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1. Structure of the Demand Folder

There are subfolders within the folder Demand that contain datasets with specific features. The sub-
folder structure corresponds to the length of the planning horizon, the bottleneck utilization, the
coefficient of variation, and the type of correlation. Next, the meaning of the different folder names
is explained.

1.1. Length of the planning horizon (H)
e Demand_18: datasets that contain demand data with a planning horizon of 18 weeks.
e Demand_9: datasets that contain demand data with a planning horizon of 9 weeks.

Note that folder Demand_9 is meant to provide additional demand data for illustrative purpose.
Its content is outlined more specifically in the last section of this document.

1.2. Bottleneck Utilization
e 70_BN_util: datasets that lead to a bottleneck utilization about 70%.
e 90_BN_util: datasets that lead to a bottleneck utilization about 90%.

1.3. Coefficient of Variation (CV)
e CV_01:CV (Dt(,it)+o) = 0.1 for the final demand Dt(’it)+0 in period t of product P;. The demand

information for product P; available at period t concerning s periods ahead Dt(lt)+s is less variable

VH-s
vH

as s grows: CV (Dt(,it)ﬂ) = 0.1, where s € {0, ..., H — 1} as the length of the planning hori-
zon is H weeks.
e (CV_025: As above, but with CV (Dt((i))) = 0.25 for the final demand and more precisely

)=

cv (D, 0.25.

1.4. Type of Correlation (COR)

e negativeCorrelated: P;, P;, P, are negative correlated to P,. More accurately the correlation of
the demand information is as follows:
1 ifi =j
COR (D§,?+S, Dt(’];s) =1 099 ifi€{1,34}]€ {34}
—-0.99 ifie{1,3,4}andj = 2.

In this case no correlation across periods is modeled. Thus, COR (Dt('it)ﬂ, D,g,zﬂ) =0fort+k

and s # L.
e negativeCorrelated_05: P;, P;, P, are negative correlated to P,. More accurately the correlation
of the demand information is as follows:
1 ifi =j
COR (D2, D) =1 05 ifie{134})€(34)
—-0.5 ifi€{1,3,4}andj = 2.

In this case no correlation across periods is modeled. Thus, COR (Dt(,it)ﬂ, D,g,zﬂ) =0fort#k

and s # .



e positiveCorrelated: P;, P,, P;, P, are positive correlated. More accurately the correlation of the
demand information is as follows:

COR (D{ss DERs) = {05139 12 ;j
In this case no correlation across periods is modeled. Thus, COR (Dt('it)+s, Dgle) =0fort#k
ands # L.

e positiveCorrelated_05: P;, P,, P;, P, are positive correlated. More accurately the correlation of
the demand information is as follows:

O pi Y1 ifi=j
COR (D{ss DERLs) = {0.5 ifi % J.
In this case no correlation across periods is modeled. Thus, COR (Dt(,it)ﬂ, D,g,zﬂ) =0fort#k

and s # L.
e positiveCorrelatedProductsAndPeriods: P, P,, P, P, are positive correlated with

W o0 Y_(1 ifi=j
COR (Dt,lt+s' Dt,]t+s) - {

0.55 ifi=#j.
, . 1 ifs=0
The correlation across periods is given by COR (Dt(fs ke Dt(lt)+k) =93 s 20
’ ’ = jfs .
10s

e uncorrelated: Neither correlation across periods nor across products is modeled:

) M \Y_f1 ifs=0l=kandi=j
COR (Dt+s,t+s+l'Dt,t+k) - {0 otherwise.

2. Contents of the Demand Files

Demand datasets are contained in the the correlation folders (negativeCorrelated, positive-
Correlated, positiveCorrelatedProductsAndPeriods, uncorrelated). In the following, the contents of
the files are explained.

2.1. Final Demand

The file finalDemand.txt contains the weekly final demand for the four products at the distribution
center level. Files finalDemand_i.txt contain the final demand at distribution center i. Figure 1 is
used to describe the contents of these files. The corresponding numbers are given in 1000 chips.



