2t dash optimization




Optimization Modeling and
Programming in Xpress-
Mosel

Alkis Vazacopoulos
CAPD Meetin

Carnegie Mel?on University
Pittsburgh, PA
March 11-13, 2007




e Agenda

e Modeling Basics
— Modeling and Programming Features
— Optimization
— Deployment

e Modeling Advanced

— Algorithms
Debugging & Profiling
Mosel Modules

/O Drivers

Vlodel Separation
st dash optimization




Developing an optimization model
in Mosel

e Describe the business problem in the
Mosel algebraic modeling language

e Ex: Capital Budgeting

e Set of projects with net return

e Fach project has capital and personnel
requirements

e Limited capital and personnel resources
e Select set of projects to maximize return
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e Developing an optimization model

Building Block 1
e Model name and parameters

model "CapitalBudgeting”
uses "mmxprs" I Use Xpress optimizer

parameters I Change at run-time
DATA_FILE = ‘projects.dat’

end-parameters

end-model
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e Developing an optimization model

Building Block 2
e Data declaration and reading

declarations

PROJECTS : set of string

CAPITAL_MAX : real

CAPITAL : array (PROJECTS) of real
end-declarations

initializations from DATA _FILE
CAPITAL_MAX
CAPITAL as ‘CAPITAL_DATA'
end-initializations
st dash optimization




e Developing an optimization model

Building Block 3
e Variable and constraint declarations

declarations
do_project: array( PROJECTS ) of mpvar
I Decision variable
MaxReturn, Capital, Personnel: linctr
I Constraints
end-declarations

(p in PROJECTS)
do_project (p) is_binary ! Binary variable
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e Developing an optimization model

Building Block 4
e Build constraints and objective

Total return is sum of selected projects returns

MaxReturn :=
( p in PROJECTS ) RETURN(p) * do_project(p)
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e Developing an optimization model

Building Block 5
e Solve optimization model

maximize ( MaxReturn )

st dash optimization




Developing an optimization model

Building Block 6

e Solution
if getprobstat=XPRS_OPT then
writeln("Solution:\n Objective: ", getobjval)
forall(i in PROJECTS)
write(" x(", i, "): ", getsol(x(i)))
end-if
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Deploying Optimization Models

Mosel source file developer

|

Mosel binary file end-user

e protects intellectual property
e platform independent

o officient
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»
e Vlore Mosel Features

e Modeling

— Variable: free, integer, partial integer, semi-
continuous, sos1, sos2

® Programming
— Dynamic arrays
— Sparse data
— Selections: if-then-elif-then-else, case
— Loops: forall, while, repeat-until
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Subroutines

Functions

forward function add ( a : integer, b : integer) :
Integer

Temp := add(10,20) I this will return "30”

function add ( a : integer, b : integer ) : integer
returned :=a + b

end-function
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Algorithms

These functionalities allow
e Multiple optimization calls in one model

e Create and solve different problems in one
model file

e Implement advanced algorithms, experiment
and try more new ideas

Benefit:  Spend more time in ‘designing’
rather than ‘implementing’
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Algorithms: Moditying the Problem

After solving first problem, one can
e Create ‘additional’ new variables and constraints
e Delete existing constraints
e Add / delete variables to existing constraints
e Hide / Un-hide constraints

Solve second modified problem ....
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:Algorithms: Moditying the Problem

Add / delete variables to existing constraints
Constraint := 5*x + 2*y <= 20
maximize ( Objective_1)
Constraint += 7*y the ‘revised’ constraint is

Constraint ;= 5*x + 9*y <= 20
maximize ( Objective_2)
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:Algorithms: Moditying the Problem

