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Sum
m

ary

D
esign vs. O

perations/control problem
s

�
Design: m

ake decisions once –
have to get it right

�
Operations/control: m

ake decisions iteratively –
w

e have recourse

O
perations/control problem

s

�
Open-loop and closed-loop problem

s are very different problem
s

�
W

hich factors im
pact (the m

ost) the quality of im
plem

ented (online) solutions?
Frequency of reoptim

ization, quality of m
odel, 

quality of uncertainty representation, optim
ality gap, horizon? 

�
W

hat can w
e do to obtain better solutions?

M
odel uncertainty and solve m

ulti-stage stochastic program
m

ing problem
?

Solve robust, adjustable robust optim
ization?

W
hat is a good enough

planning horizon?
Solve to optim

ality? 
Solve to suboptim

al solutions but faster? 



D
esign Problem

Exam
ple

�
A m

anufacturing facility is used for the production of chem
icals A and B

�
The capacity of the facility is 10 tons/year; 
Can be expanded up to 12 tons/year at $100,000

�
The dem

and for product A is expected to be constant: D
A = 4 ton/year

�
The dem

and for product B is uncertain: 
Three scenarios (analysts): D

B Low
= 4, D

B M
ed= 6 and D

B H
igh= 8 ton/year

�
Profit from

 sales: Drug A = $100,000/ton &
 Drug B = $200,000/ton

Should w
e expand the facility?

Calculations using expected dem
and

9
Expected dem

and:D
A = 4, D

B = 6 ton/year ⇒
N

o expansion

9
Expected profit:
�

If D
A = 4, D

B = 4 ton/year ⇒
P

A = 4, P
B = 4 ton/year ⇒

Profit = $1,200,000
�

If D
A = 4, D

B = 6 ton/year ⇒
P

A = 4, P
B = 6 ton/year ⇒

Profit = $1,600,000
�

If D
A = 4, D

B = 8 ton/year ⇒
P

A = 4, P
B = 6 ton/year ⇒

Profit = $1,600,000

9
Objective = E[Profit] –

Expansion Cost =
$1,466,667



D
esign Problem

Calculations using scenarios
9

Consider expansion because dem
and can be for B can be as high as 8 ton/year 

9
Scenarios w

ith expansion:
�

If D
A = 4, D

B = 4 ton/year ⇒
P

A = 4, P
B = 4 ton/year ⇒

Profit = $1,200,000
�

If D
A = 4, D

B = 6 ton/year ⇒
P

A = 4, P
B = 6 ton/year ⇒

Profit = $1,600,000
�

If D
A = 4, D

B = 8 ton/year ⇒
P

A = 4, P
B = 8

ton/year
⇒

Profit = $2,000,000

9
Objective = E[Profit] –

Expansion Cost =
1,600,000 –

100,000 = $1,500,000

Exam
ple

�
A m

anufacturing facility is used for the production of chem
icals A and B

�
The capacity of the facility is 10 tons/year; 
Can be expanded up to 12 tons/year at $100,000

�
The dem

and for product A is expected to be constant: D
A = 4 ton/year

�
The dem

and for product B is uncertain: 
Three scenarios (analysts): D

B Low
= 4, D

B M
ed= 6 and D

B H
igh= 8 ton/year

�
Profit from

 sales: Drug A = $100,000/ton &
 Drug B = $200,000/ton

Should w
e expand the facility?



Scheduling Problem

Heating
τ=2

Rxn
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τ=3

Rxn
B

τ=3
Raw

Int

AB

Rxn
C

τ=3
C

Packing A
τ=1

Packing B
τ=1

P
A

P
B

Packing C
τ=1

P
C

�
Facility: 2 heaters, 3 reactors, 2 packing lines; no storage

�
Dem

and: nom
inal = 30 kg for P

A ,P
B , P

C , sim
ultaneously, at every 18 tim

e steps;
uniform

ly distributed w
ith 50%

 uncertainty in dem
and m

agnitude; 
true dem

and know
n 12 tim

e points ahead
�

Prices: Raw
 0, Int1, {A,B,C} 5, {P

A ,P
B , P

C } 10
�

Total (sim
ulation) horizon 102 h

�
Rolling horizon length 36 h

β
M

AX =20 

β
M

AX =20 
β

M
AX =10 

Exam
ple solved w

ith (30 repetitions): 
�

Offline determ
inistic (nom

inal)
�

Offline robust
�

Offline stochastic program
m

ing (16 scenarios)
�

Perfect inform
ation

�
Online determ

inistic
�

Online robust
�

Online stochastic



M
ethod Com

parison

Closed-loop average costs
�

Offline determ
inistic:      

$160K
�

Offline robust: 
$350K

�
Offline stochastic         

$110K
�

Perfect inform
ation:

$30K
�

Online determ
inistic  

$85K
�

Online robust: 
$80K

�
Online stochastic:

$70K

�
Adding feedback brings the m

ost benefit
�

The choice of m
odel/m

ethod is secondary 



W
hat Else Can W

e D
o?

