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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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Read the paper, “/ 3) & 2 $1 & P 2 22 4 Bk 2 53881 92,7 in the

subsequent pages. The paper is taken for this exam only.

1. Review the paper. (1) Summarize the paper. (10 points) (2) Then write
down and explain your comments or suggestions. Be constructive as

possible as you can. (50 points)

2. Managerial ownership is the focus of the paper. In addition to manager
turnover discussed in the paper, the existing literature also postulates
that managerial ownership may affect (1) mergers and acquisitions, (2)
dividend policy, and (3) divestitures, and (4) capital structure. Discuss
how managerial ownership may affect the four carpurate. activities.

(10 points each, i.e. 40 points in total)
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[. Microeconomics:

1. A firm has two plants with cost functions ¢,(y,) =3y and ¢,(y,)=y., where
y,and y, are outputs of plant 1 and 2 respectively. What is the cost function for the
firm? (20 points)

2. Describe and prove Roy’s identity. (10 poinis)

3. There are two consumers A and B with the following utility functions and

endowments:
u,(xy,xq) = alogx, +(1-a)logx, o, =(0,1)
tgl(xy,x;) =min{x;,x;) @, =(1,0).

Calculate the market clearing prices and the equilibrium allocation. (20 points)
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I Macroeconomics
L AB e < PRl (I AN 7 ) 0 S A ey B T2 A T
(expectation ). B2 8238 » 5
(a)ER I e o T LS R R A f e & (rational speculative bubbles)BRAT #iE {E(fad)
P8 0 B g « (6 points)
(O)FI FERBIAEHERURL » SRR M7 BT CUAGHE NS S R AR - R
SRS n e AR ETHE ik o (10 points)
(VPP TAZY » SV SOMUERA A S T B T+
FEFIR H 5 (vield curve)AJREEEER 2 = (9 points)

2 ER I A Y R R T T
(1) 2B BT Cobb-Douglas Bl -
Y= F(K, ALY = K" (ALY™ |, O<a <1,
where V= output
K = physical capital
A = knowledge
L = labor
(2) A FERIR R .

K(t) = sY(6) = 5K (1),
L(t) = nL(1),

A() = pA(r)
where s.¢&,n,u are all constant,
A
(a) S5 30 Cobb-Douglas 4 fEpR My b —dae =05
y=flk)=k",
where y= TR
k=
' AL
F1) e 2ty o P Ui balanced growth path) B &7,y Hilo" 2 Mfli{E -
(0) EAFMRIEMEIT + IREK T - SRR « (6 points)
(¢) TES & H(golden-rule) | » & {EFHH] 7 (5 points)
(d) FE G H(golden-rule) | » s HEM 7 (5 points)

(9 points)
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115 Reconfigurable Chips ¥ 7 [0 AJT7HYET » AR SR 20T O Tn) FES{n] Rl
HREEET (25 43)

Reconfigurable Chips = Bt I A rffiAL i DU B i s B any 5 e (25
77)

UTSRARE  codesign B a1 20 A2 TRYIEFERM » afB{FREAM
HYZRRE FEQTAT s s T WIRE B RERE YA configurable hardware [ = F{ ¢ 7
(25 471)

TSR B FH codesign iS5 Java 541 TVM (Java Virtual Machine ) -
S {8 TVM JELHAEERT » BE 4 ChERFE L AE configurable hardware I F5{1
[ 7 (25 47)
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INTEGRATED ENGINEERING

Configurahle Chips

Meld Software
and Hardware

Moshe Sipper and Eduarﬂn Sanchez
Swiss Federal Institute of Technology, Lausanne

hac would happer if you
tosged a sofeware designer
and o hardware enginecr
inta the same room and

¢ threw away the key¥ Once
ipon a Lime, you might expect to see
simoke seeping ont from under the door
as the two engaged in a fiory debnte.
Today, such an argument would more
likely require the services of o psychia-
teise than a mediator for, inereasingly, a
single person practices both professions,

Nearly 10 years ago, Maurice Wilkes |

[“Ic's All Software, Now,™ o, ACM,
Ot 1990, pp. 19-21) observed that 10
design had became mostly a software
atfain He wrote that " Formerly, o circuit
designer needed, when checking aur a
design, the practical skills associared wirk
working at a laboratary bench, Mow, cer-
tain software skills are necessary instead,
The designer necds to be comforislle
warking with lamge soltware systems,
and must know how to fight the system
when that is necessary,” He then pre-
diceed, It seems likely thae, in the fusees,
all circuit desipnees will have a strong
software backpround.”

FROM PROGRAMMABLE
YO CONFIGURABLE CHIPS

le secims Wilkes' prophecy has beasn fol-
fillec, thanks ro the maruration of feld-
progeaminable gate arrays and o recent
advances in hardware synthesis tooly—
developments char have given vise to the
new comfiguva ble-computing paradigm

Computar

t). Villasenor and WH. Mangione-Snuith,
"Conligurable Computing,” Scicnijic
Arnarican, June 1997, pp. 54-59).

