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Abstract

The make-to-order production model is widely adopted by the TFT-LCD
manufacturers.  Although the preliminarily estimated number of orders can be
obtained one month earlier than the delivery date, TFT-LCD manufacturers require
the precise number of orders, which in most cases could not be reached until 7 days
prior to delivery, to arrange production and transportation activities to meet the
demand of the customers. The main drawback of this current practice for TFT-LCD
manufactures is that insufficiencies of lead time to plan production and transportation
have caused inefficiency in logistics performance, i.e. inadequate inventory or higher
transportation costs.

This study attempts to solve the aforementioned problems by employing an
integer mathematical programming model to better schedule production and
transportation activities on the basis of the estimated number of orders, coupled with a
rolling-over approach to tackle the problem that in reality customers submit their
finally determined orders in a short lead time.

Utilizing the investigated information from one large TFT-LCD manufacturer in
Taiwan as the input data for parameters and TFT-LCD demand patterns of the model,
and employing LINGO 8.0 as the solving software for the model, a number of
empirical studies based on four scenarios have been performed. The results showed
that the total costs (including production and transportation) were minimized by
delivering 70-90% of TFT-LCDs by sea and the rest by air, rather than entirely by sea.
In respect of TFT-LCDs transported by sea during low ordering season, the products
were firstly offered to the destinations where the frequency of voyages was lower,
secondly assigned to those where the difference of costs between air transportation
and sea transportation (thereafter transportation cost difference) was greater, and
finally provided to the locations where more frequent voyages and flights were
available and where transportation cost difference was lesser. However, during peak
season, the first priority was to provide products to those locations where
transportation cost difference was greater, and the next to deliver products to
destinations where voyages were fewer. The same results could be obtained in

situations where the final order number was relatively greater than that of the

il



preliminary estimation, with a need for TFT-LCD manufactures to reserve a higher
level of inventory and to transport more products by sea to destinations where
transportation cost difference was greater.

