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[. Multiple Choice Questions (5 points each): Choose one correct answer

1. Let X and Y be two random variables, with Cov(X,Y) their covariance and p vy their
correlation. Which of the following statement is FALSE?

(@) 0 may be zero in setting in which X and Y have an association.

(b) If repeated measurements on (X,Y) are perfectly aligned on a line with either a negative
or positive slope, the magnitude of o , will be one.

(c) If X and Y are independent, o ,,=0,

(d) - 1=Cov(X,Y)=1.

(e) Cov(X,Y)=0if and only if g ,=0.

2, Let X be a population random variable. X,...,X, is a random sample corresponding to X,
and x,...,x, the observed values of that random sample. Which of the following
statement is TRUE?

—

(a) The sample mean, X', is a parameter.

(b} The sample median is the best measure of central tendency if the probability distribution
of X is skewed.

(¢} The method of moments estimate of the population variance is unbiased.

(d) A histogram is a graphical display constructed from the observed values of the random
sample that reflects the shape of the cumulative distribution function of X,

3. An outdoor concert is scheduled on a day where the forecast indicates it might rain. The
forecast says the probability of light rain is 0.3 and the probability of heavy rain is 0.2.
There are three possible conditions:

* If' it does not rain, the concert will go on as scheduled and the producer will take $20,000

in ticket sales.

e If it rains lightly, the concert will go on as scheduled and the reduced attendance is

speculated to produce $12,000 in ticket sales.

» [f'there is heavy rain, the concert will be canceled, resulting in $0 in ticket sales.
Suppose that the cost of the producing the concert is $10,000, what is the expected profit
in ticket sales that the producer would make?

(a) 30

(b) $ 3,600

(c) $10,000

(d) $ 13,600

(e) $ 20,000
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4. Suppose that P(x,y.z) the joint probability mass function of the random variables XY, and
2, 15 given by

P(1,1,1}=1/8 P(2,1,1)=1/4
P(1,1,2)=1/8 P(2,1,2)=3/16
P(1,2,1)=1/16 P(2,2,1)=0
P(1,2,2)=0 P(2,2,2)=1/4
Compute E(X|Y =2)=1"

(a) 97

(b) 9/6

(c) 945

(d) 9/4

5. A weight-loss clinic wants to use regression analysis to build a model for weight-loss, v,
of a client {(measured in pounds). Two variables thought to affect weight-loss are client’s
length of time on the weight-loss program and time of session. The interaction model
below is used to fit the collected data.

E(y)= By + Bix + fyxy + Bixy + Boxx, + fix,x,, where

¥ = Weight-loss (pounds)

x, = Length of time in weight-loss program (months)

x, =1 if moming session, 0 if not

x, = | if afterncon session, 0 if not (Base level = evening session)
What null hypothesis would you test to determine whether the slope of the linear
relationship between weight-loss () and time in the program ( x, ) varies according to
session time?

(@) Hy:f=8,=8,=08,=5,=0

b) Hy:By=0,=0,=0,=0

() Hy:f,=0;=0

(dy #H,:4,=8,=0

6. Based on the interachion model in previous problem, give the change in weight-loss {y)
for every one month increase in time in program { x, ) when attending the evening session
in terms of the f's in the model.

(a) ﬂ1

(b) B+ 5,
(¢} B, + 8,
(dy B+ 5
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I1. Problems (10 points each)

l. Let X, X3,....Xs be a random sample of size 5 from N(0, o *}. Find the constant & so that

K(X1-Xo) X2 + X7+ X7 has a t-distribution,

2. Suppose that Iy, ¥5,..., ¥, denote a random sample size n from a Poisson distribution

with mean 2 A . Consider two point estimates for A : z?.l =(¥,+Y,+Y¥,)/6 and A, =Y/2.

Derive the efficiency of A relative to A,. Which estimate is more efficient?

3. For the simple linear model ¥ = £+ fix+ & with E(€) = 0 and V(&) = o,

(o - %) }
>, —x)

(b} For what value of xp will the confidence interval for E(Y) attain its minimum length?

