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Decision Optimization

Outline

Overview of IBM Decision Optimization Center

Industry context

\'\, Ty

Project goals & benefits
Uncertainty Toolkit design and architecture
Case studies
Pump scheduling for energy cost minimization with uncertain energy prices

Pressure management for leakage reduction with uncertain water demand
Energy Unit Commitment with uncertain demand

© 2013 IBM Corporation
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IBM Decision Optimization Portfolio

i

Engines and Tools
CPLEX Optimization Studio

High-performance mathematical programming solvers and development tools

Solut|c_)n !DIatform .. : Integrated Analytics
Decision Optimization Center « Decision support solutions for
Build and deploy analytical decision support Supply Chain Management
applications based on optimization technology * SPSS predictive analytics

* Cognos descriptive analytics

/—ﬂ ‘ * Maximo asset management
Industry Solutions

Optimization Assets

Pre-built yet customizable industry
applications

© 2013 IBM Corporation
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Decision Optimization

(]
« We support a business expert making the decision s
- A Business User need " Gt

« Manual planning in addition to Optimization

« Recommendations

« Explanations

« Alternatives

« Relaxations

« Tradeoffs

« Re-scheduling functionalities

 Insight on solution sensitivity and robustness
« “What-if” and scenario comparison

© 2013 IBM Corporation



Decision Optimization

Decision Optimization
OPL Models Development

File Edit Source Refactor MNavigate Search Project

il TRD ROk G
@ Proyectos OPL &2 #5 Debug = =0
122 NurseMultibodel A

12 ServiceAPIExample

bg SupplyDemand (Mew S80P dema)

bu TestProject

= TDD warehouse (4 warehouse location model)
(=-H} Configuraciones de sjecucisn

@ Basic Configuration ipredeterminada)

3 Ficer script

able data

B Saolution pool script

@ scalablewarehouse, mod

@ solpoalscript.mod
warehouse. mod

H=1 marehonsecrlevEikars mod

I Examinador 52

0= Variables | © Breakpoints

|

Nombre Walor
&6 Datos

7 Wariables de decision

2 Expresiones de decision

%Y Restricciones

@ Postprocesando datos

Propiedades Yalor

[2 Protiems | =) Registro de guiones |F= Soluciones | 52 Carfiictas

Estadistica
= Cplex
Restricciones
= Yariables
Binary
Coeficientes distintos de cero
= MIP
Obijetiva
Principal
Nodos
Modos restantes
Iteraciones

@ 1 items selected

Center hIDE

Run  Window Help

| m - 3 f=Re
tsst‘mud OPL-4109.mod @ IloPivot TablePercentageH Openyiew.java m Customaction.java 22 =a
package action; ~
& ®import ilog.odm.datasve.IloDataException;[]
public class extends IloCustomlctionHandler{
static private final String workerServiceTechUserName = "workerService™:
public Customiction{TloODMipplication application, IloCustomictionDescription
super (application, dese);
¥
@override
public veid registerMappings(IloMessageMapper wapper) {
mapper.registerictionfechod ("dodction®, "dokction®):
mapper.registerictionScaceMechod ("dobetion®™, MactionEnabled™)
¥
Boverride
public 3tring[] getSettcingsFilesi()
return new String[] {"customiction.xml", "InsertCustomlction.xml®™};
}
public String[] getResourceFiles() {
return new String[] {"customlction"}; -
) =
=
=
=
I =
* Test to use the processing service
=
public veoid dolctioni () { -

<

Téi Relajaciones (:.T Registro del motor

Estadisticas &5

% Perfilador

Yalor Mejor entera =—— Mejor noda
12,000
250 10,000
10051
50 8,000
200s0
6,000
1,448, 142857 4.000
1,480
141
)
1636

Tiempo (segundas)

: OPL Scalable data; (60%:)

5 | b ore |8 1ava : Trial mode
BE outine 52 ="
Bl e w7
#  action
import dedarations
CustormAction

_-,LF'F workerServiceTechUsertlame : ¢
et CustomaAction(HoCDMapplication
@ o registerMappingsiTloMessageMa
@ - getSettingsFiles()
@ a getResourceFiles() o
@ doAction2()
4 doAction()
@ doAction3()
8 makevalidCopyMame(TloScenatic

= @ . getDatalistensr(}
G“ new HoDatalistener() {...H
@  actionEnabled{action)

Solucién entera

E=F) &

00:00:01:60
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Decision Optimization

Displays using Simple Tables and Charts — out of the box

Bl Nurse Scheduling Demo - Nurses

File Edit Scenario  View ‘Window  Help
HE 846G R0 0@ AL PPEED # o
[l Murses Chart | 4k X
] Workspace 50 - Qualification
Mew Defaulk Scenario E — oualfication Pay Rate
é —— Pay Rate Seniatity
40 3
E — Seniority
Scenario Explorer 3
Mesw Defaulk Scenario fadl é
E SCenario comparison E
analysis 20 3
%a Goals % ]
% Reqguirements é
=-[Z0) Input Data 10
5[ staff
----- {7 skills
|?ﬂmneI ll-}etsy! Lecilia tincl\,fI Debbit  Slaria Sane’  Janice Joan ude’ Sutiet! l‘llancy.!' Micole  Patrick Sizanne ‘Wendie
----- 1 Day off Prct Table dl Prinimum Demand By Day | 4 v x| 2 s
=)-[1 Department — o d Consultation) » Filker is nat active. Displaying 32 rows
""" | DepartmEnFS B Consultation f Marme Semiarity Qualificatiors | Pay Rats
----- I Forced Ass@nlﬁnents - ] . e Anne 11 1 75 -
----- [ Demand By Shifts ] Isahelle 5 1 16
----- {7 Demand Pivet &rid p Bl 1 1 13
----- [] Demand By Shifts Pivok Table 20 - Pabrick 6 1 19 =
=[] Charts Suzanne 5 1 18
----- iy Murses Chart s Vickie 7 1 20
----- iy Minimurn Demand By Day Betsy = > 17 b
----- [llly Maxirmum Demand By Day Cathy > = 17
Rules = Cindy 5 z 21
Siclution — David 1 z 15
I:a. Department Assignments 5 Debhia 7 s 24
-} Worked Hours Gloria 8 z 25
I:_a. Assignments ~ T z z 17
< i’ | [ Monday  Tuesday Friday — Saturday = Sunday Julie & z 72 e
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Decision Optimization
Pivot Tables and Scenario Comparison — out of the box

o | SupplyDemand - Demands Pivot
Fil= Edit Scenario  Wiew ‘Window Help

B 848 $00 ra & PP @E

Demands Pivok

¥ Filter is not active, Displaying 320 rows by 25 columns built from 7,649 items in the source daka