Large and fast 1Cs, field-programma-
hle gare arrays can be modified or con-
Ligured at almaost any point by the end
nser, FPGA pechnalogy brings about a

primary distincrion between frragran-
mable and  configurable processors
(Bduvardo Sancher et al, "Scacic and
Drenamie Confignrable Systems,” [EEE
Trans. Comaaters, June 1999, pp, 556-
564). With programmable, peneral-puc-
pose processars, you can change the
software af any given moment via pro-
gramming—bur the hardware remains
imirable ance the processor leaves the
foundry, Configurable prucessors, on the
ether hand, remain mutable or the hard-
weare level: The elemental lopic gates,
inmeer connectons, inputs, and augps can
I programmed and reprogrammed—
canfligured and reconfigured—by the end
LREE, i the feld. PG As thus comlbdne the
prime advaniage of general-purpose
coanputers, progrommability, with che

prime advantage of application-specihic
intepeatod ciccuits, efficiency,

FPCiAs no ocoapy a rather simall aiche
in the compuring indusery; sngineers are
waing them in applications like image pro-
Ceaging, data encryption, and bio-inspined
bardware, which make use of an FPGAS
reconfipurahility. Last vear, one compsany
announced a geperal-purpose micro-
processor chip, 635 percen: of whose sur-
face s reconfigurable, with only 35
percent serving as @ classic controdler 1o
manage the chips operacien []. Turley,
“Triscend EF Reconfigures Microcon-
trallers,” Microprocessor Report, Moy,
16, 1998, pp. 12-13), This trend will con-
cinne, with general-purpose processors
incorporating inore reconfigurable, on-
chip surface, In a few vears such hylerid
programmahle and confipurable proces-
sors conld play 4 major role within the
Codmptang industry,

IRAKING HARDWARE SOFT
Programming cither FPGAs or hybeid
processors wsually involves sofrware,

Processors that can be
configured by end users
promise to combine hard-
ware's speed and efficiency
with software’s flexibility.

Today, the same trend thar Wilkes
observed over a decade pgo has ex

panded to cncompass a much lacger
scale: Confligurable processors work
hand in hand with a medley of sofrware
tonls, and the typical hardware designer
now relies move on 3 workstation chan
anoscilloscope, Flardware engineers thus
find themselves increasingly vsing soft-
ware tools, while a growing sumber of
serfrware designers have began using con-
figueable circuirs,

Soft lagic

Logic design=—specifically the design
ol l'.‘lliilt".l| circuits—while noc necessar ||:|-
less hard today than in years past, is at
lease loss hardware-incensive, Yor exam-
ple, suppose you want 1o develap a
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device that recognizes English characiers,
You could doso by writing a program in
a high-level language such as C++ or
Java, with the intent of running it an a
standard PO or workseation.
Alteenatively, vou could take the hard-
warg approach and use a configurable
vircuit and a high-level havdware descrip-
tion laoguage, such as VHDL, o write
vour chaeacter-recognition  program.
Because the languapme you'se nsing oped-
ates ab a high level, you can design vour

circait from the top down, choosing the |

tovel of abstraction at which vou feel
comforeable workiig, Doing so lets you
wse the hardware description language ro
shield you from most hardware design
drudgery.

For example, with such sofeware tools,
sehwmrialic cajitvive-—the design of the cir-
cuit layout and incerconnects—oeours
aucomutically, generating the circuit
design using a compiler tha processes a
high-Bevel description. Yet ciccoit design-
ers can still intervene direcely from eime
to time to manvally optimize the lavout.
Moreover, developers can now purchase
inteliectuad-propenty hardware modoles.
These I medabes echo the eradiional
software packages, in which not eyvery-
ching is programmed feem scratch, hue
vonsiats i part of prebuile sefrware mod-
ules, known as packages or libraries, The
hardware approach, however, offers a
fascer and more efficient character-recog:-
niton wachine than the programme:l-
wuckstation version could provide.

Codesign codependencies

Laogic designers who use such high-
bevel sofrwarve tools muse, however, con-
front 2 new problem-—ecodesiprn, which
addresses the joint development of a sys-
pem's software and hardware compo-
nents, For example, teday's teehnology
wolld not permit our charaorer-recopns-
tlon maching 1o be implemented enrirely
i configurable hardware, bocause dodug
so wanld cost voo much, To save money,
we would sHll rely on softwaee lor some
pares of our maching, Flow would the
designer determine where 1o place chis
dividing line between sofrware and hard-
ware? Generally, an expericnced co-
desipner would atrempr to implement an
application’s Hme-consuming compo-

Resources

Far information an the International Workshop on Hardware/Software
Codesign (COEIES) see httpffwww.computen org/eonferen/proceedicodes!

H442/8442p00.him,

‘T sices offer infonmarion on the IBEE Symposium on FPGAs for Custom
Computing Machines [FCCM), another international confoerence in che field
of hardware-software codesign: htepafwww lcom.org and  htepsiwww.
compuresnrgiconferenproceed Teem/SR 0N 900 e, htne,

bor more information on Labowsat (from lebarataire matériel, French foe
hardware laboratary), see hopelslaww.epfl.chilabomat.

nents in hardware, thus maximizing cxe-
culion specd. Kngwi as the partitioning
Preoblem, chis issue is bot one of soveral
that confront codesignes,

cvelapments in configurable com-
n]:-uting increasingly hlur the line

hetween hardware and saftwars, &
trend chae pepresents o twajor shife in
i:-;.'lrnpuml;; practice. To leep cheir offer-
|ﬂ-¥ﬁ carrent and fC[E!'ll'i'l[“.', LIV IsiLies
should modify their compurter science
enrricnla to betrer prepare seudents for
this new e, Althongh hardware design
is much more software-oriented now,
aspining computing stuclemts seill necd
courses that cover hardware syachesis
techniques, codesign methodalogies, and
rcdule rewse strategies, Studenes should
also exporience weorlcinp in feams,

