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Plan for the Session

Thursday Afternoon (2:00 — 3:15)
 Overview of the SCREAM Game (20 minutes)
o Student Experimenting with Tool (15 minutes)
e Quick Status Check (10 minutes)
e Teams Develop and Submit Final Policy (30 minutes)

Thursday Afternoon (4:30 — 5:00)
e Discuss results and conclusions (30 minutes)
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Supply Chain Risk Evaluation and Mitigation Game

e Developed at MIT CTL from
2009 to 2012 e

« Based on project with a CPG et
manufacturing company

LEARNING HOw TO
MANAGE RISK IN
GLOBAL SuPPLY

e Dr. Mahender Singh & Dr. NETWORKS
Amanda Schmitt developed o A Mol

Lk

marnal bemapage www waevies semtmaia b

original simulation

e Dr. Yukun Liu enhanced and
ported it to Excel

e Dr. Shardul Phadnis improved
and created SCREAM 2.0

Stravegies for customer service level peotection under multi-echelon
supply chain dsruption risk

I
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Widget supply chain

« Each team runs its own Widget supply chain which consists of:

o Supplier: Receives raw material (RM) and converts into work-in-process (WIP)
* Plant: Converts the WIP into finished goods (FG)
o Distribution Center: Stores FG for delivery to customers

e You have control over the Plant and the DC, but not the supplier
e Demand for finished goods random and variable
« Conservative inventory policies at DC and Plant already established

\
CUSTOMER
) +—
@ Plant DC ~N(avg:100, std:10)
A J

BOM relationship:
[Safety Stock WIP FG:WIP:RM = 1:1:1.
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Widget supply chain

 How does a supply chain handle “normal” volatility?
 Demand or Lead Time Variability => Safety Stock

Safety Stock = ko,

Where: E(DLeadtime):E(L)E(D)
k = Safety factor :
0, = RMSE of Forecast O udiime = \/E(L)Glz) +(E(D)) o}
)
CUSTOMER
@ Plant - DbC A ~ N(avg:100, std:10)
A )

BOM relationship:
[Safety Stock WIP FG:WIP:RM = 1:1:1.
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Trade-Off between Lead Time & Safety Stock
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Widget supply chain

 How does a supply chain handle “normal” volatility?
« Demand & Lead time variability => Safety Stock

o What if the supply chain is severely disrupted?
e Supplier Disruption
e Manufacturing Disruption
 Distribution Disruption

. E ~
CUSTOMER
é '__>
@ Flant He ~ N(avg:100, std:10)
4 J

BOM relationship:
[Safety Stock WIP FG:WIP:RM = 1:1:1.
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Disruption mitigation strategies

CUSTOMER
~N(100, 102)

|

Safety Stléclﬂ: BOM relationship:

FG:WIP:RM = 1:1:1.

|

Mitigation ,/I
Strategies|

Backup inventory is
NOT safety stock,
but rather strategy

stock that can only be
used when there is/

are disruptions in the
upstream node(s).

Supplier

MIT
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Mitigation strategy

Mi

@ 2/
/
Y

tigation Policy Format

FG@DC / WIP@Plant / DC / Plant / Supplier

Example: 100/100/1/1/1

CUSTOMER
~N(100, 10?)

/
[ Safety Stock
/

Mitigation |
Strategies |
I

Backup
k Supplier

Backup inventory
« Any non-negative value
« Locations
« WIP: @ the plant
« FG: @ warehouse separate from DC

Backup facility
Choose (a) capacity level and (b) time to
become available, for a specified set up fee

Backup
Option

MIT
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Capacity Response Set Up Fee (for)

Rate time (weeks) DC Plant Supplier

0 - $ 0 $ 0 $ 0
50% 4 $ 1,000 $ 800 $ 400
50% 2 $ 2,500 $ 1,800 $ 1,000
50% 1 $ 6,000 $ 4,000 $ 2,400
100% 6 $ 1,500 $ 1,000 $ 1,000
100% 2 $ 6,000 $ 5,000 $ 3,500
100% 1 $ 15,000 $ 12,000 $ 10,000