(a) Show that V(3, + fix,) = [

4. Consider the following model for the response measured for a randomized block design
containing b blocks and p treatments:

Yi=u+ it g+ g
where Yjj = response taken on treatment j in block i

il
= nonrandom additive effect due to the ith block, » f, =0

=l
7 = nonrandom additive effect due to the jth treatment, ii" ;=0
J=l
and g, 1=1,2,...,b and ] =1,2,...,p, are independent normal random variables, with
E(s) = 0 and V() = o°

(a) Give the expected value and variance of ¥,

(b) Let 7; and T be the total and mean of all observations receiving treatment j. Find the

expected value and variance of I:'_'j
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. Let X and X; be independent normal random variables, each with mean 0 and variance o
Define L = X + X; and U = X, — X,. Show that U, and U, are independent.

. Suppose that ¥7_ ¥, are indapéndent normal random variables with E(Y;) = £+ fx;and
V(¥ =’ i = 1,...,n. Find the maximum-likelihood estimators of 5 and .

. A density function sometimes used by engineers to model lengths of life of electronic
components is the Rayleigh density, given by

f(.lf]=(2%)ﬁ"f’@s}féﬂ and ' (y)=0, elsewhere.

I ¥ has the Rayleigh density, find the probability d.ensity function for I/ = ¥*.
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The following questions are based on the attached paper entitled “PROMISE AND
PROBLEMS OF SIMULATION TECHNOLOGY IN SCM DOMAIN" by Sam Bansal
(Proceedings of the 2002 Winter Simulation Conference). Read through the paper and
answer the following questions in either English or Chinese.

1. {10%) Qutline the organization of this paper.

2. (20%) What are the domains and confents of supply chain optimization? What are the
interrelations among these domains?

3. (20%) What are the supply chain optimization issues addressed by the author? What are
your comments or solutions?

4. (20%) What are the basis and contents of supply chain epportunity assessment?

5. (20%) According to this paper, what is the .pmmise and role of simulation in supply
chain management (SCM)?

6. (10%) Although the literature associated with this paper is short, what can you find with
respect to the author’s background?
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Troceedings of the 2002 Winter Simnlation Conference

E. Yiicesan, C.-H. Chen, J. L. Snewdon, and J. M. Charnes, eds,

PROMISE AND PROBLEMS OF SIMULATION TECHNOLOGY IN SCM DOMAIN

Sam Bansal

Director, Business Transformation Services
Supply Chain Optimization
SAP Americas Inc
3999 West Chester Pike
Newtown Square, PA 19073, US.A

ABSTRACT

This paper begins by identifying the potential Promise of
Simulation domain, Tt also provides a brief review of this
domain and modeling methodologies as applied to supply
chain optimization. Problems and solutions of this area are
discussed forming the rationale behind most of the indus-
trial practice of this author. As a result most of the deter-
ministic Business Process Reengineering and Opportunity
Assessment work that needs to be done resorts to the “a
priori methods”. Building the simulation models costs
more time and effort than implementing an equivalent
solution from SAP such as APO or any part thereof in the
domain of Supply Chain Management and Optimization.
Against this environment and e-Supply Chain Management
as a domain of the focus, this paper describes the method-
ology of doing Business Cases with Case Studies to illus-
rate how the Supply Chain Opportunity Assessment
through the Blue Printing process is carried out.

1  PROMISE OF SIMULATION

Industry experts on manufacturing technology have recog-
nized the importance of simulation and visualization,
Simulation and modeling have been identified as one of
two breakthrough technologies that will accelerate the
grand challenges facing manufacturing in 2020, Fulfill-
ment of the recommendation would provide fundamental
building blocks for the dynamic moedels and ‘real-time’
simulations of 2020. It has been recognized by researchers
and practitioners that techniques such as variation simula-
tion analysis (VSA) and factory floor layout simulation can
improve product performance, Assembly modeling can be
used to complement simulations to determine if changing
the order of steps in the assembly of a complex product can
lead to labor savings and reduce variation. Combining
three-dimensional product modeling with simulation tech-
niques ¢an help determine the cost of alternative manufac-
wring processes. Even the Semiconductor Research Corpo-
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ration's (SRC) Factory Sciences board has also identified
manufacturing simulation as a high payback area. Exam-
ples of current manufacturing simulation applications in-
clude: modeling and verification of discrete and continuous
manufacturing processes (machining, injection molding,
sheet metal forming, semiconductor fabrication, refining,
etc.}, offline equipment programming (robots}, system lay-
out planning, material flow analysis, process and system
visualization, ergonomic analysia of work areas and man-
pal tasks, evaluation of schedules, and business process
modeling.