Type %  PriceLlevel »  Maturity w

Q Demands Year % Month & Quarter & W
= 2007 ~
[=) Jan-07 = Feb-07 (= Mar-07 (=) #pr-07 [= May-07 (= Jun-07 = Jul-07 (=) Aug-07
Country © % Praduct % 5nn70y 200701 200701 2007Q2 2007Q2 200702 200703 2007Q3 B
o Argentina 2005 £ 67 13 63 5o 59 &0 51
3005 46 41 44 38 43 39 40 3€
6005 76 79 77 &3 78 79 &0 75

io Explorer

Adjustments 6265 110 10z 106 107 108 114 108 11z
i G676RS 85 100 (92 S0 97 99 10z 90 (94 i0c
Analysis
Input Data 6765 91 102 (94) 97 100 105 104 95(105) 10E
Products 005 35 40 (34) 35 36 33 35 33 2t
Market 9205 11 108 7 1z ] 7 9 7
{1 Countries 99ERS 43 54 80 (55) 55 &3 &6 57 £
77 Firm Orders 9965 % 95 110(105) ag 106 112 108 118
Bandit 1200 B Plart Month 5
EE Demand Chark |12 workspace = = =
- Bandit 12005 Samuany Scenaria Marginal Profit - Praduction Cost
Plants and Capacities Adjustment: $79886135.00 $16115995.50
. February ustments £ -
Irveritory Bandit 900 S March Baseline $79903019,00 $16117573 50 -
) . 5% increase of demand $83523400.00 1690011950 32,067 =+
Misc Eeli=ieid Tt 10% increase of demand $87225944.00 17700346 50 32,067
72 Baseli o . :
Solution CR3550 % A?;;'l?“ents 15% ?ncreasa of demand $90395608.00 13493467 50 32,068
I3 Allocation p—— 2 | Demand Increase scenarios | 0% increase of demand $94504322.00 18292499 50 32,067
o /o INCFEase of deman i It
) 5% incresse of demand | 5 f demand $95293795.00 2009045350 32,068

[ Production CR¥G00
[ Demand vs Allocation CR®E50
[ Inventory Results
[l Executed Sales

14) 10% increase of demand

o I mand
(2| 20% increase of demand
Endurao 350 “i] 25% increase of demand

[ Marginal Profit £3
|| Production Cost
BEF

Enduro 450 [ Demand-Supply
< Q 15% increase of demand fad E7
— = Analysis
-l Goals
» 4E7
ves R
Key colurn Description EL ZE7

=4 Input Data

[ Products 0ED

] Market

4 Plants and Capacities
-[2) Plarts Baseline

[=] Plant Month Capaities — o

[=) Bill OF Materisls

Relaxed requirements
Frozen values
Differences

Adjustments

increase of demand

@ Internal Components 10% increase of demand
il Plart Capacities 15% increase of demand
[E] Plant Product Costs
.
L @ Plant Product Caparitite w 20% increase of demand

13 25% increase of demand
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Decision Optimization

Planning levels

Design & long-term
planning

Tactical planning )

] ®

Decision aggregation

Time horizon

© 2013 IBM Corporation
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Examples of decisions

Equipment
set points

Decision aggregation

Equipment
scheduling

r
Production,
maintenance plans

Time horizon

6\\ Y
Plant & network design, &
capacity expansion :

Mid-term _
production Design & Ipngterm
targets planning

Tactical planning

] @

© 2013 IBM Corporation
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Decision Optimization

Impact of uncertainty

b4

Plant & network design, ¢
capacity expansion -

Mid-term _
production Design & Ipngterm
targets planning
/- " -
Production, Tactical planning

maintenance plans

Equipment
scheduling

Equipment
set points

Real-time
control

Decision aggregation

Time horizon

© 2013 IBM Corporation
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Decision Optimization IEEL @
Effect of data uncertainty on decision resilience o
P r'*-"‘...?{.x
(re-sil-ientt )
adjective \ri-'zil-yant\ ey
“‘Resilient” a . capable of withstanding shock without permanent ol
how decisions should be deformation or rupture
b . tending to recover from or adjust easily to sy
misfortune or change R
o /
“Veracity” ve-rac-i-ty?!
the data quality decision makers and noun \va- ra-se-té\
decision software often assume : truth or accuracy
) o un-cer-taint
Uncertain _ adjective \ an-'sar-ten\
the actual data quality : not exactly known or decided : not definite or fixed
. not sure : having some doubt about something

<~

Assuming data veracity in the face of uncertainty leads to decision
instability, as well as distrust in decision optimization technology.

© 2013 IBM Corporation
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Uncertainty Toolkit goals

2013 Joint Program between IBM Research and Decision Optimization

Goals

Increase customer solution resilience, reliability, and stability @)

"‘J/- S

Improve trust & understanding of optimization technology

Our approach

Leverage Decision Optimization & mathematical optimization to hedge against
uncertainty (e.g. uncertain demand, task durations, prices, resource availability)

A user-friendly toolkit as plug-in to Decision Optimization Center

5 steps to resilient decisions in the face of uncertainty

[

1. Define
decision model

e

2. Characterize
uncertainty

il

3. Generate
uncertain model

5. Analyze
trade-offs

© 2013 IBM Corporation
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Decision Optimization

Stable decisions, stable profits

Test examples
Supply chain planning for a motorcycle vendor
2% increase in profits vs. deterministic optimization
Inventory optimization for IBM Microelectronics Division
Greater than 7x increase in feasibility vs. deterministic optimization

Case studies
Energy cost minimization for Cork County Council
Estimated 30% value-add in cost reduction vs. deterministic optimization
Leakage reduction for Dublin City Council
Estimated 10 times increased stability vs. deterministic optimization

Other benefits
Automated toolkit reduces dependence on PhD-level experts & statistical data
Visualize trade-off between multiple KPIs across multiple scenarios and plans

© 2013 IBM Corporation
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Example use cases for the Uncertainty Toolkit o

Industry Typical company Problem type h > &

Government Government agencies Project portfolio management k -.