File Edit Format View Help

hese 3471 2118
4866 2895 2426
5873 1737 3020
2980 4837 1485
3118 4436 1504
4233 3346 2254

4228 3265 2135
4711 2952 2235
3578 3961 1826
5786 2124 2886
4863 3947 1861
2683 5834 1397
3496 4149 1661

Figure 1: Contents of a Final Demand File

In the first line, the final demand for the first week (t = 0) is given for the four products by
D$Y = 4086000, D = 3471000, DS = 2110000, and DY = 2010000 chips. In line five the
final demand for the fifths week (t=4) can be found: D{ = 3110000, D3 = 4436000,
DY) = 1504000, and D% = 1571000 chips.

2.2. Firm Orders and Supply Reservations
forecast.txt refers to supply reservations and order.txt to firm orders. Again, the extension _i refers
to distribution center i.

Figure 2 is used to describe the contents of these files. Here, a firm order file is considered. The con-
tents are arranged in blocks of four lines. The first line in each block contains demand information for
P;, the second line for P,, the third for Pz, and the fourth for P,. Each line consists of 18 entries with
tabs as field delimiter, as this is the length of the planning horizon H. The last section of this docu-
ment describes how the last nine entries of the planning horizon are populated in the corresponding
files in folder Demand_9

The first line in the t-th block gives the information of the firm orders for P; in the t-th week:
Df_(i) = (Df_(i)t_l, ""DtF—(i,)t+H—2)‘ In the third line of the second block, the firm orders for P; start-

ing in the second week (t = 1) are given by DI'® = 2426000, D/® = 2644000, D/ = 1183000
chips.



File Edit Format View Help

HBSﬁ 422@ 4832 2295 2789 3568 a7e 2464 1871 2465 1925 1383
3471 382 1935 4130 3284 1979 1935 21880 2327 1398 1496 159@
2116 2184 2518@ 1671 1334 1823 1552 1176 951 1238 941 687
2@16 2077 2338 1843 1327 1722 1548 1245 956 1251 967 784

4866 5883 2588 2893 3796 3218 2785 204 2779 2876 1548 1457
2895 2098 4360 3458 2134 2195 2387 2573 1521 1866 1852 1588
2426 2644 1183 1394 1964 1635 1311 le21 1398 1e@7 772 785
2367 2422 1173 1414 1847 1le2@ 1484 le34 1392 1841 76e 742

5873 2848 3248 3735 3480 3@55 2391 3e22 2359 1886 1619 2423
1737 4458 3528 2639 2345 2457 2625 17@1 1994 20828 1751 559
3026 1335 1568 1958 1768 1443 1215 1581 1158 3596 793 1228
2817 1335 1615 1817 1749 1531 1238 1525 1167 987 822 1186

2988 3266 3942 341@ 3379 2639 3627 2364 1824 2842 2884 1637

4837 391@ 2837 2795 2568 2767 1538 2415 2452 1775 624 1343
14@5 1576 2881 1731 1685 1378 1793 1158 9a7 lee2 141@ 835
1374 1631 1983 1718 1684 1385 1817 1169 926 1831 1378 826

3118 4858 3798 3738 3112 3565 2623 1759 2216 3143 1661 1252
4436 3899 2824 2655 2725 257 2598 2928 2842 698 1728 1782
1584 2168 1929 1778 1589 1774 1256 875 1879 1595 855 686
1571 1578 1933 1848 1635 1797 1292 915 112@ 1556 839 619

Figure 2: Contents of an Order File

Note that one of these blocks of four lines is sufficient if no rolling horizon approach is taken. In this
case the same block (e.g. the fourth block) of the firm order file and the supply reservation file has to
be chosen.

3. WIP Information

The WIP information is generated for each demand scenario from 52 weeks of demand data that was
generated along the specified data. As ATO is a mixture of MTS and MTO, this strategy is chosen for
each product to generate the WIP information.