However while the manufacturing simulation soflware
domain has huge future the present does not appear to be a
robust market like ERP. Hundreds, if not thousands, of
commercial simulation software products are currently
marketed to support these and other areas. It is likely that
the number and types of simulation applications will con-
tinue to grow rapidly in the coming years. For the most
part, these software applications do not interoperate with
each other, or with other manufacturing systems that need
to share data. Independent economic studies have esti-
mated the size of the manufacturing simulation and visu-
alization software market in the range of $650 million dol-
lars by the 2001 tme frame.

Although studies have recognized the potential of
manufacturing simulation and visualization, there are a
number of technical and economic barriers that hinder the
use of this technology. Industry expense for implementing
simulation technology is much greater than the cost of
computing hardware, peripheral devices, software licenses,
and maintenance, Typically companies must factor in the
cost of salaries and training for simulation and support
staff, translation of existing company data, systems
integration of applications, and development and
maintenance of models. These costs are likely to be much
greater than the initial acquisition costs for the simulation
software and hardware.
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2 FUNDAMENTALS OF SIMULATION AND
MODELING FOR SUPPLY CHAIN
OPTIMIZATION

2.1 Simulation Models

There are two types of modeling domains recognized for
Simulation studies as applied to Supply Chains, These are:

1. Descriptive Models and
2. Normative/Optimization Models

Descriptive Models are of following types:

Forecasting Models

Cost Relationship Models

Resource Utilization Relationship Models
Simulation Models

da b b=

Simulation Models describe how all or parts of the
company’s Supply Chain will operate over time as a func-
tion of parameter and policies,

MNormative/Optimization Models on the other hand are
mathematical models that are developed to make better de-
cisions. The term normative refers to processes for identi-
fying norms that the company should strive to achieve,
Hence Normative Models are same as Optimization Mod-
els as the Optimization I the norm that every company
strives o achieve. Forther according to Operation Research
Scholars these are considered same as Mathematical Pro-
gramming Models. The construction of optimization mod-
els requires descriptive data and models as inputs,

Simulation Models have 2 more categories

1.
2,

Deterministic Simulation Models
Stochastic Simulation Models

Deterministic Stmuolation Models describe a system’s
dynamic behavior assuming there are no random effects,
Stochastic on the other hand describe a system’s dynamic
behavior when there are random effects. It is also known as
Monte Carlo Simulation Models.

2.2 Taxonomy of Supply Chain
Optimization Modeling Domains

These are:

Strategic Optimization Modeling

Tactical Optimization Modeling

Lopistics Optimization Modeling

Production Planning Optimization Modeling
Distribution Scheduling Optimization Modeling
Demand Forecasting and Order Management
Distribution Requirements Planning

e
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8. Materials Requirements Flanning
9.  Enterprise Resource Planning

Of the above domains the first 2 specially are relevant
to Business Planning for decision making with respect to
whether

1.
2.

To go in Retail Distribution Business or Not

Or How to set up the overall Demand and Supply
Network so that the Return on Investment s
maximized

Hence the following description giving their saliemt
features is described:

2.2.1 Strategic Optimization

This domain is concerned to analyze the resource acquisi-
tion and other strategic decisions faced by the company
such as the construction of a new manufacturing facility,
the break-even price for an acquisition, or the design of a
supply chain for a new product. Its goal may be 0 maxi-
mize net revenue or return on investment.

2,2.2 Tactical Optimization

Here one determines an integrated supply/manufacturing/
distributionfinventory plan for the company’s entire supply
chain over the next 12 months, or greater if desired. Its
poal may be to minimize total supply chain cost of meeting
fixed demand or 1o maximize net revenues if the product
mix is allowed to vary. Raw materials, intermediate prod-
ucts and finished products are aggregated into product
families. Similarly markets are aggregated into market
ZONES,

2.2.3 Linkages Exist between

1. MRP and Production Scheduling Optimization

Maodeling

2. DRP and Logistics Optimization Modeling

3, Production Scheduling, Logistics and Tactical
Optimization Modeling and

4, Strategic and Tactical Optimization Modeling

2.2.4 Strategic and Tactical Optimization Modeling

It will be described below as it is of importance to the pre-
sent confext:

The Strategic Optimization assists Sr Management in
determining the most effective long-term conFigureuration
of the company’s entire supply chain network, existing in
reality or being envisioned. It helps to analyze about major
resource acquisitions and divestments and the manufacture
and distribution of new and existing products over the
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coming years, The implications of these decisions to next
year's tactical plans are passed to the tactical optimization
considerations, as shown below. Such data might include
new facilities that will be available or products to be manu-
factured, distributed, and sold during that time frame. The
tactical optimization models provide detailed feedback to
the strategic system about how these facilities will be used
and how market demand will be met over the first vear of a
strategic planning horizon,

Figure 1; Strategic and Tactical Optimization Mcrdzlmg

The demand forecasting and order management sys-
tem provides medium and long-term demand forecasts to
the tactical and strategic optimizer. Conversely, the strate-
gic optimization provides the demand forecaster with feed-
back about the profitability of existing and new product
lines, This information can be used to develop marketing
stratepgies for increasing sales of profitable products. In fact
the demand forecasting might well be extended to include
marketing models to achieve this end.

Scenarios are created and vsed to analyze the impact
of various future conditions to determine their effects on
the objective functions.

The core of a case, along the above lines, developed
some time ago, is described below. It core was a:

1. For decision making as to which technology to
suppeort and which o kill

2. Selected Technology's Initial Design was pre-
dicted by the Technical Model to cut the Product
Design time

This was used:

1. For decision making as to which technology 1o
support and which to kill

Selected Technology’s Inmitial Design was pre-
dicted by the Technical Model to cut the Product
Design time

1833

Advantages were:

1. Reduction in exploratory cost
2.  Reduction in Product Development time

Their interaction was as given in Figure 2:

THE BEXT- Mo I ML SR 0% B '1‘
Figure 2: Cost Performance Modeling Paradigm

The point to be stressed is that Stwategic and Tactical
models must be integrated with Financial Models to get the
Optimized Business Decisions.

2.3 Problems

In practice both types of models are used but the common
problems that can be cited are:

1, The modeling experts are very few and far in be-
tween

The construction and usage when left to pseudo
trained managers and analysts lead to far worse
results than a priori methods

Even with the trained modelers the effort to con-
struct good Descriptive or Optimization models is
huge that most companies are unwilling to spend
Then the input data problem, be it static or dy-
namic, 15 as much time consuming as the con-
struction and validation of the model itself

2,

2.4 Solutions

Because of the problems mentioned above and in the inter-
est of time the SOA methodology is adopted. Its basis 15 as
follows:

E.  Study the * As Is" scenario of the Supply Chain
Performance with respect to Cost and Profitability
Also study the methods used in the company from
Demand Forecasting to Distribution and all levels

2.
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of planning, Strategic, Tactical, Operational, Pro-
duction Scheduling etc.

Construct the "To Be” Cost, Profitability vision
against the company vision and bench marks

a.  Construct the “To Be" methods support-
ing the “To Be" cost and profit targets

b. Fix the gaps between “As Is" and “To
Be" by
i, Process Tmprovement Initiatives

and

ii, Enabling Technology

¢. Business Bloe Printing fro Enabling
Technology

d. Execute recommendations

i Process Improvements
ii.  Technology Solution Implementa-

tion
3 SUPPLY CHAIN MANAGEMENT

Supply Chain Management has caught more attention than
did Artificial Intelligence in the carly eighties. Like Al
there in no other domain today, which gets more, talked
about than Supply Chain in the boardrooms. Supply
Chain's beginning can be traced to the early eighties when
MRPI was being extended into ERP. At that time all the
manufacturing planning and scheduling was still infinite
model based. To alleviate the problems inherent in the in-
finite capacity based MPS etc. Finite Capacity model based
techniques such as Factrol was introduced by Factor, an
affiliate of Pritsker. Dynamic Scheduling was talked but
not practiced. Early nineties began 1o see an awareness of
holistic management of both the Capacity and the Inven-
tory management. Some of the popular packages that have
been introduced in this space to manage, Inventory, Capac-
ity, Planning and Forecasting are from I2, Tyecin/Manu-
gistics, Red Pepper/Peoplesoft, Paragon, SAP and most
recently from Oracle. The essentials of this domain seem to
have been lumped together in the “Supply Chain Manage-
ment”, These 3 words tend to embody the planming,
management and optimization of Inventory, Capacity,
Planning and Forecasting,