At our institute, we have developed
such a new curriculem, By offering soy-
eral hardware eourses ac both the ele-
mentary and advanced lovels, we help
students altain & deeper and beoader
knowledge of conligurable hardware
design, Moreover, over the past fow years
wr have invested in the design and con-
structon of soveral FINGA-based hoards

!otor use as teaching platforms, These

Editors; Jerzy W. Rozenblll, Unlvarsily of
Arlzana, BGE J20E, Tecsom, AL B6721;

{r&ece.arizana . odu; and Sanjays Kumar,
Honeywell Teehaotagy Cenlar, BS MNES-
2200, 3660 Technology Dr,, Minneapoliz,
N 55410; skimardhle, honeywell . som.

haards let studenrs gain hands-on expe-
rignce with technologies they'll use in
real-world jols, For example, using our
Labomat board, a three-seudent ream
designed and costed a simplified floating-
potot anit i fve theee-hour sessions. #

Muwslne Sifrber is g senior tesaarchar and
Eduardo Sanches is a professor with the
Logic Svitems Laboratory at the Swiss
Federal Institwic of Teckrology, [aw-
samdte, Contact Sipper ai woshe sifryerit
epfl.ch and Sanchez ot eduardo sanchez®
il et
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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

1832

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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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

1835
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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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Costs
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Figure 10: Solution Enablers
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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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| What is the definition of “web quality” authors gave and why they gave this
definition? (10%)

2. Why authors mentioned “web site quality measurement is neither simple nor
straightforward™? (15%)

3. The web quality representative items was dropped from 102 to 25, please indicated
each stage what the authors have done? (30%)

4. What are the conclusion pointed out by the authors after reviewed of the literature
and why they pointed out these conclusions? (15%)

5 Please comment on how this web quality instrument can be used to enhance the
effectiveness of electronic commerce. (15%)

6. What have you learned most from this research, could you apply it, please give an
example, to any research topics you are interested in? (15%)
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Abstract

Many of the instruments to measure information and system quality were developed in the context of mainframe and
PC-based technologies of yesteryears, With the proliferation of the Internet and World Wide Web applications, users are
increasingly interfacing and interacting with web-based applications. It is, therefore, important to develop new instruments
and scales, which are directly targeted to these new interfaces and applications, In this article, we report on the development of
an instrument that captures key characteristics of web site quality from the user’s perspective. The 25-item instrument
measures four dimensions of web quality: specific content, content quality, appearance and technical adequacy. While
improvements are possible, the instrument exhibits excellent psychometric properties. The instrument would be useful to
organizations and web designers as it provides an aggregate measure of web quality, and to researchers in related web
research, £ 2002 Elsevier Science B.Y. All rights reserved,

Kevwords: Intemet; Electronic commernce; Web site quality; Instrument development; Web measures, Web design

1. Introduction

The last few years have witnessed a technological
revolution fueled by the wide spread use of the Inter-
net, web technologies and their applications. The
literature is replete with accounts about organizations
from various types and sizes integrating web technal-
ogies into their operations [9,20,27.34,44.47]. This
wide interest in the subject is attributed to the fact
that organizations are becoming aware of the possible
implications of the Internet on their work, Polential-

: Caorresponding authaor, Tel,: —965-254-92035;
fax: +965-254-408.
E-mail addresses; adwani @ kucll kuniv.edu kw (AM. Aladwani),
pepalvia@uncg.eda (PC. Palvia).

PTel: 1-336-334-5666; fax: = 1-901-334-4DE3,

ities of web applications are remarkable leading many
organizations to spend awesome amounts of money on
these technologies. Using web technologies, an orga-
nization can reach out to customers and provide them
with not only general information about its products or
services but also the opportunity of performing nter-
active business transactions, Organizations investing
in web technologies and applications are looking
forward to realizing the benefits of these investments,
however, this would not be possible without an appro-
priate tool for measuring the quality of their web sites,

Construct measurement in general and in the con-
text of web technologies and applications in particular
is a challenging task, hence, deserves more attention
from researchers interested in this phenomenon.
However, web site quality measurement is neither
simple nor straightforward. Web quality is a complex
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concept; therefore, its measurement is expected to be
multi-dimensional in nature. Current research on
web guality seems to pay less attention Lo construct
identification and measurement efforts, Only limited
acadernic research exists, but it is fragmented and
usually only discusses the meaning of some aspects of
web quality. At the practitioner level, several com-
mercial ranking systems are available to rate web
sites according to certain quality attributes, e.g. Web
Awards (www.webaward.org) and The Web Awards
(www.thewebawards.com). These ratings, however,
lack clarity in terms of criteria used and the ranking
methodology. The problem is exacerbated by the
paucity of systematic and empirically derved sysiems
For rating the quality of web sites, Today no multi-item
scale is available to measure users” perceived web
quality. The provision of such a scale will further
enhance management’s ability to exploit the full
potential of the Internet.