3.1. WIP Lots
The files WIPlots_XX.txt contain the information to start WIP lots for the simulation model XX where
XX € {FM,BM, RM}. The contents of the files are arranged in eight columns with tabs as field delim-
iter. They can be easily copied into an Excel worksheet. The first line contains the headings of the
columns. These are:

e PRODUCT: the name of the product,

e RELEASED AT: the name of the facility where the lot was released,

e PLANNED FOR: the name of the die bank or distribution center to which the lot is routed,

e RELEASE DATE: date and time when the lot was released (format: M/D/YY h:mm:ss),

e DUE DATE: the due date of the lot,

e CUR STEP: the identifier of the current processing step,

e STEP START: the time when the lot entered CUR STEP,

e REMAINING PROC SEC: the remaining processing time in seconds at CUR STEP; this field is only
used in case of silicon foundries or subcontractors.



IMPORTANT: The start date of model runs using the WIP information has to be set to June the 8th,
2015 at 9 AM.

Figure 3 shows some WIP lots of a FM. Line 2 holds information regarding a lot of P, that has been
released at A/T facility BE1 on June the 1%, 2015 at 9 AM and is planned for distribution center DC2.
The current processing step of the lot is S20 and the lot started this step on June the 7" at 7:19 AM
and 40 seconds.

In our model, the STEP START information is only used to rank the lots according to FIFO. When the
simulation starts with WIP lots, the lots reenter CURSTEP. On the one hand, this leads to WIP lot in-
formation that is easy to read, understand, and to use. On the other hand, the WIP lot information of
FM is used to generate WIP lot information for BM and RM and thus this simplification enhances the
comparability of the models.

As the processing time at silicon foundries and subcontractors is both long and deterministic, the
REMAINING PROC SEC field is used in these cases (cf. Figure 3, lines 14 and 16). Hence, these lots do
not restart their processing, but continue instead.

When CUR STEP is set to Transportation the lot is being transported from RELEASED AT to PLANNED
FOR (cf. Figure 3, lines 3, 8, 12, 15, and 17).

i8N PRODUCT RELEASED AT PLANNED FOR RELEASE DATE DUE DATE CUR STEP STEP START REMAINING PROC SEC
2 2 BE1 DC2 6/1/159:00:00 6/13/15 9:00:00 520 6/7/15 7:19:40

3 BEE BE1 DC3 5/25/15 9:00:00 6/7/159:00:00 Transportation 6/5/15 12:13:08

L p 1 BE2 DC3 6/1/159:00:00 6/10/15 9:00:00 523 6/7/15 16:02:58

5 [ BE2 DC3 6/1/15 9:00:00 6/14/15 9:00:00 520 6/7/15 7:19:40

M p_ 2 BE2 DC2 6/1/159:00:00 6/14/15 9:00:00 522 6/8/15 5:47:55

o 2 BE2 DC1 6/1/15 9:00:00 6/14/15 9:00:00 523 6/8/15 8:17:53

2 [ FE1 DB1 5/11/15 9:00:00 6/11/15 9:00:00 Transportation 6/7/15 11:33:21

N 2 FE1 DB1 5/4/159:00:00 6/8/15 9:00:00 213 6/8/15 7:11:37

10 [l FE1 DB1 5/4/15 9:00:00 6/8/15 9:00:00 222 6/8/15 7:00:29

11 P FE1 DB1 4/27/15 9:00:00 6/1/15 9:00:00 230 6/8/15 7:33:44

12 B FE1 DB2 5/4/15 9:00:00 6/3/159:00:00 Transportation 6/8/15 8:23:51

13 P FE2 DB2 5/4/159:00:00 6/8/15 9:00:00 244 6/8/15 5:04:03

14 vl SIFO1 DB2 4/20/15 9:00:00 6/20/15 9:00:00 1 4/20/15 9:00:00 604800
15 [t SIFO2 DB2 4/20/15 9:00:00 6/13/15 9:00:00 Transportation 6/8/15 9:00:00