Tourism Hotel operators, Airlines Revenue management r -

Transport Railroads Railroad locomotive planning

Transport Supermarket chain, cement Delivery / pick-up truck routing 3

Utilities Electricity company Production planning

Utilities Water company Tactical reservoir planning

Utilities Water company Water distribution network configuration

Utilities Electricity company Unit commitment

Utilities Water network operators Pump scheduling

Utilities Water network operators Pressure management

Utilities Electricity company Energy trading

Oil and gas Oil company Vessel scheduling

Manufacturing Manufacturer Operational project scheduling

Manufacturing
Manufacturing
Manufacturing
Supply chain
Supply chain
Supply chain
Supply chain
Supply chain
Supply chain
Commercial

Finance

Car manufacturer
Aircraft manufacturer
Car manufacturer
Manufacturer
Manufacturer
Manufacturer, oil&gas
Manufacturer, oil&gas
Manufacturer
Manufacturer

Banks, insurance, TV
Banks

Manufacturing line load balancing
Plant assembly

Sales and operations planning
Contractor to transport leg assignment
Product to store allocation

Inventory optimization

Supply chain network configuration
Procurement planning

Emergency operations planning
Marketing campaign optimization

Collatera! 2!location ion



Decision Optimization IER G
5 steps to resilience with the Uncertainty Toolkit <
P - Create optimization model with IBM CPLEX Studio

* Some modeling skill required, or existing assets [
[deC'Slon model ] « Embed in IBM Decision Optimization Center e Y
“Steve” the IT expert, &
“Keith” the OR consultant gr . .*j; >

. : Ly

2. Characterize OR consultant’s “wizard”: 7 screens o (@
uncertainty -

|

Defines uncertainty, scenario generation, risk measures  “/
3. Generate
uncertain model

Built-in automated reformulation, based on steps 1 and 2
No modeling knowledge required
* “Robustification” (make the original model robust to change)

« Business user’s “wizard”
« Automated solution generation
« Automated scenario comparison

“Anne” the business user
5. Analyze «  Built-in visual analytics
trade-offs « Analyze KPI trade-offs across multiple plans & scenarios

© 2013 IBM Corporation
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Uncertainty Toolkit: automated reformulations

Single-stage penalty approach
(Mulvey et al., 1995)

Two-stage penalty approach
(Mulvey et al., 1995)

Multistage Stochastic
(e.g. King & Wallace, 2012)

Safety margin approach with
ellipsoidal uncertainty sets
(Ben-Tal & Nemirovski, 1999)

Safety margin approach with
polyhedral uncertainty sets
(Bertsimas & Sim, 2004)

Extreme Scenario approach
(Lee, 2014)

Distributionally robust reformulation
(Mevissen et al., 2013)

MILP

LP
MILP

LP
MILP
LP
MILP

LP
MILP

LP
MILP
LP
MILP

LP (or QP)
MILP (or MIQP)

LP (or QP)
MILP (or MIQP)

LP
MILP
QCP
MIQCP

LP
MILP

LP
MILP
LP
MILP

Scenarios (finite)

Scenarios (finite)

Scenarios (finite)

Range

Range

Range

Scenarios

’i"

'ﬁ.- \..

No uncertain data in objective
function

No uncertain data in objective
function

None

No uncertain data in standalone
parameters or
equality constraints

No uncertain data in standalone
parameters or equality
constraints

No uncertain data in variable
coefficients

Uncertainty in standalone
parameters handled as penalty
term in objective

© 2013 IBM Corporation
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Uncertainty Toolkit: automated reformulations

Single-stage penalty approach LP (or QP) Scenarios (finite) No uncertain data in objective 7
(Mulvey et al., 1995) MILP MILP (or MIQP) function io
Two-stage penalty approach LP LP (or QP) Scenarios (finite) No uncertain data in objective %
(Mulvey et al., 1995) MILP MILP (or MIQP) function

Multistage Stochastic LP

(e.g. Kin

Scenarios (finite) None

Safety m ndalone
ellipsoid

(Ben-Tal

Safety margin approach with LP LP Range No uncertain data in standalone
polyhedral uncertainty sets MILP MILP parameters or equality
(Bertsimas & Sim, 2004) constraints

Extreme Scenario approach LP LP Range No uncertain data in variable
(Lee, 2014) MILP MILP coefficients

Distributionally robust reformulation LP LP Scenarios Uncertainty in standalone
(Mevissen et al., 2013) MILP MILP parameters handled as penalty

term in objective

© 2013 IBM Corporation
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Decision Optimization
Uncertainty Toolkit Decision Tree (automated)

[ Select the uncertain data item(s) ]

Is the uncertainty represented as
Q) (1) a set of scenarios, or (2)
(2) a data range?

Can some decisions change when you Yes Yes Is the uncertain data item
know the outcome of the uncertain data? a variable coefficient?

Select a risk measure to optimize:
(1) Expected value Do you have correlated Do you want to work with

(2) Worst-case performance uncertaln data items? a budget of uncertainty?
(3) Conditional Value at Risk

Can some constraints
be violated?
| No I

For these constraints, do you want to use:
(1) Chance constraints (i.e. chance of violation < 5%)
(2) A violation penalr\ty?

© 2013 IBM Corporation
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Decision Optimization
Uncertainty Toolkit Decision Tree (automated)

Select the uncertain data item(s)

\’

Is the uncertainty represented as
Q) (1) a set of scenarios, or (2)
(2) a data range?

Can some decisions change when you Yes Yes Is the uncertain data item
know the outcome of the uncertain data? a variable coefficient?

Select a risk measure to optimize:
(1) Expected value Do you have correlated Do you want to work with

No (2) Worst-case performance uncertaln data items? a budget of uncertainty?
(3) Conditional Value at Risk

Can some constraints
be violated?
| No I

For these constraints, do you want to use:
(1) Chance constraints (i.e. chance of violation < 5%)
(2) A violation penalr\ty?

