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he title f this b k, is
s mewhat surprising. After all, there is virtually unanim us agreement that the bject- riented paradigm
is superi r t the classical (structured) paradigm. It w uld seem bvi us that an up-t -date s ftware
engineering textb k sh uld describe nly the bject- riented paradigm, and treat the classical paradigm
at best as a hist rical f tn te.

That is n t the case. Despite the widespread enthusiasm f r the bject- riented paradigm and the
rapidly accumulating evidence f its superi rity ver the classical paradigm, it is nevertheless essential
t include material n the classical paradigm. There are three reas ns f r this. First, it is imp ssible t
appreciate why bject- riented techn l gy is superi r t classical techn l gy with ut fully understanding
the classical appr ach and h w it differs fr m the bject- riented appr ach.

The sec nd reas n why b th the classical and bject- riented paradigms are included is that tech-
n l gy transfer is a sl w pr cess. The vast maj rity f s ftware rganizati ns have n t yet ad pted the
bject- riented paradigm. It is theref re likely that many f the students wh use this b k will be em-

pl yed by rganizati ns that still use classical s ftware engineering techniques. Furtherm re, even if
an rganizati n is n w using the bject- riented appr ach f r devel ping new s ftware, existing s ft-
ware still has t be maintained, and this legacy s ftware is n t bject- riented. Thus, excluding classical
material w uld n t be fair t the students wh use this text.

A third reas n f r including b th paradigms is that a student wh is empl yed at an rganizati n
that is c nsidering the transiti n t bject- riented techn l gy will be able t advise that rganizati n
regarding b th the strengths and the weaknesses f the new paradigm. Thus, as in the previ us editi n,
the classical and bject- riented appr aches are c mpared, c ntrasted, and analyzed.

The F urth Editi n differs fr m the Third Editi n in tw ways. First, many new t pics are intr duced
in this editi n. Sec nd, the material has been rearranged t supp rt b th ne- and tw -semester s ftware
engineering curricula; this is described in the next secti n.

With regard t new t pics, Unified M deling Language (UML) permeates this editi n; this is re-
flected in the title f the b k. In additi n t utilizing UML f r bject- riented analysis and bject-
riented design, UML has als been used wherever there are diagrams depicting bjects and their

interrelati nships. UML has bec me a de fact s ftware engineering standard and this is reflected in the
F urth Editi n.

An ther new t pic is design patterns. This material is part f a new chapter n reuse, p rtability,
and inter perability. Other reuse t pics in this chapter include s ftware architecture and framew rks.
Underlying all the reuse material is the imp rtance f bject reuse. The p rtability secti ns include
material n Java. With regard t inter perability, there are secti ns n t pics like OLE, COM, ActiveX,
and CORBA.

There is als a new chapter n planning and estimating, especially f r the bject- riented paradigm.
The chapter theref re includes new material n feature p ints and COCOMO II.

The synchr nize-and-stabilize life-cycle m del used by Micr s ft has been included in this editi n.
The ass ciated team rganizati n meth d is als described.
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As in the previ us editi n, particular attenti n is als paid t bject- riented
life-cycle m dels, bject- riented analysis, bject- riented design, management
implicati ns f the bject- riented paradigm, and t the testing and maintenance
f bject- riented s ftware. Metrics f r bjects are als included. In additi n,

there are many briefer references t bjects, a paragraph r even just a sentence
in length. The reas n is that the bject- riented paradigm is n t just c ncerned
with h w the vari us phases are perf rmed, but rather permeates the way we
think ab ut s ftware engineering. Object techn l gy pervades this b k.

The s ftware pr cess is still the c ncept that underlies the b k as a wh le.
In rder t c ntr l the pr cess, we have t be able t measure what is happening
t the pr ject. Acc rdingly, the emphasis n metrics is retained. With regard t
pr cess impr vement, material n SPICE has been added t the secti ns n the
Capability Maturity M del (CMM) and ISO 9000.

An ther t pic that still is stressed is CASE. I als c ntinue t emphasize the
imp rtance f maintenance and the need f r c mplete and c rrect d cumentati n
at all times.

The s ftware pr cess is essentially language-independent and this is again
reflected in the F urth Editi n. The few c de examples are in C . H wever,
care has been taken t make this material accessible t readers with little r n
kn wledge f C by pr viding explanati ns f c nstructs that are specific t
C .

With regard t prerequisites, it is assumed that the reader is familiar with
ne high-level pr gramming language such as Pascal, C, C , Ada, BASIC,

COBOL, FORTRAN, r Java. In additi n, the reader is expected t have taken a
c urse in data structures.

The Third Editi n f this b k was written f r a ne-semester, pr ject-based s ft-
ware engineering c urse. The b k acc rdingly c nsisted f tw parts. Part 2
c vered the life cycle, phase by phase; the aim was t pr vide the students with
the kn wledge and skills needed f r the Term Pr ject. Part 1 c ntained the the -
retical material needed t understand Part 2. F r example, Part 1 intr duced the
reader t CASE, metrics, and testing because each chapter f Part 2 c ntained a
secti n n CASE t ls f r that phase, a secti n n metrics f r that phase, and a
secti n n testing during that phase. Part 1 was kept sh rt t enable the instruct r
t start Part 2 relatively early in the semester. In this way, the class c uld begin
devel ping the Term Pr ject as s n as p ssible. The need t keep Part 1 brief
meant that I had t include t pics like reuse, p rtability, and team rganizati n in
Part 2. Thus, while the students were w rking n their term pr jects, they learned
additi nal the retical material.