Can implement algorithms / heuristics such as

e Chronological decomposition of planning period
in scheduling problems

e Draw efficient frontier by changing R.H.S.
e Add constraints and monitor change in objective
e Column Generation (Master and Sub-problem)
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:Algorithms: Interact with Optimizer

p
Program

Starts

Program
Terminates
-

N

\

Optimizer
Solve

e

-
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:A\gorithms

e |Intermediate MIP solution
Set-up for integer solution

setcallback (XPRS_CB_INTSOL,

I Callback to function ‘WriteReport’

minimize ( Cost )
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. Algorithms: Interact with Optimizer
@

e Branch and Cut

Set-up for cut generation

setcallback ( XPRS_CB_CM, )

I Cut manager callback to function ‘add_cut’

minimize ( Cost)

st dash optimization




&3et Breakpoint

emove breakpoint condition
= Skart | Conkinue

Skep over
Skep inko

Run ko cursor
s Debug Cptions.

7= Prafile
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Debugging & Profiling

12 /Set Breakpoint

= ¥ SetfRemove breakpaint: condition

Skart [ Continue
Skep over
Skep inko

Rum ko cupsar

s Debug Cptions.
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Modules

mmodbc: ODBC connectivity
mmauad: QP, MIQP
mmxslp: NLP, MINLP

mmsp: Stochastic LP, MILP
mmive: Graphing

mmxad: GUI builder

kalis: CP

Extend Mosel: NI can be used to create user
defined modules
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Stochastic model

: Power m it in a hydro-th | system under uncertainty e

mmrng: Simulation runs
mmsp: Stochastic LP
mmxad: Visual Interface
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/O drivers

e Data exchange between concurrent
models:

— reading and writing data from/to memory
— synchronization of data access

1. shmem
2. mempipe
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e Mode Separation

e module: mmjobs
e Sequential model
e Parallel model

® [XS:
— Column Generation
— Dantzig-Wolfe Decomposition
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[ _
¢ Column generation -Flowchart

Initial Master
Problem Columns

Master Problem
Solve LP

Master Problem
Solve MIP

Solve Knapsack
problem

Profitable
Pattern?
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Dantzig-Wolte Decomposition

e Multi-item, multi-period production
planning
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Dantzig-Wolte decomposition

Master Probler

Proposals

Sub Problem | Sub Problem
for Factory 1|for Factory 2
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@ Modeling statements with Xpress-Mose

® Xpress-IVE

. Xpress-IVE - [locdemo01x.mos]

[ Eile Edit Wiew Buld Debug Deploy Modules ‘wizards ‘window Help

0= H
[0[=]-=|O

B e a4

[1 SR R | [ B 2]
UG o £ - DATA war obi ctr A= Lo B

|0032.mos| IocdemoU1y.mos| |DCdEmDU3.I‘ﬂD$| locdemall = mos : %|

olx

Mozt recent entities M
Entities | 4 . Z
. [C:\Iocation2Ucomplef

Parameters
Constants
Prirnitives
F- * scalars
-] araps:
| {} sefs:
Decision Variables
[1 amaps:
Caonstraints
+ scalars:
-] araps:
st Subroutines

|| £

B |
ol

declarations
DemandCities: set of string
SupplyCities: set of stcring

TCOST @ array(SupplyCities, DemandCities) of real
DIZT: arrayviSupplyCities,DemandCities) of real
DEMAND: array(DemandCities) of integer

{Decision variakles

®x : array(JdupplyCities, DemandCities) of mpvar !flow fraction

v @ array(SupplyCitcies) of mpwvar 'l open, @ closed
end-declarations

'constraints
forall{i in SupplyCities) y(i) is_binary

TotalCost := sum(i in 3upplyCities, ] in DemandCities) TCO3T(i,3) * DEMAND(3) * =(i,])

flimit on number of openr facilities
MaxlN := sumii in 3JupplwyCities|i<>'ZShortfall') yi(i) <= N

'ahip only if facility i=s open
forall{i in Zupplycicies,j in DemandCities) B CUTE(i,j):= x(i,3) <= wii)