© 2013 IBM Corporation
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Decision Optimization
Example: Automated model reformulation for stochastic CP

18

19dvar interval task[i in 1..n] size TaskDuration[i]; Input: Deterministic model
20 dvar sequence seq in task types all(i in 1..n) i;

21dexpr int station[i in 1..n] = startOf(task[i]) div c;

22

23minimize l+max(i in 1..n) station[i]; Automated model reformulation

24 subject to {

25 noOverlap(seq, Setups);

26 forall (p in Precedences)

27 endBeforeStart(task[p.pred], task[p.succ]);
28 forall (i in 1..n)

29 station[i] == (endOf(task[i]) - 1) div c;
30};

31 |

Output: Stochastic model

39

40 dvar interval task[i in 1..n][s in Scenarios] size TaskDuration[i][s];

41 dvar sequence seq[s in Scenarios] in all(i in 1..n) task[i][s] types all(i in 1..n) i;
42

43 dexpr int station[i in 1..n][s in Scenarios] = startOf(task[i][s]) div c;

44

45minimize sum(s in Scenarios) Probability[s]*(1 + max(i in 1..n) station[i][s]);
46 subject to {

47

48 forall (s in Scenarios) {

49 noOverlap(seq[s], Setups);

50 forall (p in Precedences)

51 endBeforeStart(task[p.pred][s], task[p.succ][s]);
52 forall (i in 1..n)

53 station[i][s] == (endOf(task[i]l[s]) - 1) div c;
54 }

55

56 forall (s in 1..(S-1), i in 1..n) {
57 typeOfNext(seq[s], task[i]l[s], -1) == typeOfNext(seq[s+1], task[i][s+1], -1);

IBM Confidential © 2013 IBM Corporation



Decision Optimization

Uncertainty Toolkit architecture

OR Consultant

Business User

Model Editor

Consultant's
Development
Wizard

Development Core

Uncertainty management
Scenario and data import

Business Master
Data Repository

Toolkit Repository

Scenario database
Metadata

Solutions and KPls
Recipes
Optimization models

Business User’s
Wizard

Business User’s
Visual Analytics

Control Panel

3rd Party Tool
(optional)

Production Core

Optimization

Automated model reformulation
Performance measurements
Scenario management
Scenario and data export
Scenario reduction and
generation

API

A

Optimization Server
(optional)

-
~

I
@I
\

© 2013 IBM Corporation
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Decision Optimization

Case study: Water treatment/distribution energy cost reduction @\

* Big picture: Cork County Council must reduce energy consumptlen :
by 20% by 2020 ;_
« 95% of this utility’s water-related energy costs due to pump L Gt

operations

 New dynamic energy pricing schemes leverage renewables (wind
energy)

« Trade-off: Cleaner energy at lower prices, but uncertainty in price

due to
* Wind uncertainty
* Network outages
» Other weather conditions

« Goal: Schedule pumps leveraging dynamic prices, while hedging
against uncertainty in price prediction

© 2013 IBM Corporation
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Decision Optimization
Simplified network (illustration purposes)

Goal: Optimize pump schedules to minimize (uncertain) energy costs while
meeting demand and respecting plant and network constraints*

H i
Id

19

Water
source

* Based on Cork County Council’s Inniscarra network

© 2013 IBM Corporation



Decision Optimization HEE R
Uncertainty in price prediction o
S ST
Forecasted (D-1) post ante price from supplier *
— Considers forecasted demand based on weather, special events, wind, etc. *" :
Actual (D+4) price charged 4 days after the event -y =
— Forecasted (D-1) and Settled price (D+4) can differ due to changes in predicted wind f! 45

energy availability, weather, and unpredicted grid events

€/MW

80 -

70

60

50

40

30

20

10

SMP Energy Pricing Event
8th May 2011

e

Date:Hour

—e— D+4 Actual Price —e— D-1 Forecast Price

Question:

Should utility switch
to a dynamic pricing

scheme?

Step 1: Prove
dynamic pricing

benefits

Step 2: Prove
optimization benefits
Step 3: Deal with

uncertainty

© 2013 IBM Corporation



Decision Optimization

Step 1: Define decision model

= Define objective, decisions, constraints (mathematical modeling skill required)
— Objective: minimize energy costs from pump operations
— Decisions: when to switch pumps on/off (decided every 30 minutes for 24 hours in advance)
— Constraints: satisfy tank levels, pump operation rules, customer demand, network constraints

= Model using CPLEX Studio, assuming certain data (“deterministic” model)

<} IBM 1LOG CPLEX Optimization Studio
File Edit Navigate Search Run Window Help

i - alew B -izz i %-Q-Bi-Q-|m - o~
@ OPL 2 %¥ Deb =8 PumpScheduhng.mod £3 PumpScheduling_Stochastic.mod PumpScheduling_Robust.mod =g %)= 0
= = 9% = sum(d 1IN days; EC 1IN ISSSIvOIITargecTanks : d.0ayUILMONtH —— IJ 7~ L1X C4lkS to De Subsst =7 i o
5 = = 95 initialTankLevels[d] [rt.tankId];

= PumpScheduling_opl 96 /* target deviation of tank levels*/ L
3 Run Configurations 97 dexpr float targetDeviation[rt in reservoirTargetTanks] [t in periods] /* fix tanks to be subset */ <& TDays (PumpScheq =

pump_scheduling_od 98 = sum(d in days: d.day0fMonth == ce (t.periodId/parameters.numPeriodsPerDay)) <i* TFrozenPumps (Pu

PumpScheduling_odr 9 reservoirTargetLevels[d]l [rt] - level[rt.tankId] [t]: <> TOperatingRateBo

PumpScheduling_Rotk:
PumpScheduling_Sto
PumpScheduling.mac
ae) PumpScheduling_odr)

<i» TParameters (Pum
1/* define the decision wvariable for the mini-max in the cbjective */
Zdvar floatt+ maxEnergyCost;

"Eexpr float hedgingInObjective = maxEnergyCost;

<i> TPeriods (PumpSct
<> TPlantProductionR

mn

<> TPumpOperation (
1 PumpScheduling_odr! <> TPumps (PumpSch
<i» TPumpToTank (Pui
<> TPumpToTankFlow
<> TRawWaterLevels |

* minimi th r cost! *
/* minimize e energy cos / <i> TRawWaterTankLe

<> TTankLewvels (Pumy

110 /* unmetDemand included as ODME Goals View KPI, but not optimized (therefore coefficient of 0) */

lliminimize energyCost * 0 + hedgingInCbjective + 0 * unmetDemand; <> TRawWaterTanks (

112 <+ TReservoirGains (P

113 <> TReservoirTargetD

114 <i» TReservoirTargetT:
5 <> TTanklToTank2 (P

<i> TTanks (PumpSche

JEEREE AR A A RR A AR A AR AR NK [ <> TTankTeTankClosu
120 /** hard constraints **/ <t> TTwinPumps (Pum _
121 R e e R R / T PP -
122
123 maxEnergyCost >= sum(p in pumps, t in periocds) (energyPrices[t] * (p.energyCoeff/2Z) * isOperatinglpl[t]): E Properties 2 =0
E Ll v 124 maxEnergyCost »= sum(p in pumps, t in periods) (gaussEnergyPrices[t] * (p.energyCoeff/2) * perating[p] [1 B .
E
P = ©=V| % B =38 125 maxEnergyCost >= sum(p in pumps, t in pericds) (svmEnergyPri s[t] * (p.snergyCoeff/2) * i rating[p] [t]] o val
v 126 maxEnergyCost »>= sum(p in pumps, t in periods) (krlsEnergyPr s[t] * (p.energyCoeff/2) * rating[p] [t rOper.. alue
= 127 //maxEFnergyCost >= sum(p in pumps, t in periods) (tempEnergyPrices[t] * (p.energyCoeff/2) * isOperatingl(p]
2