Keyword : TFT-LCD, Logistics, Rolling-over approach, Mathematical programming.
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1 2 3 4 5 6 7 8 9 10 B
WAl R 7393 7489 7718 7496 7632 7510 7608 7576 7538 7517 7547.7
R 7393 7545 7718 7496 7632 7510 7608 7580 7576 7517 7557.5
TimEp 4 g RO 211.23 213.97 220.51 214.17 218.06 214.57 217.37 216.46 215.37 214.77 215.6
TR p G pR° 554.43 632.26 633.63 611.46 618.66 635.29 604.09 639.77 656.46 616.74 620.3
EEE R 295.72 301.80 308.72 299.84 305.28 300.40 304.32 303.20 303.04 300.68 302.3
3 EEfE° 0 56 0 0 0 0 0 4 38 0 9.8
PERS SIS 22 22 23 21 22 21 23 24 21 21 22
3539 HHR B @] 1753 1811 1951 1831 1838 1904 1848 1915 1896 1816 1856.3
Wz R RO 7393 7545 7718 7496 7607 7494 7608 7574 7556 7508 7549.9
FEA T KPR RO 2665 2764 2700 2707 2780 2692 2819 2773 2721 2708 2732.9
78 B (i+])-% B 721 657 656 800 622 808 656 503 682 468 657.3
28 B (142)-% B 133 266 285 62 266 0 220 413 227 344 221.6
AER-A BT 1811 1841 1759 1845 1892 1884 1943 1857 1812 1896 1854.0
Bir YN 77 78 75 78 80 80 84 79 77 81 78.9
W R R 854 923 941 862 888 808 876 916 909 812 878.9
TR 4 E LB -4 B 307 266 240 242 277 252 237 274 237 254 258.6
PR T f R AT 2554 2610 2680 2602 2638 2611 2591 2626 2610 2643 2616.5
2B R (i) 40 127 133 153 125 145 0 147 157 0 136 1123
28 B (142)- b 4 ° 0 12 0 0 0 129 0 0 140 0 28.1
AIER- b A° 2427 2465 2527 2477 2493 2482 2444 2469 2470 2507 2476.1
bR s° 102 105 107 104 105 105 103 105 104 106 104.6
BEER- AT 127 145 153 125 145 129 147 157 140 136 140.4
e e N 186 246 250 224 253 251 244 244 226 233 235.7
Fuag E-t p° 2174 2171 2338 2187 2189 2191 2198 2175 2225 2157 2200.5
2 (i+1)-§ 8° 80 116 236 85 126 90 122 125 171 114 126.5
2R (1+2)-§ 8° 60 38 40 76 27 88 41 22 54 29 475
AEE-§ A° 2034 2017 2062 2026 2061 2029 2035 2034 2020 2023 2034.1
fiEcE-§ 5° 86 85 88 85 86 85 86 87 85 86 85.9
BrEE-§ B° 140 154 276 161 153 178 163 147 225 143 174.0
TR e F F B8 5" 158 190 202 203 185 202 186 200 219 192 193.7
BAEE-Z B AR 6272 6323 6348 6348 6446 6395 6422 6360 6302 6426 6364.2
REEE-Z B ey’ 1121 1222 1370 1148 1186 1115 1186 1220 1274 1091 11933
TE R AT 3.77 3.76 3.71 3.75 3.82 3.80 3.84 3.83 3.75 3.93 3.8
B L 4.80 478 4,77 481 478 485 4.77 476 4.84 479 43
T i:@@,}psﬁ* § p* 477 473 454 474 474 472 4.72 474 4.62 475 4.7
EREE Y 67.95 66.61 65.15 68.16 68.06 69.99 68.93 66.97 66.59 70.01 67.8
AR R L K -;a% 95.03 94 44 94.29 95.20 94.50 95.06 9433 94.02 94.64 94.85 94.6
AIER T L Eg AT 93.56 92.91 88.20 92.64 93.09 91.93 92.58 93.26 89.98 93.40 922
mEAA-f B 50386 54457 55519 50858 52392 47672 51684 54044 53631 47908 | 51855.1
AL A-H RS 10780 10920 10500 10920 11200 11200 11760 11060 10780 11340 11046.0
ToE S Ao b 22.95 23.65 24.45 22.82 22.87 21.87 22.51 23.48 23.67 21.88 23.0
R 17780 20300 21420 17500 20300 18060 20580 21980 19600 19040 19656.0
AAEA AL RS 17340 17850 18190 17680 17850 17850 17510 17850 17680 18020 17782.0
TE S A S 13.75 14.62 14.78 13.52 14.46 13.75 14.70 15.17 14.28 14.02 143
WA A-§ A° 9940 10934 19596 11431 10863 12638 11573 10437 15975 10153 12354.0
AEA A 50 17200 17000 17600 17000 17200 17000 17200 17400 17000 17200 17180.0
T y;u@, A Ao Bt 12.48 12.87 15.91 13.00 12.68 13.43 13.09 12.76 14.69 12.63 13.4
BT & A 123426 | 131461 | 142825 | 125389 | 129805 | 124420 | 130307 | 132771 134666 | 123661 | 129873.
Loy S A 16.69 17.42 18.51 16.73 17.01 16.57 17.13 17.52 17.78 16.45 17.2
I EEFES A 0 302400 0 0 0 0 0 21600 205200 0 52920.0
E 38810 44258 44354 42802 43306 44470 42286 44784 45952 43172 | 43419.4
Bl A 266148 | 2696040 | 277848 | 269856 | 274752 | 270360 | 273888 | 2727360 | 2713680 | 270612 | 2717172
o A 267770 | 2743851 | 279720 | 271538 | 276483 27205 275614 | 2747275 | 2752261 | 272280 | 2739793
Tind RS 3621.94 | 3636.65 | 3624.25 | 3622.44 | 3622.68 | 362249 | 3622.69 | 362437 | 3632.87 | 3622.19 | 3625.26
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s x | 250/13 | 250/13 | 500/16 | 1500/25

