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Unit One

Management Science and

Engineering EHftFE S5 T

§1 Professional Words and Phrases (&)L ialiC 5 iR 4)

1. Key Words

miniature n. #Z &K a. /MDA

institutionalization n. i B4k, 2 3t A&k

necessitate vt. AR 3 B LB

interrelate vi. (ff)#H XE

_controversy n. S, %W

introverted a. YE# A MK

extroverted a. PE#&SMNERY

salient a. BEH, KHK;n. A, O HH

4

_ proportionality n. e P

additivity n. A b4

amenable a. [ 3 9, B B B

" facilitate vt. A5 . RH#

_devoid a. BZ K, 2RVHM

dampen vt. f ¥ , {1 H % vi R
increment n. &, KA R

approachable a. BEEN,ESEANR, A
FE M

. contention n. 4,58, B

. contentious a. IFHH, IFFIEH
intuition n. E%,WHE, XN
determinant a. HHREHH,BEHN 0. R
EHEE . THIH
absenteeism n. JREER IR, ¥ T, GREH
perception n. H1%E . ARHEIAIR, W, HES
unanimity n. SRR, 2%

legitimacy n. &¥tE,EX 1
sociobiology n. &4 &%¥

taboo n. BT, %M a. BBM

incest n. FL.

neurophysiology n. #Z& 4L ¥

cognition n. (Z)AL IR

valium n. ${E L2

seminal a. R F 89, H7EH) , RAH
incentive n. HI¥, ¥Ry, shbl;a. WEIHT, R
Way

auction n. AL

testimony n. H#E,iEF B |

incumbent a. FAAXFH, EEKN;n. &
mE

lumpy a. M PIARFH, BRERK
coherent a. HRE—M, . EHK
homogeneous a. [f A9, FIZE ), 51
heterogeneous a. 5 i i JREN L ABSH
interminable a. J 1L 38, TLK B

expertise n. ¥ 1HI1R, &K LR
benchmark n. E¥E, B, KHER
brainstorming n. it 3k X R
enticement n. 3155, BB

contingency n. {8 & $F, BIPFEH  BRE

2. Key Phrases

operations research BEHE%¥ (OR)
linear programming model 2% L3 R
1



objective function B 5 k¥ non-negativity restrictions 3F PR E

constraints set R RK{FHE S feasible solution space #J47## %3 g
integer programming ¥ %0 deterministic coefficient #f & ¥ 2 %
assignment model 43Kl sensitivity analysis /8% 487
transportation model 1z g LRy organizational behavior #4147 J 2 (0OB)
goal programming H ¥ #L% caused behavior B| %47 H

minimum spanning tree &/ME BRI (MST) lump sum — ¥ fF k50, B 45
maximum-flow model &K FH K contingency variable {f§ % % &

inventory model FEFFHE Y simplex algorithm B4 B B
Markovian decision model /R 7] K e FE B heuristic model g A%

i) iconic model Xi {45 R

game theory ME L, KEKZ B ¥ unbounded solution TG &%
deterministic model &t A alternative optimal solutions Wf &A%
stochastic model FEHLEEL K basic solution &3t

§ 2 Text Problem-Solving Models in Management Science

€-¢:iboka 3ot BilY

There is no unique set of problems that can be attacked using management science.
There are, however, several broad classifications of types of problems that are encountered
under many circumstances or across several industries. Thus, various management science
models, or techniques, can be grouped into several basic classes. It should be recognized that
any of these basic problem-solving models may have a number of variations. Additionally,
the development of a specific management science model will often require the use of material
from probability theory, statistics, applied mathematics, engineering, and the physical sci-
ences.

This textbook will be structured around'a series of management science models, or tech-
niques. At this point we will provide an introductory , verbal description of these manage-
ment science models. Their mathematical structure will be discussed in subsequent chapters.
The problem-solving management science models, or techniques, to be studied in this text-
book can be classified as follows:

1. Mathematical Programming Models. Allocation problems arise when there are alter-
native ways of accomplishing objectives or when resources or facilities are not avail-
able for accomplishing each objective in the most effective manner. The allocation
problem then becomes one of combining resources and activities in a manner that opti-
mizes overall effectiveness. Most of the techniques used to solve allocation problems
are of a type known as mathematical programming. A linear programming model is
applicable when the objective function, such as profit, cost or quantities of goods,

can be expressed as a linear function and the restrictions on resources (constraints)




can be expressed as a system of linear equalities, or inequalities. If any of the con-
straints, or the objective function; are nonlinear, a nonlinear programming model is
required. In other instances, the solution values, or decision variables for the prob-
lem, may be restricted to being integer values. This restriction necessitates the use of
an integer programming model. Another useful type of allocation model involves the
assignment of a certain number of activities to an equal number of resources. Such a
model is called simply an assignment model. This allocation problem type becomes
more complex if the activities require more than one resource and if the resources can
be used for more than one activity. The allocation model applied to such problems is
called the transportation model. Finally, an allocation model may be structured in a
manner that allows consideration of multiple goals within its objective function. This

type of allocation model is called a goal programming model.