ET




Objective of the game

 Design a risk mitigation strategy to minimize the total supply chain
cost while maximizing the order fill rate over an uncertain future.
Costs

e Ordering Costs ~ $16 to $20 per order

e Holding Costs ~25% annually

e Product Landed Costs
» Finished Goods 100 $/unit
e WIP 80 $/unit
 Raw Materials 50 $/unit

» Selling Price $225 per unit
* No Stockout Costs
Service Level
* Order Fill Rate at customer location
e Under normal conditions, OFR is ~99%

MIT
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SCREAM simulation spreadsheet

LG REAMZ. Student 5 - Microsoft Bxc (ol

Home  Insert  Pagelajout  Formulas  Data  Review  View  Developer v @ = @ R
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Learning Worksheet

30

In this sheet, you can test the effect of a mitigation policy for a given disruption scenario. Run simulation
For convenience, it allows you to specify two disruption scenarios (S1 and S2) and test the effects of two policieis (P1 and P2).
Policy P1 is applied to scenario $1, policy P2 is applied to scenario $2.

3 .- 2 . Results
g Scenario Descriptions Policies h ‘

9 Legend for facility status
isruption Normal | || operational l oisruptea Backup  FG inventory
Start Duration Myweek inventory WIP inventory,
oc 4 8 1 DC backup
8

Plant = T B o Plant back
14 Supplfer 20 4 []] Supplier b

N o v s (N e

[N]
=S

1 $ 15,000
1 $ 12,000
1 $ 10,000

-
S
Scenario S1

=

1[1

17 Disruption Noi I Backup FG invent
18 Start _ Duration_in k L Y WIP invent{

19 DC 4 8 II“ ___ DC backup
20 Plant A o T B o' Plant backy
21 i 20 4 24 Supplier back: 4

. NS
23

N
S K

1 $ 6,000
1 $ 4,000
1 $ 2,400

49

-
W < » W[ Basic Info | Input_Results SSWEFI *J 0Kl m |
Ready | 2 | Average: §157482  Count:24 Sum: $3779,557 |[EH@@ 90% (o 0 (&)

=
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SCREAM simulation spreadsheet: Details

e Define up to 2 disruption scenarios
* Only enter in yellow cells
o Start and Duration for each facility.
e Define up to 2 mitigation policies
* Only enter in yellow cells
e Enter 5 parameter policy code
 Run Scenario
* Press the “Run simulation” button
* Run should take under 5 seconds
» Scenario 1 runs against Policy 1 & Scenario 2 runs against Policy 2
 Review Results
e Summary results (numeric and charts) on cover sheet
e Scenario details on other tabs (S1 and S2)
» Use this to compare policies or how different scenarios impact the same policy

MIT



Start Playing Around

e Move to 3 Person Teams

 Open up your SCREAM spreadsheet
 Download the file SCREAM2_Student_v2.xlsm
 Make sure you allow Macros
« Two ways to Play
e Use the same policy and run against two different scenarios
» Test two different policies and run against the same scenario

Get a feel for how the different policies
interact with each other!

MIT
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Status Check
@2:30




Some questions to ponder . . .

e How much is a stockout worth?

e |s speed of response more important than capacity coverage, or the
other way around?

 When is it worth putting a policy in place?
e |[sitimportant to have a uniform policy across the facilities?

o |[s it better to place a full strength policy at one facility and partial at
others? If so, which?

« Under what conditions is it better to use Strategic Stock versus
Facility Backup plans?

 Which strategies seem to work best?

MIT —
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Final Decision Due
@ 3:15




Analysis of Results




Mitigation policy

Mi

@ 2/
/
Y

tigation Policy Format

FG@DC / WIP@Plant / DC / Plant / Supplier

Example: 100/100/1/1/1

CUSTOMER
~N(100, 10?)