The objective of this study is to develop an instru-
ment to measure perceived web quality from the
perspective of Internet users. This instrument and
proposed scale would be valuable to researchers
and practitioners interested in designing, implement-
ing, and managing web sites. The rest of the paper is
organized as follows. The next section reviews prior
research related to quality in IS/IT and more specifi-
cally, web quality, The following sections and its
various subsections describe the measurement and
the vartous steps involved in scale development. The
final section discusses applications of the proposed
scale.

2. The concept of quality in IS research

Quality is not a new concept in information systems
management and research, Information systems prac-
titioners have always been aware of the need Lo
improve the information systems function so it can
react to external and internal pressures and face the
critical challenges to its growth and suryvivability [1].
Moreover, information systems scholars have been
concerned with definitions of quality in information
systems research. Information systems researchers
have attempted to define data quality [21], informa-
tion quality [23], software/system quality [35], doc-
umentation quality [14], information systems function

service guality [22], and global information systems
quality [31]. More recently, there has been some
effort to define quality in the context of the Internet
[25]. However, the web quality concept remains
underdeveloped.

Web quality is a vastly undefined concept. For the
most part, existing scientific research discusses the
meaning of some aspects of web quality in a descrip-
tive manner without delingating its major dimensions
or providing tested scales to measure it. For example,
Liu and Arnett [25] named such gquality factors as
accuracy, completeness, relevancy, security, reliabil-
ity, customization, interactivity, ease of use, speed,
search functionality, and organization. Huizingh [19]
focused on two aspects of web quality: content and
design. Wan [45] divided web quality attributes into
four categories: information, friendliness, responsive-
ness, and reliability. Rose et al. [36] provided a
theoretical discussion of technological impediments
of web sites. The authors highlighted the importance
of factors such as download speed, web interface,
search functionality, measurement of web success,
security, and Internet standards. Misic and Johnson
[29] suggested such web-related criteria as finding
contact information (e.g. e-mail, people, phones, and
mail address), finding main page, speed, uniqueness of
functionality, ease of navigation, counter, curTency,
wording, and color and style. Olsina et al. [33] spe-
cified quality attribotes for academic web sites. These
authors took an engineering point of view and identi-
fied factors such as cohesiveness by grouping main
control objects, direct controls permanence, contex-
tual controls stability, etc. Bell and Tang [3] identified
factors such as access to the web, content, graphics,
structure, user friendliness, navigation, usefulness,
and unique features. Another useful stream of research
is by Ho [18] and Sakaguchi et al. [38] where they
investizate key web-site characteristics on the purpose
and value dimensions. While the purpose dimension
relates directly to the contents of the site, the value
dimension relates more to the quality aspects.

The trade press and Internet sources also discussed
some aspects of web quality attributes. For example,
Schacklett [39] proposed nine tips for improving web
site quality, including effective use of graphics and
colors, 24/7 web site accessibility, and ease of web sile
use and navigation. Levin [24] offered tips to help a
company with web site design including fast web page
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download, web page interactivity, and current content,
among other factors. Wilson [48] recommended
avoiding seven mistakes relevant to web site design.
Furthermore, based on their own personal experience,
Barron et al. [4] recommended 39 guidelines relevant
to web site graphics, text, links, page size and length,
and multimedia.

Three conclusions can be drawn from the above
review. First is that past web quality research, albeit
useful, is fragmented and focuses only on subsets of
web quality. For example, Rose et al. [36] list six
factors, and Bell and Tang [5] mention eight factors.
Misic and Johnson’s [29] study was more extensive,
but it missed several critical factors such as web
security, availability, clarity, and accuracy, o name
a few. Liu and Arnett [25] list 11 items and two
dimensions of web quality—information and system
quality. Like the other studies, several important qual-
ity dimensions are missing from the authors’ list.
Second, past research lacks rigor when it comes to
measuring the web quality construct. In some cases, an
ad hoc web quality tool was suggested [5,25,29].
However, it is not clear to the reader what is the
domain of the measured construct or what refinement,
validation, and normalization procedures were em-
ployed. For example, Liu and Arnett’s scale included
items about information to support business objec-
tives, empathy to customers' problems, and follow-up
services to customers. These items loaded on the same
factor, which they called “information quality”. In
addition, double barreled items can be found in their
scale, e.p. security and ease of use. Third, the majonty
of the suggested web quality attributes and scales are
relevant to web designers than to web users; like for
instances, the ideas and scales proposed by Liu and
Arnett [25] and Olsina et al. [33],

The previous discussion underscores the fact that
the web quality construct lacks a clear definition and
web quality measurement is still in its infancy, With
this background, we embark on developing a sound
instrument to measure user-perceived web guality.

3. The measurement process
A number of psychometric researchers have pro-

posed several procedural models to help other re-
searchers develop better scales for their studies, e.g.

[3,7]. Applying these concepts, MIS researchers have
developed several instruments, e.g. the end user com-
puting satisfaction by Doll and Torkzadeh [11] and the
microcomputer playfulness instrument by Webster

and Martocchio [46]. Straub [42] described a process
for ereating and validating instruments in IS research,

which includes content validity, construct validity and
reliability analyses, Three generic steps common in all
these models include (1) conceptualization, (2) design,
and (3) normalization. Conceptualization focuses on
content validity, involves such activities as defining
the construct of interest and generating a candidate list
of items from the domain of all possible items repre-
senting the construct. The second step, design focuses
on construct validity and reliability analysis. It per-
tains to the process of refining the sample of items
from the previous step to come up with an initial scale,
deciding on such operational issues as question types
and question sequence, and pilot-testing the initial
scale that has been developed in the preparation stage.
The third and last step concerns the effort to normalize
the scale that has been developed. It involves the
important steps of subsequent independent verifica-
tion and validation. Unfortunately, this step is omitted
in many scale development efforts. In the conduct of
these steps, several analytical techniques can be used
such as factor analysis and reliability analysis as we
will describe next.