[
1

Name Value 3 L r

[Z Problems &2 = Scripting log £ Solutions | #= Conflicts| & Relaxations | 4, Engine log Statistics| “% Profiler| £ CPLEX Servers v =a
0 items

Note: When data is fairly certain, deterministic models are sufficient to provide significant benefit o

© 2013 IBM Corporation
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File Ed

il

Decision model in Decision Optimization Center prototype:
Predicted energy cost savings from pump optimization and (known) dynamic energy prices

o =] X

Scenarios Dverew

4 I

* Total 19% cost reduction

Next...deal with price uncertainty

[ INITIAL TANK LEVELS

B@ Solution

- [ TANKLEVELS

- [} RESERVOIR TARGET DEVIATIONS

17th July Optimal Schedule SMP+VAYL D+4

800

750

700

4

@ PUMP OPERATING SCHEDULE

Optimized schedule; dynamic prices

[ty VOLUME PUMPED

@ PUMP TO TANK FLOWS PIVOT VIEW
@ RESERWOIR. TARGET PIVOT VIEW

|7 MULTI_SCEMARIO COMPARISON VIEW
~[ljtg TANK LEVELS CHART

[ Plant Production Rate

hﬁ; Raw water levels chart

@ Daily Report: Predicted Storage/Produc) »
<| I | 2

17th July Actual Schedule SMPHVAYU D+4

Existing schedule; dynamic prices

17th July DayjNight Optimal Schedule

4

Optimized schedule; day/night prices

17th July Day/Might Actual Schedule

] ) [ MULTI_SCENARTO COMPARISON VIEW |
w 'nfhft.:rkspace ) ) _ Scenario energyCost W_J
= 16th July Day/MNight Optimal Schedule 17t iy Opinel Schecle SHPHAYU D44 T _ Lﬂa
2:; ngmE: ziej”:e || 272 1ty Actual Schedule smP+vArY D44 820,95 1l
SMP3 DEU’EZI sm:dﬂlz 172 2 Doxiott Cptine Schecse AL ==
| P4 Optinal Schedude 17th July Day/Night Actual Schedule 926.444 v
+ 17t iy Day/Nght Optimal Schedue \
o A Py gl Actal Schedule 5 = | Optimizing Switching Optimizing
I Py Energy cost dynamic to day/night
-~ =] 17th July SMP1 Actual Schedule 8950 - y . y g
LT . ; prices dynamic prices
- - T T ] rices
« Savings from dynamic pricing: 5.5% | *1 P
« Savings from optimization: 13.5% .

|Legend
=

||ksues

Existing schedule; day/night prices

fus

© 2013 IBM Corporation
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Step 2: Characterize uncertainty C

= Price scenarios, with likelihoods: G{ﬂ}@éﬁ* Lty
— From energy provider >_(;:__",~§-_f £550
b .Mvﬁ;-"}' e,
— From IBM Research forecasts @ [ EE
s
(J'z‘j 1 I | 1 1 1 I I 1 I ' ] v ' ) |
SVM(80%)
GPR(B5%)
04 - KRLS(78%) —— |
ESB(T779%) we—
0.35 | RF(23%) .
g EVO]::;?}]: —
< 3T Truth ee—
o
8 025 |- i
(]
9O
— 0.2 | -
a
0.15 .
0.1 | _
0.05 | .
0 1 1 1 1 1 | 1 1

Time of day (30 min increments)
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Decision Optimization
Step 2: Uncertainty Toolkit W|zard for consultant input (1

4 Uncertainty Toolkit: recipe manager & 5 Uncertainty Toolkit: recipe manager

Select uncertain data ftems (7] Select uncertain type

Select whether the uncertainty is captured as a data range, or by using discrete input

Available data items Uncertain data items data scenarios.

AVG_COST_BY PERIOD - LOADS
AVG_COST_BY_UNIT

IN_USE

MAINTENANCE RULES .

m

FROD_RULES

1. Select uncertain |ruroes

_TURN_OFF_RULES

data ors e || [ <ranos ]

METERS

@ Scenarios (discrete)

@ ODME scenarios

() Extract fi 5P55
PERIODS - e irom 2 . Se|eCt data
PRODUCTION _ H
RCTable_Maintenance Rule © Range scenarios VvsS. rangeS
RCTable_Max Time in Use |
RCTable_Must Run Rules
RCTable_Must Turn Off Rul _
l.ln:ertal meqewTe - Uncerfal
‘I'oolklf i s L} c ‘I'oolkli ty
Next Finish Cancel Finish Cancel

A Uncertainty Toolkit: recipe manager — |[=] ﬂh 4 Uncertainty Toolkit: recipe manager 3. Def'ne deClSlon

Select risk measures to optimize o Define decision stages StageS

How many decision stages are present in the model?For help on deciding on the o
number of stages, click the icon on the right

4. Select risk measures B
Use Optimize - :1 -
@ Expected value :2 =
TurnOn i -
(@] Worst-case outcome ; .
TurnOff _1 ~]
CvaR SpinningCapacitvTotal :2 -
ProductionTotal 12 -
SpinningReservelotal .2 -
Uncerful
Toolkll d ‘ll":tflek';';q'w




Decision Optimization

Step 2: Uncertainty Toolkit wizard for consultant input (2 of 23

4 Uncertainty Toolkit: recipe manager

SIS X

Constraints should

be

5. Specify constraint

() Feasible for all scenarios Satlsfaction
Select all constraint may violate:
meet_demand
[ min_generation c
[l oper max generation
] max generation
E  init ramp up
[ init_ramp_down
E ramp uwp
O ramp down
@ size B minu .

Next Finish

s Uncertainty Toolkit: recipe manager

A Uncertainty Toolkit: recipe manager

KPI Selection

Configure the KPIs to evaluate in this recipe

KPI #1: OBJECTIVE_VALUE
bhjective Value min problem?