% - i 50/8 | 250/13 | 500/16 | 1500/25 | 250/13

%= ir 50/8 | 500/16 | 1500/25 | 250/13 | 250/13
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1 2 3 4 5 6 7 8 9 10 T
HEEEC 7773 7900 8010 7912 8071 8016 8047 7984 7912 8023 7964.8
Al e 7893 8184 8474 8191 8259 8171 8278 8208 8250 8221 8212.9
Tiagp 4 g e 222.09 225.71 228.86 226.06 230.60 229.03 22991 228.11 226.06 229.23 227.6
Tiakp g pE° 541.63 628.34 616.37 612.09 621.69 625.31 595.51 637.94 652.71 615.66 614.7
Tk p g [ Re° 315.72 327.36 338.96 327.64 330.36 326.84 331.12 328.32 330.00 328.84 328.5
IR 120 284 464 279 188 155 231 224 338 198 248.1
PERS SIS 24 27 26 25 26 25 28 28 27 27 26.3
359 FREHLE 1697 1811 1893 1826 1844 1860 1810 1914 1896 1810 1836.1
a7 g 7893 8184 8474 8191 8259 8171 8278 8208 8250 8221 8212.9
Frrag kE-48° 2837 2984 2971 2987 3024 2950 3049 3017 2981 2930 2973.0
%R (1+1)-4 #° 1074 1121 1003 1056 1225 926 1186 1017 1048 782 1043.8
% E R (1+2)-4 #° 0 136 317 236 0 247 0 230 197 386 174.9
AiEE-A BT 1763 1727 1651 1695 1799 1777 1863 1770 1736 1762 1754.3
b EE-48° 75 74 70 72 76 75 80 75 74 75 74.6
BEER-4 B 1074 1257 1320 1292 1225 1173 1186 1247 1245 1168 1218.7
TR s g -4 357 486 453 522 521 509 477 518 496 477 481.6
FERE RE- AT 2726 2815 2959 2852 2830 2864 2798 2833 2880 2890 2844.7
% E B (i+])-+ 4° 239 6 297 9 270 0 145 107 3 276 135.2
3B (142)- ¢ 4° 0 266 0 296 0 285 121 165 307 0 144.0
AER-L AT 2487 2543 2662 2547 2560 2579 2532 2561 2570 2614 2565.5
it S TN 104 107 112 107 107 109 109 109 109 110 108.3
BEEE-F AT 239 272 297 305 270 285 266 272 310 276 279.2
I RS S 368 451 529 474 435 480 452 461 486 479 461.5
FHEAT RE-§ B° 2330 2385 2544 2352 2405 2357 2431 2358 2389 2401 2395.2
2 EE(i+1)-§ 5° 278 293 416 286 289 272 279 127 279 318 283.7
3R (142)-§ 5° 39 72 73 29 55 56 113 185 103 62 78.7
AEE-L B° 2013 2020 2055 2037 2061 2029 2039 2046 2007 2021 2032.8
pREE-L 5° 85 85 87 86 86 85 87 87 84 85 85.7
BRETFE-§ BT 317 365 489 315 344 328 392 312 382 380 362.4
TR 43 R E-§ B° 316 404 408 368 401 368 390 383 382 435 385.5
BAER-Z B A 6263 6290 6368 6279 6420 6385 6434 6377 6313 6397 6352.6
BEER-Z B " 1630 1894 2106 1912 1839 1786 1844 1831 1937 1824 1860.3
TIOERGER-4 8T 3.49 3.36 3.33 3.35 3.38 3.49 3.44 3.42 3.40 3.54 3.4
T iiﬂié’ﬁ%if-% F-ta* 4.65 4.71 4.60 4.68 4.62 4.70 4.66 4.67 4.68 4.62 4.7
T b@@;g&ﬁ* § A% 4.47 442 426 4.48 4.45 4.47 4.40 4.55 4.40 439 4.4
gl Fog 8 62.14 57.88 55.57 56.75 59.49 60.24 61.10 58.67 58.24 60.14 59.0
HAE R L b ,;,w 91.23 90.34 89.96 89.31 90.46 90.05 90.49 90.40 89.24 90.45 90.2
