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Multi-National Supply Chain

Customers in China/lUSA/Australia etc







e Exchange Rates
e Import Tax

e Transport Costs

e Factory Costs

e \Warehouse Costs
e 12 Month Plan



Meta-Heuristic or Solver ?




Solver



Generation Language

1 GL Machine code

2 GL Assembler

3 GL C++, Java, BASIC
4 GL SQL, PHP

5GL Prolog, Solvers




Order of magnitude improvements

2 GL

Software Libraries (Code reuse)

3 GL

4 GL

5 GL

Developer GUI tools




Meta-heuristics & old innovations

Meta-

. Solvers
heuristics

2 GL

Software Libraries (Code reuse) \/
3 GL \/

4 GL

5 GL

AN

Developer GUI tools
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Vehicle Routing Problem with Time Windows
_{'l.l:.lr_:-n'u-ri ]__l;lﬂ_ / Olrpective: Minimize I
. --—H—/_,_,.f’wmm to: O ]
Total Distanca: 1406.05
la1ejdd;rli-.-9rim ?ﬂﬂ______.— |::II Jective: Minkml I
Vehicles: 23|
Distance 16.9706 18 12083 13,1529 5.65685 120416 12.6491 10 11.1802 &G
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0 1 F 3 4 =] & F B
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warehouse.mod

w warehouse.dat I scalableWarehouse.mod

14// The resulting size is greater than the size allowed in trial mode.
15// Therefore, you need a valid license to run this example.

16// See the Licensing Scheme document for details.

17int Fixed 30;

12int NbWarehouses 50;

19int NbStores 100;

20assert( NbStores NbWarehouses )

21

22range Warehouses = 1..NbWarehouses;

23range Stores = 1..NbStores;

24int Capacity[w in Warehouses] =

25 NbStores div NbWarehouses +

26 w % ( NbStores div NbWarehouses )

27int SupplyCost[s in Stores] [w in Warehouses] =

28 1 + ( (s + 10 * w ) % 100 ):

29

30

3ldvar boolean Open[Warehouses]:;

32dvar float Supply[Stores] [Warehouses] in 0..1;

33dexpr int TotalFixedCost = sum( w in Warehouses ) Fixed * Open|[w]:;
34dexpr float TotalSupplyCost = sum( w in Warehouses, s in Stores )
35// define a range filter applied to solution pools

36execute {

37 vars = Arravy ()’

38 var coefs = new Arrav():

39 (var w in Warehouses) {

40 vars[w-1] = Open[w]:’
41 coefs[w-1] = 1;

42 }

43 cplex.addRangeFilter (30,
44}

45minimize TotalFixedCost + TotalSupplyCost:;
46subject to m

47 forall( s in Stores )

48 ctStoreHasOneWarehouse:

49 sum( w in Warehouses )

50 Supply[s] [w] == 1;

51 forall( w in Warehouses )

52 ctOpen:

53 sum( s in Stores )

54 Supply[s] [w] <= Open[w] * Capacity([w]:;
55}

56

57

nev

43, wvars, coefs):;

SupplyCost([s] [w] * Supplv([s][w]l:

-
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Objective Function

12

A20 v (‘ Jf« | Warehouse
| B C D : - G
1
2
3
4
5
6 Objective
7 Open Cost 20 30 20 0 20
8 Supply Cost " 93a” 10905’ 165 o 1732
9
10
11 Total cost 4036



Raw Data

13

14

15 Data

16 |Warehouse 1 2 3 4 5
17 Open Cost 20 30 20 30 20
18

19 Transport cost

20 |Warehouse ! 1 2 3 4 5
21 Storel 20 24 11 25 30
22 Store 2 28 27 82 83 74
23 Store 3 74 97 71 96 70
24 Store4 2 55 73 69 61
25 Store 5 46 96 59 83 4
26 |Store 6 42 22 29 67 59
27 |Store 7 1 5 73 59 56
28 Store 8 10 73 13 43 96
29 Store 9 93 35 63 85 46
30 Store 10 47 65 55 71 95
31

32 |Warehouse 1 2 3 4 5
33 | Capacity 120 70 90 20 80

Store 1
Store 2
Store 3
Store 4
Store 5
Store 6
Store 7
Store 8
Store 9
Store 10

Demand From store

15

30

24

24

18

5

12

31

=

12




Constraints

Constraints

Store has warehouse
Store 1
Store 2
Store 3
Store 4
Store 5
Store 6
Store 7
Store 8
Store 9
Store 10

Supplied warehouses co

Max Capacity

Demand




Variables

A20 v (‘ f« | Warehouse
A B C D

52 |

53

54 Variables
35 |Warehouse 1 2 3 4 5
56 Open / Closed 1 1 1 0 1
57
58
99| Qty to transport
60 |Warehouse 1 2 3 4 5
61 Storel 0 0 15 0 0
62 Store 2 0 30 0 0 0
63 |Store 3 0 0 0 0 24
64 Stored 24 0 0 0 0
65 Store> 0 0 0 0 18
66 |Store 6 0 5 0 0 0
67 Store7 12 0 0 0 0
68 Store8 31 0 0 0 0
69 |Store 9 0 5 0 0 0
70 Store 10 12 0 0 0 0