!satisfy demand
forallij in DemandCities)
RDEM(j):= sum(i in SupplyCities|exists(DIST(i,J)) and DIST(i,Jj) < ZERV) =ii,])

foall optimizer
minimize (TotalCost)

Mo matrix is available

Build | " [C:Mlocation20completeblocdemall. mos)" locations [ Debug Watch

Read:
daSu UpLUILIZationt

Idle : ; 7 Line; 5295




o . .
e Modeling ano! programming
e statements with Xpress-Mosel

Xpress-IVE - [locdemo01y.mos]
[] Eile Edit Wew EBEuld Debug Deploy Modules ‘Wizards ‘MWindow Help

b

[0[=[-]2
loc32.mos || locdemoll p.mos IocdemoDB.mos| P= | ﬁ| |E

Bl x|

tast recent entities

Entiies | 4 - 7

[C:\IocationEDcomplE?

Parameters
Constants
Prirnitives
+ scalars:

w-[] araps

{} sefs:

Decision Variables
[1 amaps:
Constraints
+ scalars:

- [] amaps:

Subroutines

G5 s P

3 4 5 B 1 a 3 o u 12

Ly whp | 2g o | a
BUG | ,a &= B A= DATR war owi  ctr 4= I/0 B 1O 249 wam

s

'constraints
forall{i in 3upplyCities) ¥(i) is binary

TotalCost = sum(i in SupplyCities,j in DemandCities) TCO3T(i,3) * DEMAND(3) * x(i,3)

tahip only if facility i=s open
foralli{i in SupplyCities,j in DemandCities] R_CUTS(i,]):= =(i,]) <= wvii)

'satisfv demand
forallij in DemandCities)
RDEM(]j):= sum(i in SupplyCities|exists(DIST(i,3)) and DIST(i,3) < SERV) =i(i,]3) =

_Jé*##ﬁ*#ﬁﬁ*#ﬁﬁ*#é**#ﬁ*

taplve for different values of the limit on number of open facilities
forsll (n in 4..12) do

Flimit on number of open facilities

MaxlN := sum(i in SupplyCities|i<:>'Shortfall') yii] <= n

foall optimizer
minimize (TotalCost)

foall reporting procedure
report_solution

end-do
_.l EEE EEEREEERE EEEE S R EE]

Mo matrix is availabla

Build | ' [C:location20completetlocdemall.mos]" locations 'DeEquatch

Read

Idle Free Memory; 92 MB Line; 95/105




s Browsing the solution and
e entities in Xpress-IVE

Xpress-IVE - [locdemo01.mos *]
[] Eile Edit Wew EBEuld Debug Deploy Modules ‘Wizards ‘MWindow Help

D=EE & B3 i | [
INEEE A e
loz32.mos || locdemoll. mos

Bl x|

3 4 5 B 1 a 3
DATR war owi ctr 4= IO B

# |

mou
a

| A

2 i2
S A=

e

ag.

- 1

o

vy

Eﬂ Text view TaEIe view

Texst output fron igwe/Edit [m] [ &wuto Hide

Entiies | 4 - 7 Search: s | [regesp (use 2, % + [ [0, & = esc char)

[C:Alocation20complete

"} SupphCities Lol
Shartfall

Whalnut, Ca
Albuquerque, Mk
Texarkana, &R
Gainesville, FL
South Bend. [N
Fieading, P&
whalla b alla, wid
Cheyenne, WY
Jackson, M5
College Park, GA&
Jacksonville, FL
Modesta, T
West Jordan, UT
Dallaz, T+
Harrizonburg, Vi
Wiesthraok, ME

Harmary, P&,
=] Lo bAD1

Parameters
DATAFILE
DBDATA3
DEDATA4
DBDATAL
N
SERV

Constants

Prirnitives

+ - »  scalars

1-[ 1 amays:
[i] DEMAND
[re] DIST
[re] TCOST
= {} sefs:
{"} DemandCities
{"} SupplyCities
Decizion Variables
[ 1 amays:
[v] «
VTR
Constraints
scalars:
w11 araps:
Subroutines