3.1, Conceptualization

The first step in our measurement process is con-
ceptualization. This step involves delimiting the
domain of the construct and generating sample items
representing the concept under consideration. In order
to ensure content validity, the instrument needs to
draw representative items from a universal pool [8].
In the present study, we define perceived web quality
as users' evaluation of a web site's features meeting
users’ needs and reflecting overall excellence of the
web site. This definition is important to delimit the
domain of web quality and determine relevant litera-
ture from which the researcher can generate sample
items for the web quality construct.

Overall, our review of the academic literature and
relevant trade press articles identified three dimen-
sions of web quality: technical adequacy, web content,
and web appearance; and yielded 102 representative
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items. The sample items were imbally assessed using
a Delphi method. Two information systems scholars
were asked to evaluate the items and make changes to
eliminate repetitive items, technical/mon-user onented
items, and sub-attributes of higher level attributes.
After three evaluation rounds, 35 web quality attri-
butes remained in the list. The experts deleted items
such as: relative versus absolute links, invalid internal
links, invalid external links, make paragraph text flush
left, disclaimer note, quality of link phrase, color of
hyperlinks, what's new feature, counter availabilicy,
long domain name, time and date, vertical scrolling,
horizontal scrolling, errors free site, ete, Table 1 sum-
marizes web quality dimensions and sample items.

3.2 Design

The second step in our model is scale design. As
mentioned earlier, the focus here is on construct
validity and reliability analysis. These are in essence
operational issues and investigate whether the mea-
sures chosen are true constructs describing the event or
merely artifacts of the methodology itself [6,8]. Sev-
eral tests were conducted in order to refine the instru-
ment. We started out by arranging the selected items in
4 questionnaire format in preparation for data collec-
tion. The items were measured using a seven-point
scale ranging from (1) “extremely not important’ to
{7) “extremely important”, Following Churchill's [7]

Table 1

Mujor web gquality dimensions

recommendations, we subjected the instrument 1o a
two-stage data collection and refinement procedure.
The first stage was used for design and the second
stage for normalization.

In first stage of data collection, the 55-item instru-
ment was administered to student web users enrolled
in three different sections of an introductory informa-
tion systems class at a business school. A total of
104 web users participated in our study. Of these, we
collected usable responses from 101 web users. All of
the students in the sample were from 18 to 21 years
of age. Approximately, 64% of the respondents are
females, and 36% are males. Of the students that
participated, a majority were business majors,

We first computed reliability coefficients of the
scales using Cronbach’s alpha. The alpha values for
technical adequacy, web content, and web appearance
came as 0.77, 0.70 and 0.59, respectively. Reliability
tests suggested that screening the data along Church-
ill's recommendations would improve reliability
levels. We screened the collected data by discarding
items that showed very low corrected item-total cor-
relations, i.e. <0.40. After several screening attempts,
30 items remained in our pool of items. Reliability
levels for the reduced web guality dimensions came as
(.89, 0,86 and 0.81 for technical adequacy, web con-
tent, and web appearance, respectively.

Next, we factor analyzed the 30-item instrument to
examine the dimensionality of the construct. In our

Dimension Sample items

Sample suppor references

Technical adequacy

Security; ease of navigation; broadeust services; mited vae of special plug-ins;
seqrch Tacilities, amonymity; availability; walid links; reliability; browses

(231 [ [130; (150 [24)
[33]. [36): [43]; [12]

aniffing; personalization or costomization; speedy page loading; interactivity;
ease of pcoess; multi-language suppor; protected content; bockmark Facility

Web content

Usefulness of content; completeness of content: clarity of conteal; uniquensss
of content; broadness of content; originality of content; currency of content,

[231, [26], 12901 137) [41%
[4]: 153]: [17]

conciseness of content; accuracy of content; finding contact info.; finding
pecple withowt delay., finding site maintainer; finding links o relevant sites;
finding firm’s general info.; finding products/services details; finding
customers” policies; finding customer support; finding FAQ list; finding
free services: using limited registration forms: finding online hetp;

diversity of content; finding free info
Web appearunce

Attractiveness; distinctive hot buttons; changing look; organization; proper use
af fonts;, proper use of colors; proper use of graphics; graphics-text balance;