KPLObjvar

KPL #2: INFEASIBILITY_MEASURE

T

|
e l/.l.:
L |
LS
Ny

6. Define KP

Infeasibility Measure

KPLExpectedInf

KFI #3: OTHER

SpinningTotal [] min problem?

U rtai
(T nssspeinty

SpinningTotal =

Cancel

= o |

F.3 Uncertainty Toolkit: recipe manager

Recipe Manager

l i Open recipes folder

l l ". Reload recipes list l

Recipe availables

2014/03/13 11:31
2014/03/13 11:27
2014/03/13 11:20
2014/03/13 11:29
2014/03/19 15:38
2014/03/19 15:54
2014/03/11 15:23
2014/03/13 11:31
2014/03/13 11:28
2014/03/11 14:20
2014/03/13 11:31

Name

Bental
Deterministic
Deterministic
Extreme Scenario
recipe

recipe

Robust
Stochastic 3
Stochastic Mulvey
Stochastic
Stochastic

Description Open Delete
new approach Open Delete
simple cross comparison  Open Delete
with 7 KPIs Open Delete
description Open Delete
description Open Delete
description Open Delete
Mulvey approach with 2+... Open Delete
Cvar Open Delete
mixed recipe Open Delete
With 2 + 3 kpis Open Delete
Worst case opt Open Delete

Uncertai
Teolkif y

8. Save your recipe for later use

Is there any strong correlation between the parameters?

7. Define correlation
(optional)

@ Yes, take correlation into account

() No, allocate budget of uncertainty (across uncertain parameters)

Uncertainty
Ut

FEinish Cancel

ion
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Decision Optimization

Step 3: Generate uncertain model

= Uncertainty Toolkit automatically generates the uncertain model(s) depending on choices
in Steps 1 and 2

A Uncertainty Toolkit: new run

Select a recipe . ,
= Uncertain models are typically classified as Business l(ster S
— “Robust”: hedging against worst case outcome(s) HilizEls
— “Stochastic”: optimizing for expected outcome(s) -
. . . B ° Robust optimization
— If choice unclear, use both & visualize trade-offs
@ © Stochastic optimization

B3 Scenario/solution cross-comparison

UT B

Step 4: Generate plans

Mext Finish Cancel

= Uncertainty Toolkit generates multiple solutions (deterministic, robust, stochastic)

= Uncertainty Toolkit automatically does solution-scenario cross-comparison
— What is the impact of change on each plan

© 2013 IBM Corporation



Decision Optimization

Automated plan
generation for
varying scenarios

| b %/ UT:minand max X | 4 b X

oy - Plan 'Forecast A' #- Plan 'Forecast B' Plan Forecast C' Plan 'Forecast D' Plan ‘Stochastic' ' /30 | Retrospective view for 'Forecast A'
TG T Plan ‘Robust' { G \ /1\
Forecast C 520 - et zoom
Forecast D H g F
skt o Reduced risk due to o Scenario drill-down
Robust ] i i (
Forecast A (Plan 'Forecast B') d StOChaStIC / rObUSt / . | Seenario/solut anaIySIS eg * beSt
Forecast A (Plan 'Forecast C') 480 SOI utions i . and Worst Case)
Forecast A (Plan 'Forecast D') — the energy pric
Forecast A (Plan 'Stochastic') % 460 4 Help
Forecast A (Plan 'Robust') = 2
Forecast B (Plan 'Forecast A') o Zoum: clck & hold
Forecast B (Plan 'Forecast C') |2 + 440 Ief o'm"
Forecast B (Plan 'Forecast D') 8 P,";”" S
Forecast B (Plan 'Stochastic') > 4204 ;:gfn f::_’: A
Forecast B (Plan 'Robust’) = N\ st
Forecast C (Plan 'Forecast A') qc) 4004 ?;Zo: d:a:zf
Forecast C (Plan 'Forecast B') w
Forecast C (Plan 'Forecast D') H
Forecast C (Plan 'Stochastic') 3801 Plan Comparlson Forecast A
Forecast C (Plan 'Robust') 1
Forecast D (Plan :Forecast A') 360 ! across scenarios Stochastic
Forecast D (Plan 'Forecast B') I Forecast A (Plan 'Forecast D')
Forecast D (Plan 'Forecast C')
. ; 340 T T 1
Forecast D (Plan ‘Stocha'stlc) Eorecact/A Forecast B : % Forecast C Forecast D Forecast A | Forecast B | Forecast C; Forecast D
Forecast D (Plan 'Robust) - Scenarios -

« m )

Trade-off analysis across scenarios

UT: objective values x | UT: sensitivity of objective value across scenarios X |

: Scenario Explorer 8 X L
Forecast A

& [ Analysis Plan Forecast A Forecast B Forecast C Forecast D Average Worst

# 1 Input Data Plan 'Forecast A’ 484.8 361.9 499.4 484.1 457.6 499.4

# 3 Solution = Plan 'Forecast B' 489.7 357.0 514.7 490.5 463.0 514.7

= % UT: Uncertainty Toolkit | |Plan 'Forecast C' 493.6 400.9 4306 481.1 453.8 493.6
UT: dashboard Plan 'Forecast D' 498.8 419.9 451.4 475.1 g 498.8
UT: logger Plan 'Stochastic' 486.8 377.6 o a2 e
UT: solution cross comparison Plan 'Robust’ 486.1 366.3

g ( Best average
performance
(stochastic model)

T nhiective values
’ m

= I Pump scheduling use case: Best worst-case
Value-add from Uncertainty Toolkit performance

~ 30% improvement in energy cost reduction UVObUSt model)

priority: <none>

poration




| ||
(A
lIn
i
I
I’
VA%
o L .