. Network Models. Network models are closely related to allocation models. They have

been proved to be particularly useful in the analysis of transportation and logistics
systems research and development projects, and information theory. One basic prob-
lem that is encountered in network analysis involves finding the shortest route
through a network. A similar network problem is that of choosing a set of connec-
tions that provides a route between any two points of a network in a way to minimize
the total length of these connections. This type of network model is called a minimum
spanning tree model. A third basic problem in network analysis involves -allocation
flows within a network, from a source to a destination, in a manner that maximizes
the total flow for the network. This type of network model is termed a maximum-
flow model. Project planning and control is a fourth problem area that has been suc-
cessfully analyzed using network techniques, especially PERT (Program Evaluation
and Review Technique) and CPM (Critical Path Method).

Dynamic Programming Models. Dynamic programming is a direct outgrowth of
mathematical programming and is particularly useful for problem situations having a
structure involving a sequence of interrelated decisions. Dynamic programming mod-
els are very valuable for analyzing decision processes that extend over a number of

time periods or events.

. Inventory Models. Inventory problems involve two decisions; how much to order at a

point in time and at what point in time to place an order. Inventory models thus re-
quire the balancing of inventory carrying costs against one or more of the following:
order or run set-up costs, shortage or delay costs, and costs associated with changing

the level of production or purchasing.

. Waiting-Line Models. Waiting-line, or queuing models are concerned with situations

in which random arrivals are occurring at a servicing or processing facility of limited
capacity. Thus, a product or customer requiring service is waiting for this service or a
service facility capable of providing the service is idle. The objective of waiting-line

3




models is to determine the optimum number of personnel or facilities necessary to ser-
vice customers or products that arrive at some random rate, while balancing the cost
of service and the cost of waiting.
Markovian Decision Models. Markovian decision models are applicable to problems
involving the analysis of the current movement of some variable in an attempt to pre-
dict the future movement of that same variable. Markovian analysis has recently be-
come very important in marketing research as a tool for examining and forecasting the
behavior of customers from the standpoint of their loyalty to one brand and their
switching patterns to other brands.
Decision Analysis Models. Decision analysis models are broadly applied to problems
involving decision making under uncertainty. The main elements found in decision
analysis models include .

(a) A set of alternative courses of action.

(b) A set of different possible consequences associated with each course of action.

(¢) A measurement of the degree of uncertainty associated with each possible con-
sequence associated with each course of action.

(d) A decision criterion to be used in choosing a single course of action.

Decision analysis models focus on the optimal selection of a course of action, giving
the possible consequences and their associated probability of occurrence.
Simulation Models. Simulation models are used to evaluate the merits of alternative
courses of action by experimenting with a mathematical model that is a representation
of the real-world problem situation. The mathematical model is designed to indicate
the functional relationships between the decision variables. Repeated simulation ex-
periments provide an indication of the consequences of adopting alternative courses of
action with respect to the decision variables. Simulation models are thus experimental
in nature, as distinguished from the previously discussed models, which are analytical
in structure.
Game Theory Models. Game theory models are used to develop competitive strategies

when two, or more, knowledgeable opponents are striving to attain some objective.

Discussion Questions (3 &% A &)

1.

2.

3.
4.
5.

6.

Can you develop a comprehensive working definition of operations research or man-
agement science?

What are the major characteristics of a simulation model?

What is the difference between a linear programming model and a nonlinear one?
Describe the model types that mathematical programming models include generally.
According to your knowledge, what is the difference between a static and dynamic

model?
What is the difference between a deterministic and a stochastic model?
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20,

1.

. Describe the main elements of decision analysis models.

§ 3 Interpretation Exercises (&%)

EIEYE T — FE RS, 7
REVGTIE— FEERS 5E8FHR S,

3 —4 MBA 24 fRR A IE 2 S B A — R A EE %,
BEE —TRERUWERMAEBRRITE F92

RE PR T X AR T HRER B,

HATA DA A P H R B R B R B A R — BT R

WA —T A FRESRERLRE.
RETH—FTREAR T, RUEAEEREREHR I,

L F AR, AN R BT B N AT R R — R B2, JORI XML A
AT AP LR E .