16 [l SUBCON1 DC3 5/25/15 9:00:00 6/19/15 9:00:00 51 5/25/15 9:00:00 604800
17 [ SUBCON1 DC1 5/18/15 9:00:00 6/12/15 9:00:00 Transportation &/8/15 9:00:00

Figure 3: Contents of a WIPlots_FM.txt File

The WIP lot files for BM and RM are generated from the FM files and contain the same lots. In case of
BM, CUR STEP is set to the equivalent bottleneck or delay processing step. For RM, the CUR STEP
information is not needed. In order to take the lot’s current position into account the cycle time
which is calculated using empirical cycle time distributions, linear interpolation, and exponential
smoothing, is reduced by the amount of time the WIP lot already spent in the system.

3.2. Bottleneck Utilization and Cycle Times

As BM and RM calculate the delay times and cycle times subject to the current state, the current
bottleneck utilization and the current mean cycle times are needed. These can be found in the files
WIP_util.txt and WIP_ct.txt.



Figure 4 shows the contents of a WIP_util.txt file. Here, the current bottleneck utilization at FE1 is
80.1801%, 77.0486% at FE2, 74.4999% at BE1, and 73.9005% at BE2. The bottleneck utilization is
calculated as the percentage of time when the bottleneck tool group is not idle in the last simulated

seven days.

File Edit Format View Help
FE1 FE2 BE1 BE2

88.13881 77.8436 74.4999 73,9885

Figure 4: Contents of a WIP_util.txt File

Figure 5 shows the contents of a WIP_ct.txt file. Here, the current mean cycle times in days are given
for every facility and product. Product P; has a mean cycle time of 39.1833 days at FE1, 37.2807 days
at FE2, 9.37407 days at BE1, and 10.0635 days at BE2.

File Edit Format Wiew Help

FE1 FE2 BE1 BE2
39,1833 37.2887 9.37487 108.8635

47.6999 45,5647 12,3653 13.8379
41,7696 48.1897 14.2111 @
8 8 8 14,8757

Figure 5: Contents of a WIP_ct.txt File

As P, and P; have the same parent dies, the cycle times for FE1 and FE2 are listed for P; and not for
P,. In addition, P; is only processed at BE1 and P, at BE2. The average cycle time is calculated from
all lots of the same product and facility that were completed in the last seven days.

3.3. Inventory and Backlog per Facility

The file Inventory.txt contains information about the current inventory or backlog of the facilities.
Figure 6 shows an example of an Inventory.txt file. The columns refer to the die banks and distribu-
tion centers and the rows to the four products. As in the demand files the numbers are given in wa-
fers (DB) or 1000 chips (DC). In Figure 6, we have 8496 wafers of P; at DB1, 8464 wafers of P; at DB2,
407000 chips of P; at DC1 and DC2 and 234000 chips of P; at DC3. Again, the inventory at the die
bank level are not listed for P,. Negative inventory is backlog.



File Edit Format View Help

DE1 DBE2
7856 7648

leeee 18256
8496 8464
7 7

Figure 6: Contents of an Inventory.txt File

4. Results of Simulation Runs

The files Result_XX.txt contain the results of simulation runs of 104 weeks with the demand and WIP
data given in the same directory for the simulation model XX, where XX € {FM, BM, RM}. The con-
tents of the files are arranged in 20 columns with tabs as field delimiter. They can be easily copied
into an Excel worksheet. The first line contains the headings of the columns. These are:

e Strategy: the partition of the four products into MTO (=0), ATO (=1), and MTS (=2), the string
“0120” means that P; is produced MTO, P, ATO, P; MTS, and P, MTO,

e SLC:the code for product Product: 0 (MTO), 1 (ATO), or 2 (MTS),

e Product: the name of the product,

e Total Cost: the weighted sum of inventory costs, backlog costs, and manufacturing costs for the
four products