Decision Optimization

Example: pressure management in water distribution networks ® 14

 Problem: Leakage (non-revenue water) leads to
5 — 60% of treated water lost
« Existing solution:

« 1% pressure reduction ~ 1% leakage reduction

* Place and set pressure reducing valves to
minimize leakage for given demand pattern
(deterministic plans)

 New challenge: demand uncertain

Dublin’s Chapelizod network:
optimal robust valve placement

* Unexpected short large draw-offs by industrials
* Variations depending on time of day / week

* Deterministic plans not robust — often infeasible
& sub-optimal when demand changes

* Uncertainty Toolkit creates robust plans

« Stable (robust) valve settings / placement (no
need for frequent changes as demand changes)

« Leakage reduction across demand scenarios

— Pipe

Elev. Contour
Existing Valve
1 New Valve
2 New Valves

© 2013 IBM Corporation
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Decision Optimization
Benefits of Uncertainty Toolkit — pressure management use case

S ™\ i
Uncertainty Toolkit - Pressure Management - UT: Matrix View |i|%
© File Edit Scenario View Window Help . Tous
B Ol W R 6 LR = ] ARl LGS el _
/DUT: Control Pane! WUT: Run Yiew }»UT: Robust Yiew }/DUT: Spider Yiew §/DUT: Matriz View x ] 4k x

run (Tue Sep 24 23:47:59 BST 2013)

MulveyRobust_0.01
MulveyRobust_0.02
MulveyRobust_0.04
MulveyRobust_0.08
MulveyRobust_0.16

MulveyRobust_0.32 —

MulveyRobust_0.64 det_scenario_94.dat - Objective Value: 510.0

MulveyRobust_1.28
MulveyRobust_2.56
MulveyRobust_5.12
MulveyRobust_10.24

det_scenario_1.dat

det_scenario_2.dat IIIII
det_scenario_3.dat IIIII

det_scenario_4.dat
det_scenario_5.dat
det_scenario_6.dat
det_scenario_7.dat
det_scenario_8.dat

det_scenario_9.dat

det_scenario_10.dat

N\ —Uncertainty Toolkit generates stable

N\ ——  plans across scenarios, by hedging

“What-if” plans could become unstable against uncertainty
when data changes

© 2013 IBM Corporation
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Decision Optimization
Benefits of Uncertainty Toolkit — pressure management use case

9
ncertain 00 i( \ |=| &‘
e \Water network . . . . o i
.| demand Y | UT = Uncertainty Toolkit plug-in to ODM Studio —
i Scenarios Overview Scenarlos P‘WD\WI V4 b ox
Y, S — Greater area covered = better T
— Average leakage reduction 2 ins!
E— Z [ RobustPlanA yo lzelien Blue (robust) plan wins
= (5] evaluation RObUStP|anJ :
B et [ peterministicPlan_2
2:::?2::::2:? D - Type Plan filter:
det_scenario_4 @ Deterministic
det_scenario_5 "
—— Stability of leakage reduction . - Worst-case infeasibility . f,tnm
= det_scenario_8 ¥ Plan filter:
i Prigeosigd B g RobuctPlant
F det:scenarin:ll g x RobustPlanB
i Scenario ! 2 RobustPlanC
<select st RobustPlanD
Robust plans = most stable S Robuslane
(~ 10 times more stable than /\“’ ! sl
deterministic (current state)) R sl
RobustPlanI
V| RobustPlan]
RobustPlank
Worst-case leakage reduction Stability of hydraulic feasibility e 2o
.
DeterministicPlan_5.dat
Average infeasibility Robust plan = best ]
e Robust plan = best performance _ performance in average case —
Description In WOrSt Case Location

Ready

Pressure management use case:
Water network operational decisions 10 times more stable than current state,
continue to perform well when data changes (i.e. “robust” plans)

-ation



Decision Optimization
Benefits of Uncertainty Toolkit — pressure management use case

Uncertainty Toolkit - Pressure Management - UT: Robust View

i File Edit Scenario View Window Help

il 8 R D) e L 8 e ]

S L 1 = M1

i Scenarios Overview o B x /DUT: Contral Panel §/DUT: Run Yiew §/DUT: Spider Wiew §/DUT: Robust View x 4P X
Scl 123 scenarios = Robustness VS Objective of feasible scenarios
Name run (Wed Sep 25 01:37:02 BST 2013)
- 100N
0] UT Set 2 ® RobustPlans
-] evaluation ee & e
T y @ FRobustPlang
=| OeL — <P Rl Lol
| det_scenario_2 © RobusiPlarD
| det_scenario_3 8 Low cost, but fragile O Rl
] det_scenario_4 @ o O RobustPlanF
| det_scenario_5 @ RobustPlanG Help

| det_scenario_6
| det_scenario_7
| det scenario 8

O REEVEHERT: Each point represents the objective
QLoD 0000 O RobustPlant value of FEASIBLE scenario for each
60 O RobustPland solution.
RobustPlank Many points means more robust
solition

¢ Scenario Explorer B

| <select o>
select scenario DeterministicPlan_1.dat

®
&
& DeterministicPlan_2.dat
<> DeterministicPlan_3.dat
&
o

Robust << % infeasible scenarios >> Fragile

4 O30 O (@] DeterministicPlan_4.dat Filter using plan type:
DeterministicPlan_S.dat
(e10] Deterministic
ando O @ Robust
D
a0 4 o Q
- _Emes e Low cost and robust _ I Reset zoom
| crm o Robust, but high cost
aITo O @O 000 ‘
0 47 T T T T T T T WL
500 550 600 650 700 730 800 850 \ #
Better << Objective values >> Worse
: Issues a2 X
Description Location
Ready

Visualization of trade-off: robustness vs. cost

© 2013 IBM Corporation
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Benefits of Uncertainty Toolkit — pressure management use case

|=-|ﬂ.&

Uncertainty Toolkit - Pressure Management - UT: Cross Comparison View
EE\E Edit Scenario View Window Help
el ) O e A 68 el S0P - s [

/>UT: Control Panel 5/[>UT: L. i
Determlnlstlc plan(S) Solution-scenario cross-comparison plot

qUICkly InfeaSI ble for run (Tue Sep 24 23:47:59 BST 2013)
alternative scenarios, high
cost per additional scenario | esmnss s

/ Deter ministicPlan_2.dat

DeterministicPlan_3.dat
DeterministicPlan_4.dat
DeterministicPlan_S.dat

=60 RobustPlana

RobustPlang

RobustPlanC

RobustPlanD

0] RobustPlanE

—&- RobustPlanF

RobustPlanG

RobustPlanH

RobustPlanl

404 RobustFlan

RobustPlank
20 A
020

510

500 T T
30 40 50 a0
B

Ready

o

Help

- Sorted: for each plan, the scenarios
are ranked first according feasibility
and then according to objective
values achieved (for feasible
solutions only). Lower objective
values mean better solutions. Long
lines mean more robust solutions

- Unsorted: for each scenario it is
possible to compare the cost accross
different plans.