/
[ Safety Stock
/

Mitigation |
Strategies |
I

Backup
k Supplier

Backup inventory
« Any non-negative value
« Locations
« WIP: @ the plant
« FG: @ warehouse separate from DC

Backup facility
Choose (a) capacity level and (b) time to
become available, for a specified set up fee

Backup
Option

MIT

N o o1 A WN O+

Capacity Response Set Up Fee (for)

Rate time (weeks) DC Plant Supplier

0 - $ 0 $ 0 $ 0
50% 4 $ 1,000 $ 800 $ 400
50% 2 $ 2,500 $ 1,800 $ 1,000
50% 1 $ 6,000 $ 4,000 $ 2,400
100% 6 $ 1,500 $ 1,000 $ 1,000
100% 2 $ 6,000 $ 5,000 $ 3,500
100% 1 $ 15,000 $ 12,000 $ 10,000
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Policies chosen by the teams

Inventory Capacity
Team  FGI WIP DC Plant  Sup Name
1 2500 1000 5 2 2 Brazilians
2 1000 1000 4 4 7 Wheeler
3 1250 800 5 5 5 |Hidour/Bourgoin/Vlakos
4 800 1000 4 5 3 Americo
5 400 400 6 6 6 Jay/Tom
6 1000 400 5 6 5 Terremoto
7 1200 200 5 5 6 Mosquito
8 400 1200 6 6 5 PRG
9 200 200 6 3 6 | Tomasetti/Piotti/Wagle
10 1250 750 5 5 5 Sylvie/Saber

MIT . -
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Scenarios

DC disruption Plant disruption Supplier disruption
Scenario| Start Duratn Online| Start Duratn Online| Start Duratn Online
1 1 0 1 1 0 1 1 0 1
2 1 12 13 14 12 26 27 12 39
3 26 12 38 26 12 38 26 12 38
4 1 0 1 12 36 48 1 0 1
5 12 36 48 1 0 1 1 0 1
6 1 0 1 1 0 1 12 36 48
7 26 4 30 26 4 30 26 4 30
8 40 4 44 15 4 19 1 4 5
9 10082 53 1 0 1 1 0 1
10 1 0 1 10782 53 1 0 1

MIT "
MASSACHUSETTS NSTITUTE )F TECHNOLOGY III l
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Scenarios used to test policies

Scenarios --> 1 2 3 4 5 6 7 8 9 10
Sunny Day 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Partly Sunny 82% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Slightly Sunny 55% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Slightly Cloudy 37% 7% 7% 7% 7% 7% 7% 7% 7% 7%
Very Cloudy 19% 9% 9% 9% 9% 9% 9% 9% 9% 9%
Nightmare 0% 11% 11% 11% 11% 11% 11% 11% 11% 12%
Short Overlapping 0% 0% 0% 0% 0% 0% 100% 0% 0% 0%
Supplier Down Longterm 0% 0% 0% 0% 0% 100% 0% 0% 0% 0%
DC Down Longterm 0% 0% 0% 0%  100% 0% 0% 0% 0% 0%
Even Probability 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%

MIT
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Iltem Fill Rate

100%

95% -

90% -

85% -

80% -

75% -

70% -

65%

60%

Q1 X2 A3
011 X12 A13 @14 €15 016 X17 A18 B19 920
@21 X22 A23 @24 €25 026 X27 A28 @29 €30

B4 @5 O06 X7 Ag B9 910

Sunny Day
a8

< 0 A\ X ©
Inventory Capacity
Team _ FGI WIP DC Plant _ Sup Name
1 2500 1000 5 2 2 Brazilians
2 1000 1000 7 Wheeler
3 1250 800 5 5 |Hidour/Bourgoin/Vlakos
4 800 1000 4 3 Americo
5 400 400 6 6 | Jay/Tom
6 1000 400 5 Terremoto
7 6 Mosquito
8 400 1200 5 P&G
9 200 200 6 i/Pi Waal
10 1250 750 5 Sylvie/Saber
$- $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000 $100,000
Total Relevant Cost
4 h B MIT Conter for l pp—
\ B 4 Transportation & Log MASSACHUSETTS INSTITUTE OF TECHNOLOGY lI(l
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Item Fill Rate