71




4 B c D E F 6 | wu [ v | k [ Mm | N o] Q R | s | 1 [ wu
1| Demand Delivered Volume (warehouse demand) To customer Qty, Assembly to Warehous| To Warehouse
2 | Customers Warehouse Economies of Scale Warehouse Economies of Scale
3 |Products Time El E2 W1 w2 Products |Time Assembly W1 w2
411 T1 200 300 250 330| J1 71 w1 High Mid Al 250 0 High |-
Eu 2 220 330 280 220| | 15 T1 w2 - High A2 0 330 - High
6 |11 73 250 340 220 360 J1 72 w1 High Mid Al 280| -9.7E-09 High -
7 4 00 300 300 180 J1 72 w2 - High A2 0 220 - High
8 . " J§200 300 250 330 J2 T1 w1 High - Al 250 0 High -
9 [ Model Information ] [ Model Parameters ] [Advalced F ] E =il 2 2l 2 = w2 = - High A2 . il = - High
0 340 220 360 J2 T2 w1 High = Al 270| 9.69E-09 High =
11 Objective Function 00 300 300 180 2 72 w2 - High A2 0 180 - High
12 200 300 250 330 J1 73 wi1 High - Al 220! 0 High -
13 g”m;sr‘: 20 330 280 220 1 73 w2 n High A2 0 360 E High
14 © Maxinization 0 340 220 360 J1 T4 w1 High High Al 300 0 High =
15 () Spedified Value C} 00 300 300 180 J1 T4 w2 - High A2 0 180 - High
16 ‘ 0 350 250 570 12 73 w1 High - Al 290 0 High -
17 Variables 0 400 270 180 J2 T3 w2 - High A2 0 530 - High
18 <new> =] 90 400 290 530 12 T4 w1 High |- A1 250 0 High |-
19 Variable Information 0 350 250 220 J2 T4 w2 - High A2 0 220 - High
20 o] o 0 350 250 570 J1 5 w1 High Mid Al 250 0 High -
21 — 0 400 270 180 J1 5 w2 - High A2 0 330 - High
22 90 400 290 530 J1 T6 w1 High Mid Al 280| -9.8E-09 High -
23 fauie l J 0 350 250 220 i1 T6 w2 C High A2 0 220 C High
24 Integral Binary 0 350 250 570 12 75 w1 High - Al 250 0 High -
25 [ Add Variable ][ Remove Variable ] [ Update Variabl ] 0 400 270 180 J2 5 w2 - . High A2 0 570 - : High
26 190 400 290 530 12 76 wi1 High - Al 270| 9.78E-09 High -
27 0 350 250 220 2 76 w2 - High A2 0 180 - High
28|  Constraints J1 77 w1 High - Al 220 0 High -
29 | <new> E J1 77 w2 - High A2 0 360 - High
30 Constraint Information 1 18 w1 High High Al 300 0 High -
31 LowerBound | J1 78 w2 - High A2 0 180 - High
32 e || 52 77 w1 High ol Al 290 0 High E
33 o l 12 77 w2 - High A2 0 530 - High
34 g 12 78 w1 High = Al 250 0 High =
35 Add Constraint | [ Remove Constrain | | Update Constraint | J2 8 w2 = High A2 0 220 = High
36/ J1 9 w1 High Mid Al 250 0 High -
37 J1 79 w2 = High A2 0 330 = High
38 J1 710 w1 High Mid Al 280| -5.7E-11 High -
39 J1 T10 w2 - High A2 0 220 - High
40 52 79 w1 High = Al 250 0 High E
) . J2 79 w2 - High A2 0 570 - High
a2 J [ save [ concel ][ Reset |[ rep | 12 T10 w1 High |- Al 270| 4.49E-11 High |-




Google:Spreadsheet Analytics

Premium Solver, Premium Solver Platform, RiskSolver Platform by Frontline Systems
Evolver by Palisade Corporation
G
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o Cvoiver

o Generator by New Light Industries
o OptWorks by SpaceWorks Software
[
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Solve XL by Diapason Consulting
GANetXL by University of Exeter

GeneHunter by Ward Systems


https://sites.google.com/a/usfca.edu/business-analytics/
http://www.solver.com/exceluse.htm
http://www.google.com/url?q=http%3A%2F%2Fwww.palisade.com%2Fevolver%2F&sa=D&sntz=1&usg=AFrqEzf-NlRAMpkm66slrFBIBU0jrljmVw
http://www.google.com/url?q=http%3A%2F%2Fwww.nli-ltd.com%2Fproducts%2Fgenetic_algorithms%2Fgenerator.php&sa=D&sntz=1&usg=AFrqEzcmcScGHG7VwiU5CY_2vvmL4lmfOg
http://www.sei.aero/sw/products/optworks/index.html
http://www.sei.aero/sw/products/optworks/index.html
http://www.google.com/url?q=http%3A%2F%2Fwww.solvexl.com%2F&sa=D&sntz=1&usg=AFrqEzc1P1QbZpvMr5PNtd_lzk0mH5dY7g
http://centres.exeter.ac.uk/cws/technology/ganetxl-addin
http://www.wardsystems.com/genehunter.asp
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e Exchange Rates
e Import Tax

e Transport Costs

e Factory Costs

e \Warehouse Costs
e 12 Month Plan