SupplyCities
zet of string

SupplyCities containg 145 elements of type sting
"Shortfall"

"Jackson, M5"

"Caollege Park, G&"

"Jacksorwille, FL"

"Modesta, Ca"

oS A s A EE S e

<

%

"Concord, MC"
"Phoenis, 42"
"Frermont, CA"
"Hamszburg, PA"
"wilzonville, DR
"' locations | Debug Watch

x|

£
ol

'3 E:::ocationggcon plyCities] of mpwar
|y ChlocationZ0can]
| v C:Mocation20con

Buid

ry

Read Free Memory: 41 MB

Line; 59/78

-

Hode Bestioln EestBound

1 1962968.370 1962968.370

**% Relatiwe MIFP gap less than MIPR
FEF Zearch completed *FF Time:
Nuwber of integer feasible solutions
Best integer solution found is 1962
Best bound is 1962968.370
Uncrunching matrix
Objective walue is 1962968
¥ (Walnut, Ci,Modesto, Cid)
¥ (Walnut, CA,Foway, C4)
¥ (Walmut, CA,Walnut, CL4)
¥ (Walnut, CA,Phoenix, 4Z)
¥ (Walnut, CA,Fremont, Ci) 157000
¥ i&lbuquercue, NM,Lubbock, Tx) 17
¥ ialbuquerque, NM, albuqueroque, NM)
¥ [Texarkana, AR,Jackson, M3) 145
¥ (Texarkana, AR, Dallas, TX) =0000
¥ [Texarkana, AR,3an Antonio, Tx)
¥ i(Texarkana, AR, Memphis, TN)
¥ (Texarkana, AR, Found Rock, TX)
¥ (Texarkana, AR, Harahan, L) 495
¥ (Texarkana, AR, Norman, 0K) §500
¥ (Texarkana, AR,Little Rock, &R)
¥ (Texarkana, AR, 0lathe, K3 10000
®[Texarkana, AR, Houston, TX) 1915

e d PG 11 A BT RET)

b4

*

130000
71625
240000

176000

149

Callmmn Taswls

Type here:

Outputd nput
BE tree | User graph

Statz || Matrix | Objective | MIP search

A Mo matrix is availabla

L

Col: 30 Modified




®
s Run statistics in Xpress-IVE

RunPang

[ [Current optimizatio

Presolved:

Global search:

Current node:

Outputdlnput | Seate | Matrix || Dby

st dash optimization

[ ]uto Hide

e+006

e+006

ior iz optimal.

IJzer graph




. Problem matrix in Xpress-IVE

Xpress-IVE - [locdemo01.mos]
[] Eile Edit Wew EBEuld Debug Deploy Modules ‘Wizards ‘MWindow Help

D=EE e E | [ R = e
(0 ..':': .l I;l S DBEJ! Ezﬂ :gil nB.EE'.G & Iua .E.=... ;nrn :'ur Zhi Ectr .lll— ?l:m ?Q‘ :‘DE.. : E-g- wnn
loc32.mos || locdemoll.mos 4= 84| | E

g Representation of matrix to be optimiéed. Zoom in or out when available. [ Auta Hide

=]EX

| Sketeh || Column view | Row view || Graphical oniginal Graphical presolved

Colurnng

300 200

400 500 700 1000 1100 1200 1300 1400 1537

f : ; e g : : . T
P . . Gl :

[Harrizonburg, WA Raocky Hill, CT)

23.C
[ Pocomoke, MD Rocky Hill, CT)

7. C
wiRocky Hill, CT Rocky Hill, CT]

4[Jessup, MD Rocky Hill,CT)
28, C

«[Harmaorw, PARocky Hill.CT)
27.C

«['westbrook. ME Rocky Hill. CT)
25, C

+[Halfrmoon, MY Morton, M4
24, C

1.C
[ Philadelphia, P Hortan, BA)