[19]; [ [39); [28] [29);
[40; [2]; [4]; [E7]

proper use of multimedia; style consistency; proper choice of page length; good
labelimg; wxt-only opfica; proper use of languagessivle; color consistency
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quest for a stable factor structure, we followed an
iterative procedure that began with submitting the
items to a factor analysis procedure with varimax
rotation. Hair et al. [16] suggest that item loadings
>(0.30 are considered significant, >0.40 are more
important, and >0.50 are considered very significant.
There are no accepted “absolute” standards for the
cut-offs; the choice is based on judgment, purpose of
the study, and prior studies, Since our goal is to
examine the most significant loadings in interpreting
the factor solution, we decided to use a cut-off point of
(.50 for item loadings and eigenvalue of 1. After the
first iteration, we examined items loadings and elimi-
nated items that did not meet the loading cut-off or

loaded on more than one factor. We then resubmitted
the remaining items to another round of factor ana-
lysis. The process went on until we reached a mean-
ingful factor structure. The factor analysis revealed
seven factors with eigenvalue of =1 (see Table 2). The
scree test, however, indicated that a four-factor solu-
tion was appropriate. At the end of the factor analysis
procedure, 25 items remained,

The results showed that there were four web guality
dimensions not three, as proposed earlier. It was found
that web content s not unidimensional, but comprises
two dimensions: specific content and content quality.
Specific content (five items) reflected concerns related
to finding specific details about products/services,

Table 2
Principal component analvsis with vanmax ro@gdon—Ifrst study

Companent

Fueftor 1 Fuactor 2 Factor 3 Fuctor Facior 5 Factor & Factor 7
Security (.70 (.05 14 022 0.0 L35 006
Ease of navigation 0.74 .07 013 o2 0.15 0.19 017
Broadcast services 012 1,149 .32 [h0r7 0.44 0.06 047
Search facilities 0.76 0.15 Q.04 0.14 0.03 (.04 —0.03
Availability 0,78 008 (.08 14 =019 FEW ] —[.0%
Valid links 0,77 —0.12 0.08 13 .00 012 0.1
Reliability .21 (.03 —, [ ~(L.14 .01 070 0.37
Browser sniffing 025 —i1.{16 0,23 =104 71 0.1 0.0
Personalization or cusiomization 069 =02 na2 0.01 (.10 ~[.03 (.04
Speed of page loading 0.78 011 024 001 0.20 =15 =009
Inreractivity {164 0,07 14 (3,601 —-0,19 -1l 4
Ease 10 access the sile (.72 .13 120 .11 022 0.02 =107
Uzefiness 013 0.14 —{L.03 .7 008 ~0.m -2
Completeness 0.2l Q.10 (.08 .71 0% =117 =003
Clarity 0.02 .18 0,12 0.81 ~(L.0B ~{1.04 0.06
Currency B.O7 0.08 0.1 6 .73 ] 12 .10 =12
Concisenzss 04 017 0,15 0,78 0.08 .04 —0.06
Accuracy 0,16 ~0.02 =-0.02 0.66 —i1.20) —0.02 0.24
Finding contact information 0.7 (.19 0.03 082 0.0 =002 =03}
Finding firm's general information (.06 085 =002 0.5 A .08 022
Finding products/services 0.07 .59 .03 012 0,04 (L2 -0.30
Finding customers' policies 11 0.77 =06 0.17 —{.0% —{L13 .12
Finding customer support .04 3t —0.03 014 (.01 Q.14 0.33
Artractiveness 0.26 01 (h.74 .02 —0.05 —0.07 019
Crrganization 0.24 0.05 .70 o .06 0,19 ~0,12
Proper use of fonts n.aT ~{1.0& 0.35 0,15 0,04 ~{1.04 —{1035
Proper use of coloms B R 004 (1,82 .06 {05 {114 [3,0d]
Proper use of multimedia .13 =105 .81 11 .05 {10 0,07
Style consistency =02 040 0,26 .13 —{L68 (.05 .14
Good labeling .03 004 031 .03 —{LD5 0.70 L]
Eigenvalue 328 133 159 163 |46 1.37 1.18
Variance explained 2.176 2127 0,123 .12t 0.049 0.046 0.039
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customer support, privacy policies, and other impor-
tant information. Content quality consisted of five
items and dealt with such attributes as information
usefulness, completeness, accuracy, and so on and so
forth. Another round of reliability tests resulted in
alpha values of 0,91, 0.91, (.85 and 0.87, for technical
adequacy, specific content, content quality, and ap-
pearance, respectively.

1.3. Normalization

To verify and validate the four dimensions of
perceived web quality, the 25-item instrument was
tested using another independent data set. A sample
of 127 students web users enrolled in four different
sections of an introductory information systems class
at a business school were asked to participate in
second study and to indicate their agreement or
disagreement with the 23 statements. The users were
assigned to four different groups to evaluate the sites
of a bank (25 students), a bookshop (31 students), a
car manufacturer (34 students), and an electronics
retailer {37 students). The goal was to examine
reliability of the proposed instrumenl across web
types. Before completing the questionnaire, the users
were asked to read a brief overview of the study and
were instructed to navigate through the assigned weh
site for some time. At the end of this exercise, we
collected usable responses from all the participants.
OF the students that participated in second study, a
majority were business majors and 61% were
females. All of the students in the second sample,
like in the first sample, were from 18 to 21 years of
age.

Reliability scores were 0.92, 0.94, (.88 and 0.88, for
technical adequacy, specific content, content quality,
and appearance, respectively. The overall reliability of
the 25-item scale was 0.91. Cronbach's alpha of the
same scale for the bank subgroup is 0.95, for the
baokshop subgroup is (.91, for the electronics retailer
subgroups is (.70, and for the car manufacturer sub-
group is 0.92. These scores are above the reliability
cut-off points suggested by Nunnally [32].