Partly Sunny

Q1 X2 A3 04 o5 06 X7 As 39 @10
011 X12 A13 @14 915 ©O16 X17 A18 @19 920
021 X22 A23 @24 925 026 X27 A28 @29 930

100%
O L A ‘ﬁ‘ X ®
95% -
90%
85% -
80% -
Inventory Capacity
Team _ FGI WIP DC Plant _ Sup Name

759% 1 2500 1000 5 2 2 Brazilians

2 1000 1000 7 Wheeler

3 1250 800 5 5 |Hidour/Bourgoin/Vlakos!

4 800 1000 4 3 Americo
70% | 5 400 400 6 6 | Jay/Tom

6 1000 400 b Terremoto

7 6 Mosquito
65% | 8 400 1200 5 P&G

9 200 200 6 | T i/Pi Waal

10 1250 750 D Sylvie/Saber
60% ! T T T T T T T T T

$- $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000 $100,000
Total Relevant Cost
A h g A MITCenter for e
\ B 4 Transportation & Logist MASSACHUSETTS INSTITUTE OF TECHNOLOGY llxl
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Iltem Fill Rate

Slightly Sunny

Q1 X2 A3
011 X12 A13 @14 @15 O16 X17 A18 @19 €20
021 X22 A23 @24 925 026 X27 A28 @29 €30

B4 o5 O X7 A8 @9 910

O Yo A% o
O - X
95% -
90% -
85% -
80% -
Inventory Capacity
Team _ FGI WIP DC Plant _ Sup Name

75% - 1 2500 1000 5 2 Brazilians

2 1000 1000 7 Wheeler

3 1250 800 5 |Hidour/Bourgoin/Vlakos

4 800 1000 4 3 Americo
70% | 5 400 400 6 6 | Jay/Tom

6 1000 400 D Terremoto

7 6 Mosquito
65% | 8 400 1200 5 P&G

9 200 200 6 | T i/Pi Waal

10 1250 750 5 Sylvie/Saber
60% T T T T T T T T

$- $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000
Total Relevant Cost
AR 4 A MIT Center for ne
\ B 4 Transportation & Log MASSACHUSETTS INSTITUTE OF TECHNOLOGY llxl
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Item Fill Rate

Slightly Cloudy

01 X2

A3

04 €5 06 X7 AS 39 €10

011 X12 A13 @14 €15 016 X17 A18 B19 €20
021 X22 A23 W24 €25 026 X27 A28 B29 €30

100%

X
95% T . .
90% -
85% -
80% -
Inventory Capacity
Team___ FGI WIP DC Plant  Sup Name
o 1 2500 1000 5 2 2 Brazilians
75% 112 | 1000 | 1000 7 Wheeler
3 1250 800 5 5 |Hidour/Bourgoin/Vlakos
4 800 1000 4 3 Americo
70% 1| 5 400 400 6 6 | Jay/Tom
6 1000 400 5 Terremoto
7 6 Mosquito
65% - 8 400 1200 5 P&G
119 200 200 6 | T i/ Piotti/W.
10 1250 750 5 Sylvie/Saber
60% T T T T T . . .
$- $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000
Total Relevant Cost
& m B MIT Center 1or l -—
\ B 4 Transportation & Log MASSACHUSETTS INSTITUTE OF TECHNOLOGY llxl
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Item Fill Rate