Supply Chain Council has put forward a supply chain
model. This model SCOR stands for Supply Chain Opera-
tons Reference model. The Supply Chain is comprised of
your supplier’s supplier and your customer’s customer. And
each node of this chain must look at the enterprise functions
such as Plan, Make, Purchase and Distribute, with respect to
planning, managing and optimization. Thus, a well managed
Supply Chain system will not only manage its own Plan,
Make, Purchase and Distribute functions but it will Transmit
and Receive, Planning and Inventory information with its
supplier’s suppliers and customer’'s customers.

1834

3.1 Financial Impact of Supply Chain Costs

The importance of this domain can best be undersiood
from the fact that depending upon the company and the
sector, the SCM costs may range anywhere from aboul 4-
22 % of the revenue or higher. If the reduction of 23% is
achieved, it is annual and can contribute to almost 100%
more bottom line profit for an average company running
the SCM costs in the neighborhood of 20%, which is not
uncommeon. Studies have been made to establish the im-
pact of glitches in Supply Chains and their impact on the
Stock Prices of the companies. Accordingly it has been
found that a glitch romor influences the stock value by
19% within 2 days of the rumaor on Wall Street and (o a to-
tal of 23% within 4-5 days. With such an important area
which corporate chief will not want his supply chains to be
running smoothly?

For example this author studied 4 companies of the
Silicon Valley engaged in the communications semicon-
ductor business. All had high inventory, however the one
with highest inventory was least profitable and the Wall
Street was punishing the subject company most harshly, as
is illustrated in the following graph:

5L MR T RO - SR

Impact of High Inventory on

[HE

Profits

Figure 3: Adverse

It is not only Inventory that creates profits, The entire
value chain from value drivers to stock holders value is
shown on Figure 4,

3.2 Opportunity Assessment

Opportunily Assessment or Supply Chain Opportunity As-
sessment is an age old cost benefit study but with a modern
twist of formalism and lot of extensions. It essentially com-
prises of Fiscal Data Collection, Data Rationalization, De-
veloping Understanding ol the Problem, Developing Total
Supply Chain Management Costs, Benchmarking SCM
Costs, Estimating the Opportunities for Improvement and
finally linking them to the enabling Tools and Technologies.
OAs can be done at 2 levels as shown in Figure 5.
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= S R Figure 7: Supply Chain Paradox
Figure 5: 2 Levels of Opportunity Assessment

3.3 For Example- Case Study
At the enterprise level the KPIs of concern are Inven-

tory Turns, Asset Utilization etc where as at the Process This client wanted and posed an interesting challenge:

Levels the KPIs of attention become the Inventory Accu-

racy, Forecast Accuracy, BOM Accuracy, Schedule reli- [.  We want you to study our three problems and give

ability, Drawing Accuracy, Routing, Accuracy, Supplier us the solution for them

Reliability, and Information Availability etc. This relation- - During scoping and objective seiting the cli-

ship is as illustrated in Figure 6. ent was completely unwilling to let us do a
Upon close study one finds that the reason supply Business Case but as the project began, it was

chain PTDb]E“lS- exist 15 because of the difference between ﬂhund_ﬂnﬂ}r clear that what thﬂj" peeded most

the plans vs. the actuals, as is illustrated in Figure 7. was the Business Case with ROI analysis
This delta is the root cause to create bad process level 2. Hence the strategy that was adopted was to:

KFPIs, which eventually transcend Lo bad enterprise, level - Study the causes of the problems

KPls such as high inventory, turn over and lower asset - Measure the bottom line impact of the prob-

utilization, The enabling technology would be the one that lems, benchmark the costs establishing the

can eliminate or minimize the effect of the difference be- enabling technologies and

tween the PI.-EII'I and the actual. - Create the solution

Figure 8 shows the causes creating the 3 problems
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The guantification and benchmarking effort leads to
Figure 9, which clearly establishes the bottom line impacts.
These are very high as compared apainst the competition.
So they offer the opportunities to improve. Figure 8 estab-
lishes the causes creating the problems, Figure 9 estab-
lishes the magnitude of the problem,

Figure 1} once again shows the linkage from the 3
problems to the benefits, as quantified in Figure 9.