Select the type of cross comparison:

Unsorted
@ Sorted

Filter using plan type:

/| Deterministic

¥| Robust

Reset zoom

Robust plan(s) feasible for most
scenarios, at minimal cost increase
per additional scenario

Effect on feasibility (robustness) by increasing cost

© 2013 IBM Corporation
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Decision Optimization

Example: Unit Commitment

The Unit Commitment Problem

3 types of power generators (units)

Gas

Power
Demand

Diesel

Business goal: Determine production schedule that
minimizes startup cost + fuel cost + ecological cost (due to CO2 emissions),
while satisfying demand

© 2013 IBM Corporation
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Unit Commitment Problem

‘\.1
pas 24
Given Type T = ~Mame T v oo Operations Cost Fixed Start Up Cost Linear Start Up Cost CO2 Cost g
= Coal COoAL_1 $22.536 45,000 $205.607 $30
. . . )
. Power generation units with COAL_2 $31,985 $4,550 $117.372 $30 ‘fg
; ' ! ) DIESEL 2 $40.522 $554 454,551 $15 =
- Operational properties (capacity, ramp) DIESEL 3 $116.331 4300 479,638 $15 5,,
- Demand over several periods DIESEL_4 §76.642 $250 $16.259 $15 5
) ) . . GAS_Z 69 $1,291 $172,754 45
«  Which units to use (unit commitment) 653 432,146 $1,260 495,353 55
. How much to produce (dispatch) GAS_4 $54.84 $1,105 $144.517 45
such that
- Demand is satisfied | il
. Operational constraints are satisfied S A (i (R ey
. Total cost is minimized i i I L e
... March 2014 — -
REE ey O M ed1z [Thwis [Fritls [5=t | ol m i}
@ COA...ITOALL 1 Egzgﬁ
(3 COA...|COBL_2 1 Lo :
G As_1[EAS_1 1
- (@ GAS_2|GAS_Z 1
(@ GAS_3 |[GAS_3 1 17904
G GA5_4 [GAS_4 1
- (@ DIES.. [DIESEL_1 1 1,000
- DIES.. [DIESEL_2 1
5 DIES.DIESEL3 |t
5 DIES..DIESEL4 |1 1
-

© 2013 IBM Corporation
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Unit Commitment Problem — Stochastic Version

Problem: How to deal with uncertain loads?

NN W
I

Question:

. Is the dispatch plan still feasible under a
slight perturbation of the load?

Stochastic Programming Approach

. Separate decisions into stages to be able to
“react” to uncertainty

Decision Stages AN e
. Stage 1: unit commitment Y
. “Here-and-now” decisions | Il ECEIL LKLY Iad

. Stage 2: dispatch
. “Wait-and-see” decisions

{... March 2014
owied 12 [Thu s Fri 13 Sk 15

Mame jinj Qly

G coa... lToAL_L
- G COp..|C0AL 2
-~ @ GAS_L [GAS_L
- (3 GAS_2 [GR5_2
- @ GAS_3 [GRS_3

- (@ GAS_4 [GRS_4

- { DIES...DIESEL_1
3 DIEs...DIESEL 2

- (@ DIES...DIESEL_3

- { DIES...DIESEL_4

© 2013 IBM Corporation
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Step 6a: Inspecting the results: Table View

UT: Cankral Panel VLIT: Fium Yigw §/UT: Table Yiew l

Solution-scenario cross-comparison table
anne-stochastic-8scen-randarm0. 1 (Fri Mar 14 00:55:35 CET 2014)

Select the KPI to show: | Objeckive Yalue -

Table cell width: a0 =

scenario_0 scenario_1 sSCenario_z SCenario_3 sCcenario_d9
Stochastic Plan 1.261418013E7 1.269058465E7 126671521667 1.25511859E7 1.264070359E7
Deterministic Plan scenario_0 1. 2600330477
Deterministic Plan scenario_1 1.267959751E7
Dreterministic Plan scenario_2 1.265525409E7
Dreterministic Plan scenario_3 1.253091733E7
Deterministic Plan scenario_4 1,2627206859E7

Deterministic Plan scenario S
Deterministic Plan scenario_6

Deterministic Plan scenario_7

m»  Stochastic Plan is feasible for all scenarios

sCenario_S SCenario_g sCenario_7

1.267165055E7 1.265699715E7 1.26:2302906E7

1.265728358E7
1.264521643E7

1.261238517E7

= Deterministic plans are only feasible for “their” scenario

© 2013 IBM Corporation
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Step 6b: Solution-Scenario Cross-Comparison K2

1.32E7 Select KPI to display:
ibjective Yalue P
1.3E7
Help

Sovbed: For each plan, the scenarios are
ranked first according Feasibility and then
according ko objective walues achieved (For
feasible solutions only), Lower objective
walues mean better solutions. Long lines mean
mote robusk solutions

Unsorted: For each scenario it is possible to

1.23E7

% Q = E compare the cost accross different plans,
= =
» H g
E 1.26E7
8 0 ;
T i B
4 & Deterministic Plan scenario_0 sl EIE LR
& Dekerministic Plan scenario_1 Sorted according to performance
1.24E7 £ Deterministic Plan scenario_2 @ Sorted according ko scenario number
A Deterministic Plan scenario_3
Filt i lan t B
| & Deterministic Plan scenario_4 e
& Deterministic Plan scenario S | Deterministic
{ 2767 - & Deterministic Plan scenario_a 7| Robust
& Deterministic Plan scenario_7 71 Stochastic
O stochastic Plan

Q Reset zoam
1.2E7

T T T T T T
1 2 3 4 5 &} 7 g

Evaluation scenarios

© 2013 IBM Corporation
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Step 6¢: Cross-Comparison: Spinning Capacity

270,000

265,000

260,000

255,000

250,000

245,000

Ok bk FFIEFILERFPEBPE

Fi

Deterministic Plan scenario_0
Deterministic Plan scenario_1
Deterministic Plan scenario_Z2
Deterministic Plan scenario_3
Deterministic Plan scenario_4
Deterministic Plan scenario_S
Deterministic Plan scenario_é
Deterministic Plan scenario_7

Stachastic Plan

I
4

T
5

Evaluation scenarios

Select KPI to display:

SpinninoCapacity Tokali -

TR

Help

Sovred: For each plan, the scenarios are
ranked first accarding Feasibility and then
according to objective values achieved (Faor
feasible solutions only), Lower objective
values mean better solutions, Lang lines mear
rmore robust solutions

Unsovbed, for each scenario it is possible to
compare the cost accross different plans.

Type of cross comparison:

Sorted according to performance

@ Sorted according to scenario number
Filter using plan type:

o | Dekerministic
| Riobust

| Stachastic

‘ Q Reset zoom
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