�
Stochastic optim

ization is (typically) com
putationally m

ore expensive

�
Can/should w

e solve a m
ore useful, and equally expensive, problem

? 
e.g., 

Determ
inistic w

ith longer planning horizon? 
Determ

inistic over a larger system
? 

�
Can/should w

e be doing anything else? 
e.g., 

Solve  a determ
inistic problem

 m
ore frequently? 
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Batch-size

U
ncertainty vs.N

ew
 Inform

ation

Experim
ent #1

�
Orders (12 tons M

2, M
3) due t=12, 18, 24, …

 
�

Use horizon H
= 16 h

(A)
Original schedule com

puted at t=0. 
(B)

Observation at t=5 →
 order due att=12 changes (+3 tons M

3) 
Re-com

pute
schedule -shrinking

horizon
(C)

At t=5 →
 order at t = 12 unchanged

Re-com
pute schedule -m

oving
horizon

Recom
puted (change in order at t=12)

Recom
puted (new

 order at t=18)

�
(A, C) m

uch m
ore different than (A, B)

(A)

(B)

(C)Accounting for new
 inform

ation can be m
ore im

portant than uncertainty 
⇒

Use m
oving horizon long planning horizon

N
ew

 inform
ation

Task1
τ = 2

Task2
τ = 2

Task3
τ = 3

$10/ton

$10/ton

Feed
M

1

M
2

M
3

Unit1

Unit2

Batch-size 5-10 ton

Batch-size 10-20 ton



Rescheduling Frequency 

1All open-loop solved to optim
ality.

2Each data point m
ean of 10 closed-loop runs (1 w

eek each).

Load: 50%
 of capacity

Load: 75%
 of capacity

Load: 100%
 of capacity

Orders: every 3 hours
Orders: every 6 hours

Orders: every 12 hours
Cost m

inim
ization

Load: 50%
 of capacity to 

m
eet dem

and,  
rem

aining capacity for 
extra sales

Profit m
axim

ization



�
Larger Dem

and Uncertainty (DU) increases closed-loop cost
�

Frequent re-optim
ization is beneficial for “tackling” uncertainty (nom

inal m
odel)

D
em

and U
ncertainty &

 Effect of Rescheduling Frequency
Order size 

Order frequency

Dem
and 

Uncertainty

Re-optim
ize 

every Δ
hour.



D
esign Fram

ew
ork for O

nline Scheduling M
ethods

�
Operations are alw

ays reactive (or have a reactive elem
ent)

�
Determ

inistic m
odels can “handle” uncertainty through feedback &

 re-com
putation

�
Re-optim

ize early and often (even if uncertainty
is m

odeled)
�

Question: w
hat constraints and objective  function w

eighs 
can w

e add to obtain
good closed-loop solution?

Com
putation technology

�
M

athem
atical program

m
ing; 

e.g., M
ILP-determ

inistic, 
M

ILP-2-stage stoch. program
.

�
Heuristics

�
…

Allow
able changes &

 constraints
�

Full re-com
putation

�
Full re-com

putation + safety stock
�

Partial re-com
putation: tim

e-shifting
�

… Re-com
putation trigger

�
Event; e.g., rush order arrival

�
Periodic predeterm

ined step
�

O
nline calculated step

�
Hybrid

Re-com
putation strategy

O
nline Scheduling 

M
ethod

U
ncertainty M

odeling
�

N
o uncertainty m

odeling 
(nom

inal determ
inistic) 

�
U

ncertainty m
odeling

e.g., robust optim
ization,

stochastic program
m

ing, 
…

Basic ingredients

Problem
 classes applicable to

�
Production environm

ent; 
e.g., m

ulti-stage, netw
ork. 

�
Processing features; 
e.g., setups, utility constraints. 

�
O

bjective function; 
e.g., m

in m
akespan, m

ax profit

Application

U
ncertainties/disturbances

that can be addressed
�

Dem
and

�
Task conversion coefficients

�
Processing tim

e variability
�

U
nit breakdow

ns
�

…