ARIA K 2 2B A W B R B R
EERABERT,RE R T — 44N AR

it 4 Tl T 7 B R AR

HE A, SHEHE, S EME I |

%S BREE, LRI R LRGN ES .

SRR TS R R A B TEAT B, BRI 7 SRR A 2 A AR T B AT

2 m T HENENZ —REEEES R,
ERBFE RINERLBEERELR,

TR R AR P, B AT
AMERB A SR B FEB I
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§ 4 Reference Answers to Interpretation Exercises

(DFEHISHER

Let’s have a study of the methodology of management science again.

Shall we make a study of the methodology of management science again?

Suppose/Supposing that we study the methodology of management science once again.

2.

3.

I wish to propose a discussion on the difference between management science and op-

erations research.
It is advisable for you, as a student of MBA, to know the importance of the study of

MS to a prospective manager.

As a MBA student, you ought to know the importance of the study of MS to a promis-

ing ma

4.

nager.
Why don’t you go over the contents of mathematical programming models before you
5




discuss it with me?

Suppose that you go over the contents of mathematical programming models before our

discuss
5.

ing it!

I recommend you to buy this book about behavior sciences.

I recommend buying this book dealing with behavior sciences.

6.

We could consult a veteran specialist on the economic interpretation of a production

scheduling problem.

What about consulting a veteran expert on the issue of economic interpretation about a

production planning.

7.

Please try to make an analysis in advance whether a feasible solution is an optimal

one.

8. It is my intention to get to know the difference between a linear equality and a linear

inequality in linear programming.

I am thinking of getting to know the difference between a linear equality and a linear in-

equality in linear programming.

9. For behavior sciences, people have different points: one is that behavior sciences is a

social science, and its counterpoint is that behavior sciences is genetically determined.

10

11

12.
13.
14.

15.
16.
17.
18.

19.
20.

. Do you think that managers should be highly democratic in the way that they super-

vise their staff?

. Is Gauss-Jordan Elimination method used in a simplex algorithm?

How do you determine when you have obtained the optimal solution?

Some people, after being frustrated, frequently become more aggressive.

After you learn something, you forget more of it in the next few hours than in the
next several days.

If you have reprimand someone for a misdeed, it is best to do so immediately after
the mistake occurs.

One of the significance in learning organizational behavior course is to master its
concepts, controversies and applications.

Successful top managers have a greater need for money than for power.

People are definitely either introverted or extroverted.

Exceptionally intelligent people tend to be physically weak and frail.

Only make regular performance evaluation and feedback system to managers, can

they bring their initiatives into full play.

Only through setting up regular performance evaluation and feedback system to man-

agers,

can their initiatives be brought into full play.

§ 5 Topics for Writing and Discussions GHi8 5 B YE4 )

There are five topics in this part, which are from the cases (or materials) given in sec-



tion § 6. For each case (or material), please read the content in detail out of class, then by
making the following references write an essay within 500 words according to the corre-
sponding material or case. And be ready to make presentation or discussion in oral English at
class.
1. Is the assumption of “linearity” in linear Programming realistic with respect to the
real world? ‘
» Basic introduction to linear programming
» Simple description for mathematical forms of the linear programming model
» Some properties related to linearity
+ Outline the analysis on the assumption according to your understanding
2. Give some examples of problems a manager might face for which the knowledge of
organizational behavior might prove beneficial for finding solutions.
» Simple description of the concept of OB
« Outline the key contents of OB
« Try to raise 2-3 realistic examples of problems that have something to do with OB’S
concept
« Explain for each problem the way to solve it under the guidance of a knowledge of OB
3. Discuss the importance and effect of opening access to infrastructure capacity, by
combining which try to put forth suggestions to Chinese railway reforms.
- Simple description of the key contents in material or case(3)
. Necessity'to make railway more competitive
« Several words of description of Chinese railway’s situation now
« Possible and feasible measures to be likely adopted in Chinese reforms of railway
4. Make analysis on the importance and effect of turning technical groups into high-per-
formance Teams.
+ The main idea of the paper
+ Concise description of the five guiding principles
» Analyze the effect of the matter
« Set up an concrete example to support your analysis
5. Outline the methodology of continuous improvement planning.
- The general idea of continuous improvement planning
« Qutline a systematic steps for the process

+ Conclude the functions of the planning to engineering management

§6 Supplementary Reading Materials or Cases

Crb 75 I 12 R B AR

1. Linear Programming Model
Introduction (with a Case Incident) (£& 5 #8458 B R H)



Linear programming is probably the single most widely used technique in management
science. Since George Dantzig introduced the simplex method for solving linear programming
problems in 1947, it has been used in myriad applications. It is now a standard tool that has
saved millions of dollars for companies in various countries of the world. Many articles and
textbooks have been written about its applications. In point of fact, a 1970 study made by
IBM estimated that 25 percent of all computer usage was devoted to some form of linear pro-
gramming.