10.C
«[Hagerztown, MD MNorton, kd)

13.C
[Wwilliamzpart, PA Naorton, MA)

18.C
<[ Halfrioon, MY Rocky Hill, CT)

[ WWiestbrook, ME Mortan, M)
20, C

4. C
s[Jersey City, MJ Morton, k)

11,C
«[Wwarners, MY Rocky Hill. CT)

[ Pocomoke, MD Mortan, MA)
21.C

5.C
«[Rocky Hill, CT . Narton, MA)

7.C
[ Sprinafield, Ma Mortan, Ma)

[ Wlarners, MY Morton, MA)
12.C

2. C
[ Allentown, Pd Morton, Ma)

4[Jessup, MD Morton, k)
1E.C
<[Morton, Ma Rocky Hill. CT)

E. C
[Feading, Pa Morton, Ma)

17.C
<[ Shartfall Rocky Hill, CT)

[ Suffork, W Morton, M)
22,C

<[ Morton, b Morton, k)
9. C

5. C
[ Utica, MY Morton, MA]

[ Ithaca, MY Morton, Ma)
15.C

[ Shartfall Maorton, Ma)
14, C

3.C
«["ork, PA Mortan, Ma)

0.C
19.C

BDE M [Morton, k]

. ROEM[Rocky Hill, CT]
RDEM[Halfmoon, M)

. RDEM[Westbrook, ME]
4, ADEM[5E Paul, MN]

5, RDEM[Abuquergue, Mk

B[]

L1
L1
L1

L = L T

L ] - - -
Output/nput | Stats | patiz | Objective | MIP search | BB tree | User graph
H das 1

Read Idle Free Memory; 61 MB Line; 1/85 Col; 0




o
S Problem matrix/solution in Xpress-IVE

Xpress-IVE - [locdemo01.mos]
[] File Edit Wew EBEuld Debug Deploy Modules ‘Wizards ‘MWindow Help

DS W W E [P (B 1
[ I:l | =) =' E = DBE.I! EEE :g? nB.EE'.G é Iﬂ .E.=... ;nm :-ur Zhi Ectr "I'_ ::."CI ?L\ }El.- : E.g. ---
loc32.moz || locdemall.mas 4= @ | | Kl
ﬁ g Representation of matrix to be optimiéed. Zoom in or out when available. [ Auta Hide
| Sketch | Column view _How e I Graphical onginal I Graphical plesolvedl
Calurnr Mame  R.. LE B Solution Reduced cost Type et
e~ 1040 =[South Bend. IN.Ba... 2 0 le+020 1 0 Continuous
e~ 1050 w[Gaineszville, FL Mia... 2 0 le+020 1 0 Continuous
e~ 1072 =[South Bend. IN Be... 2 0 1e+020 1 0 Continuous
~ 1110 «(Texarkana, AR Me... 2 0 le+020 1 0 Continuous
e~ 1142 =[Texarkana, AR.5a.. 2 0 Te+020 1 0 Continuous
~ 1181 «[SouthBend, [N La.. 2 0 le+020 1 633197  Continuous
e~ 1224 x[Reading, P& Ham... 2 0 1e+020 1 0 Continuoug
~ 1256 w[Feading, PA Haris... 2 0 le+020 1 0 Continuous
e~ 1276 w[Texarkana, &R Dal.. 2 0 1e+020 1 0 Continuoug
e~ 1307 w[Gainesville, FLJac... 2 0 le+020 1 0 Continuous
~— 1338 x[Gainezvile, FL.Coll... 2 0 T1e+020 1 0 Continuoug
o 3954 wShorttal] 59 0 1 1 0 Birary
041 1405 yYICheyenne, W) g0 0 1 1 0 Binary
o 1436 i allawfalla, i) &0 0 1 1 0 Binary
041 1740 yReading, P4) g0 0 1 1 0 Binary
01 2497 wSouth Bend, IM] B0 0 1 1 0 Binary
041 2797 yGanesville, FL] g0 0 1 1 0 Binary
01 2881 yWTexarkana, 4R) B0 0 1 1 0 Binary
041 Hqa yidlbuguerque, M) g0 0 1 1 0 Binary
01 3376 i alnut, Ca) B0 0 1 1 0 Binary
~— 2886 s[Jacksonvile, FLSE... 1 0 1e+020 1] 203408 Continuous
3885 m[Jacksonwille, FLH.. 1 0 1e+020 1] 193490 Continuous
~— 2834 s[Jacksonvile, FLP... 1 0 1e+020 1] 101169 Continuous
3883 mlJacksorwille, FL.Je.. 1 0 1e+020 1] 162768  Continuous
~— 2882 s[{acksonvile, FLH... 1 0 1e+020 1] 152420  Continuous
3881 s[Jacksonville, FLS... 1 0 1e+020 1] 872347 Continuous
~— 2830 s[{Jacksonvile, FLP... 1 0 1e+020 1] B8293.3  Continuous
3873 slJacksorwille, FL.Je... 1 0 1e+020 1] 160101 Continuous
—— 0 w[Halfmoon, MY Mort... 2 0 Tle+020 i] 0 Continuous
3877  r[Modesto, Cawest.. 1 0 1e+020 i] 74739  Continuous
~— 3876 w[Modesto, CA Boise.. 1 0 T1e+020 i] E67783.2  Continuous
~— 3870 wiModrstn CA Phoe 1 N Ae+02N n 138AM07  Continunns Ve
Output/nput | Stats | patiz | Objective | MIP search | BB tree | User graph