The target reductions and the reduction modeling are
given in Figure 11.
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Figure 9: Benchmarking the Supply Chain Management
Costs
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Figure 11: Total Benefits

4 CONCLUSIONS

State of the ant practice of Business Consulting focused in
the Supply Chain domains has been discussed. Opportunity
Assessment methodology starting from investigation of the
problems to establishing and benchmarking their impact on
the bottom line as well as the reduction modeling has been
discussed and amplified by the case studies. It should be
stressed that the correlation between the qualitative as-
sessments of the problem’s impact to quantitative assess-
ment has been found o be extremely close.

5 RESEARCH ISSUES

Research issues that can be cited based on the above work
are:

1. New Departments have to be formed that would
be dedicated to integrating the Analytic IT, doing
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Model Based Optimization with the Transactional
IT the ERF etc.
2. Financial Planning Models themselves, that are
pretty descriptive of the companies’ Supply Chain
Performances
Integration of Financial Planning Models with the
Supply Chain Models dealing with the Strategic
and Tactical optimization of the Supply Chains
4. Usage of Supply Chain and Financial Planning
Optimization Models for Business Planning such
as to go in this business or not, build the new in-
frastructure or nol

L
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1. A manufacturing company plans to use a transportation model to solve the short-term
aggregated planning problem. The following information should be considered: (1)Three
planning periods are included in this model. (2)Demands for three time periods are known
and given (i.e. Dy, Dy, and D,). (3)Capacities for each time period involves the normal time
capacity (i.e. N), over time capacity (i.e. @), and subcontract capacity (i.e. §). All
capacities are fixed and given. (4)Unit manufacturing costs include normal time cost (i.e. r),
aver time cost (i.e. 5), and subcontract cost (i.e. £). (5)Unit inventory cost per period (i.e. §)
and unit backorder penalty per period (i.e. b) are fixed and given. (6)Beginning inventory
(i.e. P)is given and known, Ending inventory (i.e. Q) is also required.

(a)Construct a transportation tableau using the given symbols. (-}-47)

(b)Formulate this linear programming problem inecluding the objective function and the
required constraints. Define all decision variables if necessary. (—47)

2. The historical sales quantities of product M indicate a typical curve of life cycle. Three
significant periods can be identified, i.e. Growth period, Saturation period, and Decline
period. Suggest an appropriate forecasting model for each period and explain the reason
why it is chosen. (-+47)

3. A single plant location decision has been made using a popular, subjective decision-making
tool as indicated in Table 1 and Table 2. This tool may be called as the “Weighted Scoring
Method”. Construct a stepwise solution procedure based on the approach used in Table 1
and Table 2. (-F47)
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4, Show that an exponential smoothing forecasting method is a special type of weighted
moving average forecasting method. (-}+41)
-1

=]
(Hint Fr=F1+a(di-i-Fi-) and Fr= Swixdi, Swi=1.00 )
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5. A company has started selling through its online channel along with its retail stores.
Management has to decide which products to carry at the retail stores and which products to
carry at a central warehouse to be sold only via the online channel. The company currently
has 900 retail stores across the country. Weekly demand for product A at each store is
normally distributed with a mean of 800 and a standard deviation of 100, Each product A
costs $30. Weekly demand for product B at each store is normally distributed with a mean of
50 and a standard deviation of 50. Each product B costs $100. The Company has a holding
cost of 25 percent of product value. The Company manages all inventories using a continuous
review policy and the supply lead-time for both products is 4 weeks. The targeted cycle
service level is 95 percent. Assume demand from one week to the next to be independent.

(1) How much safety Inventory reduction in holding cost per unit seld can the company

expect on moving each of the two products from the stores to the online channel? (10%)

(2) Which of the two products should the company carry at the stores and which at the central
warehouse for the online channel? Why? (15%)

6. Assume you are the production manager of a manufacturing company,

(1) What are the appropriate procedures of generating production plan of your company?
(10%)

(2} In above production plan, what factors and procedures you need consider in order to
generate a good production schedule. (15%)