Basically, linear programming involves the general problem of allocating scarce re-
sources among competing activities in an optimal manner. This type of allocation problem
arises naturally in a number of situations, such as scheduling production to maximize profits,
mixing ingredients for a product to minimize costs, selecting an optimum portfolio of invest-
ments, allocation sales personnel to sales territory, and defining a least cost shipping net-
work. In each of these situations, the common requirement is that some type of scarce or
limited resource must be allocated to some specific activity. Since the resources generally
produce profits or incur costs, the linear programming problem becomes that of allocating
the scarce resources to the activities in such a manner that profits are maximized or, alterna-
tively, costs are minimized.

Because of its significance and importance,, we will devote this and the next four parts to
linear programming. In this material we will introduce the basic concepts of linear program-
ming, emphasizing the model formulation process. We will also illustrate the use of a graphi-
cal procedure for solving linear programming problems having only two variables. Several
applications of linear programming will then be presented, with these applications focusing
on the model formulation process.

Mathematical Forms of the Linear Programming Model (25 Y 3 %1 851 2 ity 2% 4 50D

Based on our previous illustrations the general mathematical structure of linear program-
ming models can now be stated. We seek to determine the values of, j=1,2,...,n, that
maximize the linear function:

Maximize Z=c,x;1+ st +catn Q)]

subject to the linear restrictions:

enxy Focpxy + o oz, Kb
Xy + €27, R e T < b, (2)

Ty F Compy T+ *** F ConZn < bn
with 220,220, 2,220 (3)
where a,, &:,c; and are known (given)constants or parameters of the model. The ¢; are
the parameters of the objective function, the a, are the parameters of the constraint set, and
the 4, are the right-hand-side parameters. The linear function being maximized is the objec-
tive function. The linear restrictions given by Equation (2) are the constraint set. The con-

ditions given by equation (3) are the non-negativity restrictions for the decision variables,
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This linear programming model can be written more compactly as:

Maximize Z = Ec,-xj (objective function) (4)
=1
subject to; Z = Zajx,- < b for i=1,2,*m (constraint set) (5)
=1
with z,220 for j=1,2,'n (non-negativity restrictions) (6)

Or, using matrix notation for the above equation (4)~(6):

Maximize Z=CX (objective function) ¢P)
subject to; AX< B (constraint set) (8
with X0 (non-negativity restrictions) (9

where C=(c;,¢55°** »¢a) is @ row vector, X= (x,,x;,***»x,) is a column vector, A=[a,Jis a
(m X n) matrix, B=(b;,by,**sb,)is a column vector, and 0 is an n-dimensional null column
vector.

We should immediately note that the general linear programming model just presented
can have other forms. First, we may seek to minimize, rather than maximize, the objective
function. Second, the constraints need not be of the form “less than or equal to” (<X)but, in-
stead, can be of the form “greater than or equal to” (=), or they can be strict “equalities”
(=). Third, it is possible to delete the non-negativity restrictions for some of the decision
variables and allow them to be unrestricted (+ or —) in sign. These various other forms of
the linear programming model will be presented and discussed in detail in the material that
follows.

Economic Interpretation: Activity Analysis Problem (2 ¥t 2@ £ . 17 0 27 R &)

The word programming in the name linear programming does not refer to computer pro-
grammmg at all, although many computer programs have been written and are used to solve
linear programming problems. In the title linear programming, the work “programming”
refers to the planning of activities in a manner that achieves some “optimal” result, under re-
strictions of resources availability.

The production scheduling linear programming problem formulated in coursebook is an
example of an actlvnty analysis problem in which we seek to allocate scarce resources among
competing act1v1t1es. The economic interpretation of the problem is as follows: given n com-
peting activities, the decision variablesz;,x;,+, . represent the levels of these activities. In
a typical production scheduling problem, each activity is the production of a certain number
of units of the jth product during a given period of time. The c,represent the unit profits as-
sociated with unit increases in the z;. The number of relevant scarce resources is m, and each
of the m linear inequalities in the constraint set corresponds to a restriction on the availability
of one of these resources. Thus, the 4, are the amounts of resources available for the m activ-
ities, and the a; represent the amount of resource ¢ consumed by each unit of product j. The

constraint set, in total, represents the total usage of the respective resources. The non-nega-
9



