
40 ~ 38 ~ 36 = 34 = 32 =
1000 ~ 1,884,878,075 .3,262,881,102 < 4,882,379,087/ /.6,811,574,547  9,151,304,075
800 2,062,330,004 3,636,097,928  5,557,525,961 , 7,926,144,839 10,853,739,653
600 2,353,661,765 4,234,508,585  6,592,123,254  9,501,202,092 12,965,855,634
400 2,802,907,817 5,093,859,842-7,908,514,371 11,211,905,205 14,934,025,828
200 3,383,377,724  6,044,864,495 © '9,154,184,813 12,657,734,472 16,505,813,015
0 3,937,555,438 6,851,560,037 10,156,172,744 13,811,078,974 17,753,843,589
o (L) RS = 4 Box T 0O FxA2x 0T B sbx2(k v ) x(40-E 7 %)
QFE = : =~ o
% 7-36 3% 935 )
40 ~ 38 ~ 36 ~ 34 ~ 32~
1000 ~ 403,402,886  -766,874,140 -2,155,236,187 -3,814,731,369  -5,829,604,267
800 ~ 166,717,399 -1,161,104,189 -2,796,543,968 -4,825,626,426 -7,352,025,789
600 ~  -127,501,536 -1,713,038,229 -3,728,052,907 -6,252,074,292  -9,310,676,323
400 ~  -533,355,840 -2,497,976,252 -4,969,421,699 -7,934,916,058 -11,339,808,968
200 ~  -1,107,146,034 -3,487,579,662 -6,334,026,605 -9,596,828,263 -13,226,391,977
(I -1,832,975,459 -4,554,596,059  -7,684,863,350 -11,182,643,992 -14,987,008,384
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- BREEEF Y 600 0 TR 2 A F EEeE S o

S
B, =D Q,xFx12xTx2x34xD-(P-C)xQ, * s=1,..,S (7-5)
s=1

B Hi 4v 2z & T F

Q. T M s2 K d #ic
F:&® 2 &% apks

T i sk i
Pie i # i}
Ciedd = 4

D :d 7 3 474

SRS T 1 iR AR PHREER 347 3 LT P A4 (D) £ K e F R A

W4 2R RS A > TR el SR Il (F 7-39). R e 1R - -

S
C. =Y Q xFx12%XT x2x (40~ Py +84xD) » $=31.7, S

s=1
C,: FCRrAs AT
F:i& b @ % Agn
Tk i
P i

D :4d i3 § 474

(7-6)

% 7-37 %K o F

40 ~

38 ~

36 ~

34 ~

32 ~

1000 ~
800 ~
600 ~
400 ~
200 ~
0~

2,288,280,961
2,229,047,403
2,226,160,229
2,269,551,977
2,276,231,689
2,104,579,978

2,393,286,631
2,360,523,990
2,388,161,752
2,435,521,336
2,366,983,543
2,081,266,717

2,502,817,375
2,505,636,205
2,561,189,008
2,575,728,498
2,399,560,528
2,004,674,430

2,627,279,027
2,670,482,895
2,733,637,049
2,668,683,652
2,374,156,785
1,879,110,485

2,775,832,547
2,854,297,815
2,881,777,396
2,703,415,319
2,294,863,770
1,707,834,009
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4 7-38 FORRL 7 3 ASAEIERIGE 7 4 % R 1CER)

40 ~ 38 ~ 36 ~ 34 ~ 32 ~
1000 ~  1,884,878,075 3,160,160,771 4,658,053,562 6,442,010,396 8,605,436,814
800 ~ 2,062,330,004 3,521,628,179 5,302,180,173 7,496,109,321  10,206,323,604
600 ~ 2,353,661,765 4,101,199,982  6,289,241,916 8,985,711,340 12,192,453,719
400 ~ 2,802,907,817 4,933,497,587  7,545,150,197 10,603,599,710 14,043,224,287
200 ~ 3,383,377,724  5,854,563,205 8,733,587,133  11,970,985,049 15,521,255,747
0~ 3,937,555,438 6,635,862,776  9,689,537,780 13,061,754,477 16,694,842,393

(1) E RS = A BixE VO x0T § sbx2( Rk w ) X(40-3 (7 F)
QE i=: =~ -
# 7-39 S AI5E R

40 ~ 38 ~ 36 ~ 34 ~ 32 ~
1000 ~ 403,402,886 -766,874,140  -2,155,236,187 -3,814,731,369 -5,829,604,267
800 ~ 166,717,399 -1,161,104,189 -2,796,543,968 -4,825,626,426 -7,352,025,789
600 ~ -127,501,536  -1,713,038;229 . .-3,728,052,907 -6,252,074,292  -9,310,676,323
400 ~ -533,355,840 -2,497,976,252 -4,969,421,699 -7,934,916,058 -11,339,808,968
200 ~  -1,107,146,034 -3,487,579,662  -6,334,026,605 ., -9,596,828,263 -13,226,391,977
0~ -1,832,975,459 -4,554,596,059 .-7,684,863,350 -11,182,643,992 -14,987,008,384
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S
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s=1
B, 3 4r 2 £ T F
Qi % If S 2 Aisdde
SRR AR
L %=X fE3E
P:GPS-e i % %ij
C :GPS-e i = &
% 7-40 LpEs3 % 2 GPS-exd EH S
MR #1 ¥ 2 ¥#3 ¥4 #5 ¥ 6 T2
6000 ~ 2.3% 0.4% 71.4% 2.8% 0.9% 16.1% 6.4%
4800 ~ 2.5% 0.5% 80.2% 3.4% 1.2% 20.1% 7.5%
3600 ~ 2.7% 0.7% 86.8% 4.1% 1.8% 24.8% 8.6%
2400 ~ 2.9% 1.0% 91.5% 5.0% 2.5% 30.1% 9.7%
1200 ~ 3.1% 1.4% 94.6% 6.1% 3.6% 36.1% 10.9%
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F07-41 B MEBS R Y R TERIL E S
B8 6000 ~ 4800 ~ 3600 ~ 2400 ~ 1200 ~ 0~
B8 - 48.0% 48.6% 49.1% 49.7% 50.3% 50.9%
3= 56.3% 56.8% 57.2% 57.7% 58.2% 58.7%
8= 68.0% 68.3% 68.6% 69.0% 69.3% 69.7%
PR I =R A2 fRlct o 2 IR/ 2 §R#Ex100%
% T-42 ¥ F T 5 R
B3k 8 6000 ~ 4800 ~ 3600 ~ 2400 ~ 1200 ~ 0~
e 489,119,351 296,128,220 28,200,976 -317,630,874 -748,282,325 -1,268,683,039
g W 411,284,807 249,004,742 23,713,298 -267,085,635 -629,206,657 -1,066,794,960
s 301,608,859 182,603,477 17,389,752 -195,862,799 -461,418,215 -782,316,304
(D) E T E =K A BiexF I S x1I2xEEREX2( % ¥ )x0.0354 /i B 8
QE i=: =~ -
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