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1. Introduction
History.

Methodology. Models.

2. Linear programming
Applications.

Simplex algorithm.
Sensitivity analysis.
Integer programming.

3. Network analysis
Transportation problems.
Maximum flow problems.
CPM and PERT - Project management.

4. Inventory management
Deterministic EOQ models.
Probabilistic models.
Production management

5. Multicriteria decision aid

Methods.
Multicriteria decision support systems.
Group decision systems. @‘m
Applications.
/ e
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Models and Methodologies

Models
deterministic probabilistic
optimization | v
/ OR
OR solutions

\ M ethodol ogj
simulation v @




Some of the most widely used techniques
® Linear programming

Optimization under constraints
Production planning, scheduling, financial planning,
® Simulation methods

Simulate complex systems
Queueing

® PERT/CPM:
Complex projects management

® Network models

Transportation problems
® |nventory management

Reduce inventory levels and costs
JIT production management

on&jkal
8 By Bertrand Mareschal



® Statistical analysis

Summarize and analyze data.
® Multicriteria decision aid

|dentify best compromise solutions
When conflicting objectives are considered
® Group decision aid

Achieve consensus efficiently

® Dynamic programming

Repetitive (w.r.t. time) decision problems.
® Reliability theory

Reliability of equipments.
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Cohort/aggregate level/counts Individual level

Expected value,
continuous state,
deterministic

Markovian, Non-Markovian,
discrete state, discrete-state,
individuals individuals

Markovian, discrete state,
stochastic

1 Nointerac- Untimed Decisiontree  Simulated decision tree (SDT) Individual sampling model

tion allowed rollback (ISM): Simulated patient-level
decision tree (SPLDT)

2 Timed Markov model Simulated Markov model (SMM) Individual sampling model (ISM):
(evaluated Simulated patient-level Markov
deterministically) model (SPLMM) (variations as in

guadrant below for patient level
models with interaction)
16 @la
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C D

Cohort/aggregate level/counts

Individual level

Expected value, - - Markovian,  Non-Markovian,
continuous state, Markowgtndccrlllzg{i%te state, discrete state, discrete-state,
deterministic individuals individuals
3 Interaction  Discrete System dynamics  Discrete time Markov chain Discrete-time Discrete
allowed time (finite difference model (DTMC) individual event individual
equations, FDE) history model simulation
(DT, IEH) (DT, DES)
4 Continu- System dynamics  Continuous time Markov ~ Continuous time Discrete event

ous time (ordinary differential chain model (CTMC)
equations, ODE)

Individual event simulation (CT,

history model (CTDES)
IEH)

wr
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Queueing Theory -- Establishing policies for sending in resupply
aircraft to small airfields with maximum on ground (MOG) limits. For

example, the airfield at Haiti had a MOG of 3 C-5s.

Decision Analysis -- A recent study was completed that looked at
methods for considering the counter proliferation effects of weapons

of mass destruction when evaluating new systems.

Response Surface Methodology -- Using multiple runs of a large

theater-level model, Thunder, to build a response surface allowing

quick analysis of effects of changes in air apportionment. / AN
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An M/M/1 Queueing system

m P (exact 1 arrival in [t, t+At])= AAt
m P (no arrivals in [t, t+At])= 1-AAt
m P (1 service completion in [t, t+At])= pAt

m P (no service completion In [t, t+At])= 1-
LAt

m P (t) = P (# of customers Is n at time t)

Courtesy to Internet Information

-
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VSRR DT

P(t+At) =
P (t-+At) =
P(t+At) =
P (t+At) =

dr, (1)
dt

dRy)(t)
dt

Dn (t)ann (At) t I:)n—l (t)an—l,n (At) t I:)n+1 (t)an+1,n (At)
2 (Dage (At) + P(t)a, o (At)
P ()L~ ABE)(L- LAt) + Py, () ADE + P, (t)

P (H)(L- AAL) + B (t) it
(A + M)P (1) + AP _(t) + 4P, (1),

—AR (1) + 1R, (1)

Courtesy to Internet Information




IARRSE A TR
u u u H
g=lol=)
A A A A
dr, (1) _
G = (A WP () AR () + P (1),
dR (1)
s —AP (1) + 1P (1)
P.(0) = 1.0
Pn (O) = O’ n2z 1 Courtesy to Internet Information la
7 AN
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I u u /Mﬂ
P, = lm R (1) ST SN
0=-(A+u)p +AP + ub

0=-AF + uPF,

Courtesy to Internet Information
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m Kirchov’s current conservation law

Flow In = Flow out

m Py+P +.. . +P =1

Courtesy to Internet Information
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= (Mp)P,
. P,= (MW)P,
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Little’s Law

® The mean number of customer in a
gueueing system
L=AW W is the mean waiting time

Courtesy to Internet Information
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Example of Little Law

m The average waiting time for M/M/1 queue

W = 1/ u
1-p)

m Little Law also holds if we consider only the
gueue and not the server.

1/ u 1/ A

T amp T p)

ving,
Courtesy to Internet Information \
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State dependent M/M/1 Queueing

(1) H(3) u(n-1) p(n) p(n+1) HN+2)

@y (D @D

A(n-2)  A(n-1) A(n)  AX(h+1)

A(0) A1) A(2)

D — 1

C L & A=)
1
R0

Courtesy to Internet Information
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Performance Measure

m Mean Throughput of the queueing system
Mean rate at which customers pass through

Y =) u(n)P,
m Mean number of c?ﬁ%tomers In the queueing
system | = Z nP.
=1

m Mean time delay (using Little’s Law) inp
_L_ =7
W= =
m Utilization > u(n)P,
n=1 _
U:].'po .