Very Cloudy

01 X2

A3

04 ®5 06 X7 AS 39 10

011 X12 A13 @14 €15 016 X17 A18 @19 €20
021 X22 A23 @24 €25 026 X27 A28 @29 €30

100%

95% - . X
90% -
85% -
80% -
Inventory Capacity
Team _ FGI WIP DC Plant _ Sup Name
o 1 2500 1000 5 2 2 Brazilians
5% 112 | 1000 | 1000 7 Wheeler
3 1250 800 5 5 |Hidour/Bourgoin/Vlakos
4 800 1000 4 3 Americo
70% | 5 400 400 6 6 | Jay/Tom
6 1000 400 5 Terremoto
7 6 Mosquito
65% A 8 400 1200 5 P&G
9 200 200 6 i/ Piotti/Waal
10 1250 750 5 Sylvie/Saber
60% T T T T T . . .
$- $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000
Total Relevant Cost
& m B MIT Center 10r l -
\ B 4 Transportation & Log MASSACHUSETTS INSTITUTE OF TECHNOLOGY lI(l
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Item Fill Rate

100%

95%

90%

85%

80%

75%

70%

65%

60%

& B MIT Cent

A B 4

Nightmare

01 X2

A3

04 ®5 06 X7 AS 39 10

011 X12 A13 @14 €15 016 X17 A18 @19 €20
021 X22 A23 @24 €25 026 X27 A28 @29 €30

O o A
o
O X
O
Inventory Capacity
Team _ FGI WIP DC Plant _ Sup Name
1 2500 1000 5 2 2 Brazilians
2 1000 1000 7 Wheeler
3 1250 800 5 5 |Hidour/Bourgoin/Vlakos!
4 800 1000 4 3 Americo
5 400 400 6 6 | Jay/Tom
6 1000 400 b Terremoto
7 6 Mosquito
8 400 1200 5 P&G
9 200 200 6 i/Pi Waal
10 1250 | 750 5 Sylvie/Saber
$10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000

Transport

>
101

ation & Logistics

Total Relevant Cost

27
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Older Runs

c‘ 1Y B MIT Center for l .-
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Sunny Days Scenario

75.0% 12 450 - 300 -

N N ONONNWOAOANNODO OO

All Teams: Total Relevant SC Cost vs. Item Fill Rate
100 0% (=] o0 OEAX AAB X <
95.0% Group Policy
1 600 - 350 -4 -3 -
2 800-800-6-5-
90,01 3 500 -500-6-6 -
4 400-200-6-6 -
5 600 -600-7-7 -
85.0% 6 248 - 248 -6 -6 -
7 700-700-7-3 -
8 300- 0-7-7-
80.0% 9 150-250-7-7 -
6-6
7-7
6-7
7-7
2-5

70.0%

@1 X2 A3 @4 o5

@6 X7 A8 @9 €10

Q11 X12 A13 @14

$ $10.000 $20.000 $30.000 $40.000 $50.000 $60.000 $70.000 $80.000

MIT
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Partly Sunny Days Scenario

100.0%

95.0%

90.0%

85.0%

80.0%

75.0%

70.0%

65.0%

60.0%

$10.000

All Teams: Total Relevant SC Cost vs. Item Fill Rate
0 BAX AXAD X O
(@]

Group

[

O ONOOU”BH_»BWN

@1 X2 A3 @4 o5

@6 X7 A8 @9 €10

011 X12 A13 @14

$20.000 $30.000 $40.000 $50.000 $60.000 $70.000

Policy

600-350-4-3-6
800-800-6-5-5
500-500-6-6-6
400-200-6-6-7
600-600~-7~-7~-7
248 -248-6-6-6
700-700-7-3-3
300- 0-7-7-7
150-250-7-7-7
200-200-6-6-6
200-200-7-7-7
450-300-6-7-6
100-100-7-7-7
250-250-2-5-2

$80.000

MIT
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Slightly Sunny Days Scenario

All Teams: Total Relevant SC Cost vs. Item Fill Rate
100 0% PN BA X Xy AR <
X
95.0% O Group Policy
1 600 -350-4-3 -
2 800-800-6-5-
%00 o 3  500-500-6-6-
4 400-200-6-6 -
5 600-600-7-7 -
85.09 6 248 - 248 -6 -6 -
7 700-700-7-3 -
8 300- 0-7-7-
80.0% 9 150-250-7-7 -
10 200-200-6-6 -
11 200-200-7-7 -
SALN 12 450-300-6-7 -
13 100-100-7-7 -
14 250-250-2-5-
70 0%
@1 X2 A3 @4 o5
- @6 X7 AS @9 €10
911 X12 A13 @14
60.0%
$ $10,000 $20.000 $30.000 $40.000 $50.000 $60.000 $70.000 $80,000