Testing for convergent and discriminant validity
allowed us to further assess construct validity. Con-
vergent validity was first examined by submitting each
scale’s items 1o a principal component analysis pro-
cedure with varimax rotation to explore the underlying

dimensions of the construct. The usual cut-off point
of 0.50 for item loading and eigenvalue of 1 were
used in second study like first study. All sub-scales of
perceived web quality showed adequate convergent
validity (Table 3). In every factor analysis run, each
scale’s items converged cleanly on the same factor
representing these items. The results of the factor
analysis procedure were consistent with the results
of the first study. Table 3 shows that there are four
factors explaining 67% of the variance in perceived
web quality. :

We also used the multitrait-multimethod matrix
(MTMM) approach [6] to evaluate the convergent
and discriminant validity of the instrument, Conver-
gent validity determines whether associations between
scales of the same group are higher than zero and
large enough to proceed with discriminant validity
tests, In the present case, for every single variable, the
correlations in the validity diagonal (i.e. items of the
same variable) are higher than zero. All 71 correla-
tions between items within the variables were signi-
ficant at the 0.01 level. The smallest within-variable
correlations for the various variables are technical
adequacy: 0.436, specific content: 0.442, conlent
quality: 0.653, and appearance: (.515.

We examined discriminant validity for each item
by counting the number of times an item correlates
higher with items of other variables than with items of
its own variable. For instance, the lowest own-variable
correlation for technical adequacy is 0.436, and none
of the correlations of technical adequacy with items of
other variables are >0.436, i.e. number of violations is
zero, Campbell and Fiske suggest that: for discrimi-
nant validity, the number of violations should be <50%
of the potential comparisons. We retain items where
violations are <50% as per this criterion, and reject
iems where violations are >350%. Discriminant valid-
ity results showed that all of the tests exceeded the
benchmark and were at 0% violations and this was true
for all four sub-scales, Thus, the factor and scale
structure reported in the first study was corroborated
in the second study,

As further evidence of the validity of the perceived
web quality (PWQ) construct and its four dimensions,
we examined the relationship between the construct
scale ratings and users' overall quality rating (OQR)
for a well-known web site, The web users in second
study were also asked to evaluate the overall guality
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Table 3
Principal component analysis with varimax rotation—second study
Component
Factor 1 Factor 2 Factor 3 Facior 4
Security 0.73 (.08 .27 Q.11
Ease of navigation 0,80 0.13 014 .06
Search facilities 077 0.20 017 ={1.02
Availability 0.75 0.08 017 002
Valid links 0.E1 =104 .16 08
Personalization or customization 0.73 003 .05 X8l
Speed of page loading A 0,13 004 .15
Interctivity 0.75 (.04 (.08 .09
Eaze of accessing the site 0.69 0,26 o1l _ 14
Usefulness 0.20 0,24 072 0.10
Completeness 0.23 0.07 0.74 0.07
Clarity 012 0.10 0,85 0.08
Currency: 11,08 0.09 0.79 .06
Conciseness (.08 0.22 037 (k14
Accuracy 21 0.04 0.70 007
Finding contact information (140 091 0.13 012
Finding firm general information (.16 0.87 {135 0.08
Finding products/services details 009 0.80 13 0.2
Finding customers’ policies {e.g. dispute policies) 014 0.32 {18 0.04
Finding customer suppon 0,19 .83 .13 0.09
Attractiveness 020 (0B 0.03 076
Organization 016 .17 008 .74
Proper use of fonts 0. (h05 Q.17 084
Proper wse of colors ={).01 k11 .04 85
Proper use of multimedia 0.08 —ro {113 D5
Eigenvalue 5449 4,13 3835 144
Variance explained 0.219 0165 154 0.137

of the web site on a three-point scale: (1} fair, (2) good
and (3) excellent. Table 4 summarizes our results and
reports the correlation matrix along with variables’
means and standard deviations. The four dimensions
of perceived web quality correlated significantly with

each other and with the overall index of perceived web
quality: PWQ. The highest correlation between the
variables comprising the four dimensions perceived
web quality was between technical adequacy and
content quality (Pearson’s r = 0.38), whereas the

Table 4
Correlations among constructs und descriptive statistics
Appeprance Specific Cantent Technical Perceived Owerall
content gualicy adequacy web quality guality cating
Specific content 023"
Content quality n.a25"" 0,35
Technical adequacy 023" 032" 0,387
Perceived web quality 057" 063" 076" 072"
Crverall quality rating 0,43 030" 0.53™ 073" 0,73
fdean 4,17 4,42 4.38 4,49 4,41 2,28
5.0, [ L0 | (3 f.08 1.19 071 (&l

TR0,
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Tahle 5
The user-perceived web quality instrument