AiER T kg Bt 86.39 84.70 80.78 86.61 85.70 86.08 83.87 86.77 84.01 84.17 84.9
2 A4S 63366 74163 77880 76228 72275 69207 69974 73573 73455 68912 71903.3
B A k-4 RS 10500 10360 9800 10080 10640 10500 11200 10500 10360 10500 10444.0
ToE A A Bt 26.04 28.33 29.51 28.89 27.42 27.02 26.62 27.87 28.12 27.10 27.7
s 33460 38080 41580 42700 37800 39900 37240 38080 43400 38640 39088.0
AES AL AT 17680 18190 19040 18190 18190 18530 18530 18530 18530 18700 18411.0
ToE s Aot Y 18.76 19.99 20.49 21.35 19.78 20.40 19.93 19.98 21.50 19.84 20.2
WA h-§ A° 22507 25915 34719 22365 24424 23288 27832 22152 27122 26980 25730.4
AiEA A BS 17000 17000 17400 17200 17200 17000 17400 17400 16800 17000 17140.0
T &’Juz%, R - 16.96 17.99 20.49 16.82 17.31 17.09 18.61 16.77 18.39 18.32 17.9
EX-17] XA 164513 183708 | 200419 186763 180529 178425 182176 180235 189667 180732 | 182716.
T i:@@,, & A8 20.84 22.45 23.65 22.80 21.86 21.84 22.01 21.96 22.99 21.98 222
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oA SS 2883322 | 3020129 | 3158516 | 3021940 | 3029484 | 2991679 | 3044046 | 3017689 | 3054375 | 3017582 | 3023876
Tiod AS 3653.01 | 3690.28 | 3727.30 | 3689.34 | 3668.10 | 3661.34 3677 27 | 3676.52 | 3702.27 | 3670.58 | 3681.6
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1 2 3 4 5 6 7 8 9 10 T
RS 7393 7502 7718 7496 7631 7509 7608 7567 7537 7509 7547.0
Al e 7393 7545 7718 7496 7631 7509 7608 7574 7576 7509 7555.9
Tk p 4 g 211.23 214.34 220.51 214.17 218.03 214.54 217.37 216.20 215.34 214.54 215.6
Tiakp g pE° 550.54 629.49 635.09 611.40 621.11 636.20 604.74 640.91 653.17 616.63 619.9
Tk p g [ Re° 295.72 301.80 308.72 299.84 305.24 300.36 304.32 302.96 303.04 300.36 302.2
IR 0 43 0 0 0 0 0 7 39 0 8.9
PR LIS 21 22 23 21 22 23 22 23 24 22 22.3
359 FREHLE 1744 1811 1955 1827 1838 1904 1846 1911 1895 1812 1854.3
a7 g 2665 2764 2700 2707 2780 2692 2819 2773 2721 2708 2732.9
Frrag kE-48° 783 907 918 633 619 402 866 462 682 532 680.4
% iR (i+])-4 B° 75 1 0 229 266 399 0 474 227 266 193.7
% i B (142)-4 B ° 1807 1856 1782 1845 1895 1891 1953 1837 1812 1910 1858.8
BB - BT 76 78 76 78 80 80 84 77 77 81 78.7
b EE-48° 858 908 918 862 885 801 866 936 909 798 874.1
BEER-4 B 307 266 240 242 277 252 237 274 237 254 258.6
TR s g -4 2665 2764 2700 2707 2780 2692 2819 2773 2721 2708 2732.9
Frag kg4 a° 2554 2610 2680 2602 2638 2611 2591 2626 2610 2643 2616.5
2 E R (i+])- ¢ 4O 129 156 167 125 145 133 159 163 140 140 145.7
3B (142)- ¢ 4° 0 0 0 0 0 0 0 0 0 0 0.0
HER-L AT 2425 2454 2513 2477 2493 2478 2432 2463 2470 2503 2470.8