Courtesy to Internet Information
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Example 1

Suppose interarrival time is 12 min and serviceetimml10 minutes per job.

A :1—12 jobs/min =5 jobs/hr =1—1O jobs/min =6 jobs/ hr

W = 1//,1 =W +i
A-p) ' u
_ _a_
s po =1~ (A1 1)
D
/ D



" S
M/M/1/N Queueing System

T

p,=(2 D p00<n<N
1 1_%
pO_ i(i)n _1_(1)N+1
n=0 ,U lu
-4 J
m Blocking probability | 0 p,=———()"
1_(_)N+1 H

Courtesy to Internet Infor mation Iu
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Example 2

Suppose interarrival time is 12 min and serviceetimml10 minutes per job.

A :1—12 jobs/min =5 jobs/hr =1—1O jobs/min =6 jobs/ hr

1-p 2
= 2
po 1+p Wq = 1_pp2
pe A
21
e

a1 @,,,,//
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MIM/L X 2
EHARER U 3
o 2= A
P{idle t =
{I e |me} Po 2/1
_ A
E(waiting M= (2¢-4)
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M/M/2

FiofRiEx M T FER
. 2U = A

P{idle time} P, = 20+ )

E(waliting time} W= N

T p(2u+A)2u- A)

44
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Example 3

Suppose interarrival time is 12 min and serviceetimml10 minutes per job.

A :1—12 jobs/min =5 jobs/hr =1—1O jobs/min =6 jobs/ hr

Al H20 1 -
. W, = = = = =0.0714 (/)
Two MIM/L: W= (o, o= 3=, " 14 Voo
A Au 1 :
L, =— = =(0.003 (jobs
9 22u-1 336 jobs) X 2
(1]2
. 3 1m I~
One M/M/2: W, = ,:1 , _ 12} R:E‘Dﬁzm(ﬂmuam
ueu+iAzp- A) i[z*l+i][z*i-i] L1
1wl 10 120 10 1z,
] 1250 125
— 3% —___* — ; ;
Ly =A% W, = —* = w0175 jobs

»ptimal,

a5 @.m//
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M/M/282M/M/1 x2 &) b8

M/M/2 V.S M/M/1 x 2
E(wainting_timen queug A < /
J- u(2u+ A)2u - A) u(2u-2)
_ _ 2L — A 21— A
P{idle_time} 20+ < YR I,
o Rlap? + 20~ 72) A4y -2)
Var(waiting_time) 2+ AV 2u-A) < 12 (2u- A
_ 16U’ —4uA* +28° | < 4
Vi
ar(system_time) ,u(2,u+ /])2 ( 20— /])2 (2,u— /])2
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% ProModel - Mfg_cost mod (Manufacturing Costing Optimization) - [Normal Run] =0 |
@ File Zimulation Options Information  Window Interact  Help _|ﬁ||5|

4 1 5[ o ]
System Totals

it is not always intuitively obvious that more operators result in jower product cost.
15 If the increase in staffing results in a disproportionately large increase in oulput,

Total Cogs more operators may be the right answer.
Rejects 7 This model shows the impact on product cost and output due to a variable number of

operators. If you run "mig_costpr” in SimRunner (under "Simulation>>SimRunner”)
Cost/iPart 14. 38 you will see an experiment that seeks the lowest cost per par.
Cycle time 36.20 ‘

33. 64
Avg Cycle
e L "I NC Lathe 1

WIP 20

Bearing Que

Receive

Inspect

i P [543 Probodel - Mte_costimo.. . =« KR MQ UL TroM
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%5 ProModel - Orders. mod (Order Processing Simulation) - [Normal Run] 18]
File gimulation Option: Inforomation Window Interact Help

Kl [»| | o023 =
| KAL-MART~—
This model was deveioped by: . ‘

The Model Buiiders, inc.
Ann Arbor, Michigan

Distribution Center

Full System Ctrl+1
Storage Ctrl+2
Labelling Ctrl+3
Order Processing Ctrl+4
Shipping Ctrl+5
Startup Ctrl+6
Statistics Ctrl+7

maaaa| Probodel - Ordersmod (.. W siml - <35
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%Prol-[odel - Logistcs mod {Tube Distributon Supply-Chain Example) - [Normal Eun]
File &imulaion Options Informstion Window Interect Help

_i&]xi
NI

| = _
Supply Chain - Tubtifars

+| | o040 ]
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Ispect
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0 n
[0y =17 Process Grades Threads
T lepest Howdestractue Test BLEDRY) Shp D DT
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Ship 0 hapector Compan
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Izpect Mowdesiracie Test
Recs e and Uskad
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Ear 3
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Inpe iy

Recs e and U oad
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Server
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An optimization model

Minimize
Penalty made by unsatisfied traffic aggregates
Subject to
Fixed resource (Limited Short Path bandwidth)
Traffic aggregate QDF budget must be satisfied
Allocate resource to traffic aggregates
Trading off QDF with bandwidth in each Short Path
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