Idle Free Memory; 76 MB Line: 1,1'85 Col; 0




[ _
s Deployment wizard in Xpress-IVE

r

Deployment

The candidate file for deployment iz

:ompletehlocdemal]. mos

Haw wiould you like o uze ozel model in your application?
Save BIM file Fun bozel model from O ptirnize rmatris file friom

() With debug info

stripped

(1 &l nam

st dash optimization




@,
s Deployment wizard in Xpress-IVE

Compile and run Mosel model from ¥B
Add az a module to a%B project, Ercel warksheet, Access databasze etc.
ANE AL Alzo include the module 2<PRESSDIR %\nclude'sprm.bas in the project.

Function run mosel (ByRef err As Long) A= Long
Dim result Az Long
Dim model Az Long

err = XPREMinit

If err <> 0 Aind err <> 32 Then
err = 1

run mosel = 0

Exit Function

End If

model = EPRMloadmod ("c:h locationZOcomplete’ locdemoll. bhim™,
If model = 0 Then

err = 2

run mosel = 0

Exit Function

End If

st dash optimization




:Visualization, model controls, and
e mapping with Xpress-XAD

+ US locations
Mumber of DCz
“Upta: |8
O Model decides

Characterniztics

[ Uze capacity

[ ]Use fixed costs
£

Service: 100%
Solution typez
(%) Minimize cost
() Minimize DCz
() M asimize Coverage
() Coverage /Budget

Solve

Mumber DCs:

Demand Served: % 100

service Avg/Max 238/500

Total cost; § 1,952,058

Fixed cost: % o
[ Compare maps  +soioble cost: § 1,962,968

stdash optimization




:One Program: Mosel model as
e Procedure called from GUI

Xpress-IVE - [loc32x.mos *]
[] Eile Edit Wew EBEuld Debug Deploy Modules ‘Wizards ‘Window Help

o4 oo 1
D= B | 3 = w7
[ | bE e 3 1 g 3 4 5 B 1 B 3 M Qg 12 e
D | =R Q =* BU! :--:a Fn B A= DRTR war oki ctr A= IO LT, 1O 249 wam