it S TN 103 104 105 104 105 105 102 104 104 106 104.2
BEER-AC 129 156 167 125 145 133 159 163 140 140 145.7
I RS S 186 246 250 224 253 251 244 244 226 233 235.7
FHEAT RE-§ B° 2174 2171 2338 2187 2189 2191 2198 2175 2225 2157 2200.5
2 EE(i+1)-§ 5° 92 121 225 156 124 154 122 115 170 105 138.4
%R (i42)-§ A° 45 33 60 5 27 24 40 18 52 57 36.1
AEE-L B° 2037 2017 2053 2026 2062 2028 2036 2042 2023 1996 2032.0
iR EcE-§ 5° 86 85 87 85 86 85 86 86 86 84 85.6
BRETFE-§ BT 137 154 285 161 151 178 162 133 222 162 174.5
TR 43 R E-§ B° 158 190 202 203 185 202 186 200 219 192 193.7
BRE R - B A 0 6269 6327 6348 6348 6450 6397 6421 6342 6305 6409 6361.6
BEER-Z B " 1124 1218 1370 1148 1181 1112 1187 1232 1271 1100 1194.3
TIOERGER-4 8T 3.74 3.69 3.64 3.81 3.82 3.96 3.77 3.82 3.75 3.92 3.8
x i’«:sé’ﬁ%]r% F-ta* 4.80 476 475 4.81 478 4.80 475 475 4.79 4.79 4.8
T i:@@,}psﬁ* § A% 477 473 4.54 471 474 4.69 472 476 4.63 473 47
gl Fog 8 67.80 67.15 66.00 68.16 68.17 70.25 69.28 66.25 66.59 70.53 68.0
R T ;‘é” 94.95 94.02 93.77 95.20 94.50 94.91 93.86 93.79 94.64 94.70 94.4
AiER T kg Bt 93.70 92.91 87.81 92.64 93.18 91.93 92.63 93.89 90.11 92.49 92.1
2N A S 50622 53572 54162 50858 52215 47259 51094 55224 53631 47082 51571.9
aiEA AR B 10640 10920 10640 10920 11200 11200 11760 10780 10780 11340 11018.0
ToE A h-F 8" 22.99 23.33 24.00 22.82 22.81 21.72 22.30 23.80 23.67 21.57 22.9
R 18060 21840 23380 17500 20300 18620 22260 22820 19600 19600 20398.0
AES AL AT 17510 17680 17850 17680 17850 17850 17340 17680 17680 18020 17714.0
ToE s Aot Y 13.93 15.14 15.38 13.52 14.46 13.97 15.28 15.42 14.28 14.23 14.6
WA h-§ A° 9727 10934 20235 11431 10721 12638 11502 9443 15762 11502 12389.5
AENA-§ B° 17200 17000 17400 17000 17200 17000 17200 17200 17200 16800 17120.0
lbuz}%,at A-g 5P 12.39 12.87 16.10 13.00 12.62 13.44 13.06 12.25 14.68 13.11 13.4
BEH XA 123759 131946 143667 125389 129486 124567 131156 133147 134653 124344 | 130211.
T f:@@,, & A8 16.74 17.49 18.61 16.73 16.97 16.59 17.24 17.58 17.77 16.56 17.2
7 G g’ g4 AS 0 232200 0 0 0 0 0 37800 210600 0 48060.0
E R 38538 44064 44456 42798 43478 44534 42332 44864 45722 43164 43395.0
L 2661480 | 2700720 | 2778480 | 2698560 | 2747160 | 2703240 | 2738880 | 2724120 | 2713320 | 2703240 | 2716920
oA ASS 2677709 | 2741541 | 2797292 | 2715378 | 2764456 | 2720150 | 2756228 | 2745701 | 2752417 | 2719990 | 2739086
TpmdAS 3621.95 | 3633.59 | 3624.37 | 362244 | 3622.67 | 3622.52 | 3622.80 | 3625.17 | 3633.07 | 3622.31 | 3625.09
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