Strongly disagree Strongly agree
l.. " web site looks secured for carrying out transactions (e.g, uses S50, ] 2 3 4 5 & 7
digital certificates, ate.)
L s web site looks easy to navigate through H 2 3 4 5 & 7
3 s web site has adequate sexrch facilines i 2 k| 4 ] & T
4, s web site i alwavs up and available L 2 3 4 5 & 7
3 s web site has valid links (hyperlinks} L i 3 4 5 B T
& "5 weh site can be personalized or customized o mesl one's needs [ a7 i Pl 5 £ T
7. Weh pages load fast in s web sike | 2 1 4 5 f 7
a s weh site has many interactive features (2.8, oaline shopping, etc.) | 2 3 4 5 ) 7
9 s web site is easy 1o access {i.e. has a reflective and widely registered name) ] 2 3 4 5 fi 7
19 The content of s web site is wseful i 2 3 4 5 G T
11 The content of ____'s web site is complete | 2 3 = 5 ﬁ 7
12, The content of ‘s welr site is clear | 2 3 4 5 & 7
13, The content of ____"s web site is current 1 2 3 4 5 s 7
14 The content of s web site is concise 1 2 k! 4 5 & 7
15, The content of 's web site 15 accurate 1 2 3 4 5 6 7
14. In "5 web site, one can find contact information (e.g. e-mail addresses, 1 a 3 4 5 i 7

phone numbers, .}

1T In "5 web site, one can find firm's generel information (e.g. goals, owners) i 2 3 4 5 f 7
18, In _____"s web site, one can find details about products andfor services i 2 3 4 5 f 7
19, In "5 web site, one can fnd information reloted to customens' policies I 2 3 4 5 i 7
2.z privacy and dispute degails)

20, In "s web site, one can find information related o customer service

Al s web site [ooks attraciive

2L ___ s web site looks organized

23, s web site uses fonts propery
24, "5 web site uses coloms propery
3, ‘s web site wses moltimedin Teatures properly

b B e B e el
b Lo B e
EE . B
Ln %n O ot ln L
& 2 O O O
o L R R |

lowest correlation was that between technical ade-
quacy and appearance (Pearson’s r = {(1.23), In addi-
tion, the four dimensions of perceived web quality
correlated significantly with wsers' overall quality
rating for the web site; the association between
OQR and technical adequacy was the highest (Pear-
son's = {0.73), whereas the association between
OQR and specific content was the lowest (Pearson's
¥ = (1,30}, The results clearly give further credence to
the sound psychometric properties of the instrument.

The final 25-item instrument for user-perceived web
quality is shown in Table 5. We believe that the
instrument, having undergone extensive evaluation
and validation, represents significant progress towards
the development of a standard instrument for measur-
ing perceived web quality. Moreover, the instrument
is precise and easy to use, It can be utilized to evaluate
webgquality at an aggregate level. The modelfinstrument

could also serve as a starting point for a detailed
evaluation of web sites.

4, Conclusion and implications

Past web quality research has focused on general
description of some specific aspects of web quality
and paid little attention to construct identification
and measurement efforts. In this study, we moved
beyond descriptive and narrative evidence to empiri-
cal evalvation and verification by developing a multi-
dimensional scale for measuring user-perceived web
quality. The results of the two-phased investigation
uncovered four dimensions of perceived web guality
(technical adequacy, specific content, content quality,
and appearance) and provided evidence for the
psychometric properties of the 23-item instrument.
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Another contribution is that while past web quality
research focuses mostly on the perspectives of web
developers and designers, the current study targets
the web users. In this era of intense competition
and customer responsiveness, the users are major
stakeholders and should not be ignored.

The limitations of the study include those costo-
marily associated with instrument-building and survey
methods, However, the extensive testing and valida-
tion improved the internal validity, and using several
groups of subjects improved the external validity and
generalizability of the instrument to a larger popula-
tion. Nevertheless, instruments are always subject to
further improvement and we encourage fellow re-
searchers w do so.

The web quality model/instrument has practical as
well as theoretical and research applications. In terms
of practical applications, a validated instrument pro-
vides an important tool for assessing the quality of web
site. The Internet is hosting hundreds of millions of
web sites varying widely in terms of quality. The
scales might be used to assess the quality of a given
web site. This could be caried out at the overall
quality level using the 25-item instrument or at a
specific quality dimension level, e.g. using a sub-scale
of one of the four dimensions of perceived web quality.
This evaluation may provide a fast and early feadback
to the firm. If the firm finds itself lacking in any of the
dimensions, then it may do a more detailed analysis
and take necessary corrective actions, The four dimen-
sions and the 25-items of the instrument may also be
used by web site designers in a proactive manner, The
dimensions and the items may be cansidered explicit-
Ly in the site design, Additionally, a firm may want to
assess the relative importance of the four quality
dimensions and the specific items in ils own context,
While this study provided their relative importance
based on its own sample, each firm is unique based on
its products, services, customers, business strategies,
ete. Such an evaluation would facilitate the design of a
quality web site in the first place,
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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)

Tahle | _ Table 2
SenTe Vrekghiled Soare
Wekght Fastar Mlaneapolis  Wimiipep  Springfickd . Facdur Pelfr e L5 Whsm|peg Saringfictd
. - T Trosimily s QUsiMRen 35 2.5 1635
e ' s I e -

.23 Prawinsty V-t i Lo sl eoissAUE IO prices i ERLY 150
1% Land and comstructian pHoes it ) 50 Bage s .50 675 a0
13 Wnge rles n 45 !_:'?l Brupemy axas .00 SIH 1K
DID Progeny aves o W Husiniss @nss .00 L ol
0 Badnes lines & e A Crownercial vl .00 630 250
010 Commencial el il LE L T 54D 140 440
0404 Insmmee sl Tt 3 B0 Ofie sesvices 6.0 fi, 3 L

1 Dl services THt ) & —
- Sum of weighied srores 815 665 1215

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%)