MIT
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Sl

htly Cloudy Days Scenario

All Teams: Total Relevant SC Cost vs. Item Fill Rate
100 0% °® BA XX A AR <
X

95.0% Group Policy
(o) 1 600-350-4-3-6
2 800-800-6-5-5
90.01 3 500-500-6-6-6
4 400-200-6-6-7
] 5 600-600-7-7-7
85.09 6 248 -248-6-6-6
7 700-700-7-3-3
8 300- 0-7-7-7
80.0% 9 150-250-7-7-7
10 200-200-6-6-6
11 200-200-7-7-7
SALN 12 450-300-6-7-6
13 100-100-7-7-7
14 250-250-2-5-2

70.0%

@1 X2 A3 @4 o5

@6 X7 AS @9 €10

Q11 X12 A13 @14

60.0%
$ $10.000 $20.000 $30.000 $40.000 $50.000 $60.000 $70.000 $80.000

MiT ll-
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Very Cloudy Day Scenario

100 0%

85 0%

15.0%

70.0%

All Teams: Total Relevant SC Cost vs. Item Fill Rate

[
(2]
o
o
|
w
w
o

A3 @4 o5

AS @9 €10

Q11 X12 A13 @14

BA > e
0. A
X
(o]
[m]
01 X2
06 X7
$10.000 $20,000 $30.000 $40,000 $50.000 $60,000

$70.000

O ONOOUAHEWN
N
S
@
!
N
D
@

$80.000

MIT
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Nightmare Scenario

100 .0%

95.0%

85.0%

80.0%

75.0%

70.0%

65.0%

60.0%

All Teams: Total Relevant SC Cost vs. Item Fill Rate
@A X <
*° 28

X Group

[

O ONOOU”BH_»BWN

@1 X2 A3 @4 o5

@6 X7 A8 @9 @10

011 X12 A13 @14

$10.000 $20.000 $30.000 $40.000 $50.000 $60.000 $70.000

Policy

600-350-4-3-6
800-800-6-5-5
500-500-6-6-6
400-200-6-6-7
600-600~-7~-7~-7
248 -248-6-6-6
700-700-7-3-3
300- 0-7-7-7
150-250-7-7-7
200-200-6-6-6
200-200-7-7-7
450-300-6-7-6
100-100-7-7-7
250-250-2-5-2

o

$80.000

MIT
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Thoughts?

 What factors affect the performance?
« How can you improve your mitigation strategy?

 What did you learn from the game?
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Key takeaways: Mitigation policy

Multiple ways to protect — at different costs
» Different policies do well under different scenarios
e Test policies against a portfolio of scenarios

Scenario creation is an informed process
Downstream matters more than Upstream

e For this supply chain — not necessarily universally true
e DC protection helps mitigation Plant and Supplier failure

 Combination of Redundancy & Flexibility
e Typically most reasonable approach is mixed
 Redundant inventory covers before backup capacity activated
o Flexibility (backup capacity) covers for longer term

MIT —
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Supplementary reading

Amanda J. Schmitt. Strategies for customer service
level protection under multi-echelon supply chain
disruption risk, Transportation Research Part B 45
(2011) 1266—1283.

Amanda J. Schmitt, Mahender Singh. Quantifying
supply chain disruption risk using Monte Carlo and
discrete-event simulation, Proceedings of the 2009
Winter Simulation Conference, 1237-1248.

 Amanda J. Schmitt, Mahender Singh. A Quantitative
Analysis of Disruption Risk in a Multi-Echelon
Supply Chain.

« Amanda J. Schmitt. Learning how to manage risk in
global supply networks, white paper, Aug. 2009.
» Global supply chain risk management. MIT CTL white
paper

MIT n:
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