Ioc32x.m$s ! 'ﬁ| | 2

JEAEEAE AL AL EAEEAEE MODET, #&A&fA4 AL dALLAAAAAAALAALLAEEALALAAALLAEEAXAL

procedure run wodel (n:integer, switch sing:boolean,
forceopent:array (string) of hoolean, forceclosed:array(string) of bhoolean,
gervireal,svitch nlim:boolean, use capacity:boolean, use fixedcost: boolean,
soltype: integer, budget:real)

if not use_fixedeost then
FixedCost:=FCO3T("S3hortfall"™) *v("Shortfall")
else
FixedCost : sum (i in SupplyCities) FCOIT(1i) * wi(i)
end-if

WVariahleCost :=
swn(i in SupplyCities, ] in DemandCities) TCOST(i,3) * DEMANDI(3) * =x{i,j)

TotalCost := FixedCost + VariableCost
FixedCostR:= FixedCost - FCOST("Shortfall"™) fy("Jhortfall™)
VarighleCostR:= sum(i in SupplyCities|i<:>'Shortfall',j in DemandCities) TCO3T(i,3) * DEMANLD(]) * =(i,])
TotalCostR:=FixedCostRE+VariahleCostR
TotalFacilities:= sum(i in SupplvyCities|i<>'Shortfsall') viil
TotallemZerved:= sum(i in SupplyCities|i<>'Shortfall',j in DewandCities)DEMAND () * xi(i,])
DistcDem3erved:= sum(i in 3upplyCities|i<:>'Shortfall',j in DemandCities)DEMAND(3) * =x(i,])*DI3T(i,3)
switch nlim then
:= sum(i in SupplyCities|i<>'3horcfall') y(i) <= n
=i
<
]

=}

Module(z] in use: mmaystem version 1.6.1, mmxad version 1.0.0, mmsprs version 1.4.4, mmive version 1.17.2. Ma ratrix iz available
Started running C:\location20completetlos32
4 ki | 1

Builc.l ["5 ubroutines” locations | I-Zle-l.nug watch| i:DDI,I .to cliﬁboard |

Read Free Memory; 73 MB Line: 97771125 ol; 3 Modified




s Interactive solving through GUI

e with all data in computer memory

S -
* UUS locations
Murnber of DCz
) Up ta:

® Model decides

vice percentage=1

Charactenstics

[] Uze capacity

4 »
Service: 100%

Solution types
() Minimize cost
() Minimize DCs
() Mavimize Coverage
() Coverage /Budget

Solve

Mumber DCs: 7

Demand Served: % 100
oenrice AvgiMax 2857500
Total cost; § 7,021,004
Fixed cost: § 5,600,000 |
[1Campare maps  soioble cost: § 2,321,006

22 (1A S11 OPULTLZAUOLL



®
s Scenario Management

+ LIS locations

Mumber of DCz
@ lUpta: |8 e : 5 ,
() Madel decides Me:-: I =8; Multlple seurelng Serwee percentage 'IEIEI/ Ilze capacity; Sol Tope: 1
ke bax M=8; Single sourcing; Service percentage=100%; Use capacity; Sol Type: 1

Characterniztics b ax M=[model decides); Multiple zourcing; Service percentage=100%; sze fiwed costs; Sol Type: 1

b ax M=3; Multiple sourcing; Service percentage=30%; Saol Type: 1
b ax M=8; Multiple sourcing; Service percentage=100%; Sol Type: TCLOSED:[Reading, P ]
[ Uze capacity tax M=3; Multiple zourcing; Service percentage=100%; Sol Type: 10PEM:[Charleston, wh ); CLOSED:[Reading, P );
3 b aw M=3; Multiple sourcing; Service percentage=70%; Use capacity; Sol Type: 1
[ Use fized costs —

4

Me:-:N a; Multlple seurelng Serwee pereentege 'IEIEI/ Sel Type: 1

Service: 1002 { | 'I'
Solution typez

() Minimize cost

) Minimize DCs

() M asimize Coverage

(") Coverage /Budget

Solve

Mumber DCs:

Demand Served: % 100

service Avg/Max 238/500

Total cost; § 1,952,058

Fixed cost: % o
[ Compare maps  +soioble cost: § 1,962,968

st dash optimization




+ LIS locations
Mumber of DCs
1 Upta |8
() Model decides

Characteniztics

[ Use capacity
[ Use fived costs

{*) Minimize: cost
() Minimize DCs
() Masimize Coverage
() Coverage /Budget

Salve

Compare maps
Murmber of DCs
@ Upta: |8
) Model decides
Characteristics
[]5ingle sourcing
Use capacity
[ Use fived costs

4
Service; 100%
Solution tppes
(%) Minirmize cost

() Minimize DCs

~

) Maximize Coverage

{_) Coverage /Budget

Solve

daSh UpPLLLLLLL

® Scenario comparison/visualization

Max M=8; Multiple sourcing; Service percentage=100%; Sol Type: 1

e

s

4 ¥ @
Service: 100%
Solution tppes

Murnber DCs:
Demand Served: %
Senice Avghiax
Tatal cost: §

Fized cost: §
“ariable cost: §

Murmnber OCs:
Dernand Sered: %
Service Avg/Max
Total cost: §

Fixed cost: §
Yariable cost: §

aliuil

—

B

100

238500

L. e SR
2
1,862,958

100

264 /500

2,140,084
g 8
2,140,084 °




: Scenario with stricter service miles
e requirements and shorttalls

+ US locations

Nurnber of DCs [ '- ak i CE I:IEffl::Efr'It-
*Upto: |8 -
) Model decides

Characterniztics

[ Uze capacity
[ ]Use fixed costs

£
Service: B0%

Solution typez
() Minimize cost
) Minimize DCs
() M asimize Coverage

(") Coverage /Budget

Solve

Mumber DCs:

Demand Served: % 100

service Avg/Max 2337400

Total cost; § 1,862,268

Fixed cost: % o
[ Compare maps  +soioble cost: § 1,862,268

st dash optimization




@,
s Visualization: Pop-up information

+ US locations
Mumber of DCz
*Upto: |8
) Model decides

Characterniztics

[ Uze capacity

[ ]Use fixed costs
£

| a 3 2 - . A .
Snj:rw:e: 80% i JEI‘SEY Clty, NJ
Solution types \ _ - | C /| Supplies: 1,834 468

%Mmlmlze cost s | il To Pocomoke, MD: 101,247
() Minimize DCs 14 To Jessup, MD: 187,628
() M asimize Coverage ——— 1T To “WWarners, MY 151,516
() Coverage /Budget o To  Harrishury, PA 156,372
i To  Falconer, MY 256,000
¥; - _ To  Suffork, W i e
*y ey To  Philadelphia, PA: 65, 614

o \ / ' Local: 145,963

To YWesthrook, ME: 35,566
To  Halfrnoon, MY L
b, To  Rocky Hill, CT; 171,150

Murber DCs: To  Morton, M 215,940

Demand Sered: % 100 .
Service Avgihlax 233/400 Consumes: 145 963

Total cost: § 1,862,268 _ Locally:
Fixed cost: § o '
“ariable cost: § 1,862,268

stdash optimization

145,963
u]
[] Compare maps




s Visualization: Forcing facilities open
® Or closed

+ LIS locations

Number of DEs—— 1 i . - I Type: 10PEN [Che
':E:'UD':EIZ 8 . —— - — == - ——
) Modsl decides

Characterniztics

[] Use capacity
[ ]Use fixed costs
£
Service: 1003
Solution types | Force open
| Force closed
o Maodel decides 130,000
() Minimize DCz e — J 93,000
) Maximize Coverage To  Fremont, CA; 157,000

O e s Bt To Wilsonville, ORF; 27,000
g g To Kent, WA 100,000

Solve

Medford, QR

() Minimize cost -

Murmhb
Dems
SEryi
Total

Fixed
[] Compare maps \earial

stdash optimization
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