e Cost per Product: the weighted sum of inventory costs backlog costs, and manufacturing costs for
product Product

e Inventory DB (wafers/week): the mean inventory of product Product at DB1 and DB2 throughout
the simulation run,

e Inventory DC (1000 chips/week): the mean inventory of product Product at DC1, DC2, and DC3
throughout the simulation run,

e Backlog DB (wafers/week) : the mean backlog of product Product at DB1 and DB2 throughout the
simulation run,

e Backlog DC (1000 chips/week) : the mean backlog of product Product at DC1, DC2, and DC3
throughout the simulation run,

e  WIP FE (wafers/week): the mean WIP of product Product at FE1, FE2, SIFO1, and SIFO2 through-
out the simulation run,

e WIP BE (1000 chips/week): the mean WIP of product Product at BE1, BE2, SUBCON1, and
SUBCON2 throughout the simulation run,

e (T FE (days/lot): the mean cycle time of product Product at FE1, FE2, SIFO1, and SIFO2 through-
out the simulation run (WIP lots are not considered),

e (T BE (days/lot): the mean cycle time of product Product at BE1, BE2, SUBCON1, and SUBCON2
throughout the simulation run (WIP lots are not considered),

e Starts FE (wafers): the total number of wafers of product Product started at FE1, FE2, SIFO1, and
SIFO2,



e Starts BE (1000 chips): the total number of chips (in 1000 chips) of product Product started at
BE1, BE2, SUBCON1, and SUBCON2,

o Comps FE (wafers): the total number of wafers of product Product completed at FE1, FE2, SIFO1,
and SIFO2,

e Comps BE (1000 chips): the total number of chips (in 1000 chips) of product Product completed at
BE1, BE2, SUBCON1, and SUBCON2,

e Total Final Demand (1000 chips): the total final demand (in 1000 chips) of product Product at
DC1, DC2, and DC3,

e  Util FE: the mean bottleneck utilization at FE1 and FE2 throughout the simulation run,

e  Util BE: the mean bottleneck utilization at BE1 and BE2 throughout the simulation run.

In this file four subsequent lines belong to one model run and hold the information for Py, P, P;, and
P,. Figure 7 shows an example of a Result_FM.txt file. Lines two to five contain the results of the first
simulation run. Here, the strategy is 0000, i.e. all products are produced MTO. Line two refers to P;,
line three to P,, line four to Ps, and line five to P,. The columns Total Cost, Util FE, and Util BE con-
tain general information that is the same for the four products in one run. Similarly, the results for
the second strategy (0001) where products P;, P,, and P; are produced MTO, while P, is produced
ATO, can be found in lines six to nine.

Note that Total Cost and Cost per Product are divided by 1300 in order to obtain smaller numbers.

[ H [ ;
Strategy SLC Product Total Cost Cost per wentory DB Inventory DC Backog DB Backlog DC WIP FE WIP BE CTFE CT BE

1 Product |wafer/week] [1000 chips/week] (waler/week) (1000 chipsfweek)] [wafer/week] (1000 chipsfweek) [daysflot] (days/flot]
Flloo00 0 pl 316940 93700 5016.92 1377.08 18 205923 257469 749154 425446 153912
EN o000 0 p2 316940 113531 483615 202328 204768 2832.058 30603.2 109152 498661 18.1134
4 |[sfefels] 0 p3 315940 82955 320523 987.51 o 58.5962 270208 545692 441338 18.951
5 [ 316940 26713 2866.31 754,615 1.84615 92,75 o 5743.85 D 19.2442
Mooo1 0 p1 344507 93802 295754 1354.77 209231 230385 25809.2 752554 425479 13.4266
o001 0 p2 344507 113487 482292 2009.46 1B6.462 383317 305982 109475 498546 181395
L o001 0 pa 344507 83572 3387.69 980683 o 58.2308 273531 546338 440768 189673
EN o001 1 p4 344507 53545 972477 514.75 o 10,1154 o S500.08 0 19.4857
10 (sl 0 pl 347851 93774 492631 136071 14,6154 234,835 258342 754015 425789 134312
i$8cc0z 0 p2 347651 113766 472369 1859.91 218.768 480692 30729.7 110231 49,9968 18.1394
#8000z 0 p3 347651 B3741 3363.69 971.067 o 69.2308 27439.8 5484 441536 189428
ER0002 2 pa 347651 56371 965523 1663.35 o 0557682 o 5546 o 195577
14 Lol 0 pi 344370 93542 492892 135521 301538 222 258471 7517.54 425601 13.4015
15 [sReqs] 0 p2 344370 113408 477662 2012.21 153.231 383913 30651.2 109385 498588 18,0963
Ro010 1 p3 344370 110469 10202.3 1064.54 i} B.B5577 27335.1 533015 440982 19.0989
isBo010 0 p& 344370 26853 291431 770875 7.38462 B5.3173 o 571477 0 19.195
18 [elB1 0 ip2 372281 93805 5074 1365.86 25.2308 207.163 256971 749692 423595 134455
ERo011 0 p2 372281 113397 487138 201503 164,308 363.5 305275 109442 45689 181585
20 v 1 p3 372281 111251 10277.1 1D61.65 o 110481 27568.5 533523 437939 19.137%9
80011 1 p4 372281 53829 977369 900.265 0 11,7885 o 551923 0 19.4823
o012 0 pl 374966 93777 5013.08 1339.28 40 221.817 257728 7523.54 424602 134574
Ejo012 0 p2 374966 113518 476831 1968.83 214923 405.452 30681.2 109815 499497 181506
24 vl 1p3 374966 111348 10215.7 1059.68 o 5.69231 2774886 533585 439843 191293
25 [fviies 2 p 4 3745965 56323 GE48.31 16535 o 0557652 s} 555585 0 195145
EERO020 0 pl 347212 93471 4044 31 138761 109231 195375 258125 T477BS 42,4827 134304
Felloozo o0 p2 347212 113463 483077 2023.82 143538 376.288 30547 8 10969.8 49,7605 18.1626
fo020 2 p3 347212 113355 10200.2 1783.51 0 075 273102 5397.23 440155 1023191
FEN0020 0 p4 347212 26923 192631 757.106 1] B8.7788 o] 5T39.38 0 192528
20 [l 0 pl 375147 93804 S002 135495 233816 123,683 257672 752615 424855 134523
31 [slile] 0 p2 375147 113641 484523 159655 165.846 396,885 305552 10994 497917 181683
B8o021 | 2 p3 375147 114087 10175.7 178766 0 0.75 277205 539308 439332 192236
EENo021 1 pd 375147 53615 971554 906.76 0 12,4327 o 5513.38 0 19.4861
34 [l 0 :p1 377824 93747 496523 134751 16.6154 226817 257972 754369 425202 134781
35 ¥ 0 p2 377824 113483 474738 158644 170 401606 306572 110062 498515 18.1758
35 [slileg 2 p3 377824 114128 101502 1805.71 o 156731 277659.8 537585 439605 19.2033
Er o022 2 p_ 4 377824 SB4BE Q68477 1651.96 L] 0.557692 o 555738 o 19.551
EEfo100 O p_1 381389 94132 495123 1362.59 17.8462 265.125 258125 7565.23 42551  13.451
Eefoi100 1 p2 381289 177170 207118 2775.15 0 00865385 31624.2 9986.31  49.832 1B.4767

Figure 7: Contents of a Result_FM.txt File



5. Additional Demand Data

The directory Demand_9 is organized as the Demand_18 directory. The difference is a planning hori-
zon of H = 9 weeks instead of 18 weeks as above. For reasons of compatibility, the remaining nine
weeks of the demand vector are filled with the mean demand in case of supply reservation and are
set equal to zero in case of firm orders. As this data is additional, neither WIP information nor results

of simulation runs are included.
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