H wever, there is a new trend in s ftware engineering curricula. M re and
m re c mputer science departments are realizing that the verwhelming prep n-
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derance f their graduates find empl yment as s ftware engineers. As a result,
many c lleges and universities have intr duced a tw -semester ( r tw -quarter)
s ftware engineering sequence. The first c urse is largely the retical (but there is
alm st always a small pr ject f s me s rt). The sec nd c urse is a maj r team-
based term pr ject, usually a capst ne pr ject. When the Term Pr ject is carried
ut in the sec nd semester, there is n need f r the instruct r t rush t start Part 2.

In rder t cater t b th the ne- and tw -semester c urse sequences, I have
rearranged the material f the previ us editi n and added t it. Part 1 n w includes
tw m re chapters, but the material f th se tw chapters is n t a prerequisite f r
Part 2. First, Chapter 7 is entitled “Reusability, P rtability, and Inter perability.”
The theme f this chapter is the need t devel p reusable p rtable s ftware that
can run n a distributed heter gene us architecture such as client-server.

Sec nd, s me instruct rs wh ad pted the Third Editi n have t ld me that
they were unc mf rtable with a separate planning and estimating phase between
the specificati n phase and the design phase. They agreed that accurate estimates
f c st and durati n are n t p ssible until the specificati ns are c mplete (al-

th ugh s metimes we are required t pr duce estimates earlier in the life cycle).
H wever, they felt that these planning and estimating activities did n t merit a
c mplete phase, particularly because they c mprise nly ab ut 1 percent f the
t tal s ftware life cycle. Acc rdingly, I have dr pped the separate planning phase
and inc rp rated these activities at the end f the specificati ns phase. The var-
i us planning activities that are perf rmed are described in Chapter 8, entitled
“Planning and Estimating.” This material, t , may be delayed in rder t start
Part 2. In additi n t these tw chapters, certain secti ns f ther chapters (such as
Secti n 2.12) may als be deferred and taught in parallel with Part 2. All material
that can be p stp ned in this way is marked with .

Thus, an instruct r wh is teaching a ne-semester ( r ne-quarter) sequence
using the F urth Editi n c vers m st f Chapters 1 thr ugh 6, and then starts
Part 2 (Chapters 9 thr ugh 15). Chapters 7 and 8 can then be taught in parallel
with Part 2. When teaching the tw -semester sequence, the chapters f the b k
are taught in rder; the class is n w fully prepared f r the semester-l ng team-
based Term Pr ject.

In rder t ensure that the key s ftware engineering techniques f Part 2 are
truly underst d, each is presented twice. First, whenever a technique is intr -
duced, it is illustrated by means f the elevat r pr blem. The elevat r pr blem is
the c rrect size f r the reader t be able t see the technique applied t a c m-
plete pr blem, and it has en ugh subtleties t highlight b th the strengths and
weaknesses f the technique being taught. Then, at the end f each chapter there
is a new c ntinuing maj r Case Study. A detailed s luti n t the Case Study is
presented. The s luti n t each phase f the Case Study is generally t large
t appear in the chapter itself. Instead, nly key p ints f the s luti n are pre-
sented in the chapter, and the c mplete material appears at the end f the b k
(Appendices C thr ugh I). The rapid pr t type and detailed C implementa-
ti n are available via the W rld-Wide Web at
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As in the previ us editi n, there are f ur types f pr blems. First, at the end f each
chapter there are a number f exercises intended t highlight key p ints. These
exercises are self-c ntained; the technical inf rmati n f r all f the exercises can
be f und in this b k.

Sec nd, there is a maj r Term Pr ject. It is designed t be s lved by stu-
dents w rking in teams f three, the smallest number f team members that can-
n t c nfer ver a standard teleph ne. The Term Pr ject c mprises 15 separate
c mp nents, each tied t the relevant chapter. F r example, design is the t pic f
Chapter 12, s in that chapter the c mp nent f the Term Pr ject is c ncerned with
designing the s ftware f r the pr ject. By breaking a large pr ject int smaller,
well-defined pieces, the instruct r can m nit r the pr gress f the class m re
cl sely. The structure f the Term Pr ject is such that instruct rs may freely apply
the 15 c mp nents t any ther pr ject they ch se.

Because this b k is written f r use by graduate students as well as upper-
class undergraduates, the third type f pr blem is based n research papers in the
s ftware engineering literature. In each chapter an imp rtant paper has been ch -
sen; wherever p ssible, a paper related t bject- riented s ftware engineering
has been selected. The student is asked t read the paper and t answer a ques-
ti n relating t its c ntents. Of c urse, the instruct r is free t assign any ther
research paper; the “F r Further Reading” secti n at the end f each chapter in-
cludes a wide variety f relevant papers.

The f urth type f pr blem relates t the Case Study. This type f pr blem
was intr duced in the Third Editi n in resp nse t instruct rs wh t ld me that
they believe their students learn m re by m difying an existing pr duct than by
devel ping a pr duct fr m scratch. Many seni r s ftware engineers in the industry
agreed with that viewp int. Acc rdingly, each chapter in which the Case Study is
presented has at least three pr blems that require the student t m dify the Case
Study in s me way. F r example, in ne chapter the student is asked t redesign
the Case Study using a different design technique than the ne used f r the Case
Study. In an ther chapter, the student is asked what the effect w uld have been
f perf rming the steps f the bject- riented analysis in a different rder. T

make it easy t m dify the s urce c de f the Case Study, it is readily available
as described at the end f the previ us secti n.

The available fr m McGraw-Hill, c ntains
detailed s luti ns t all the exercises, as well as t the Term Pr ject. In addi-
ti n, the c ntains transparency masters f r all the
figures in this b k. The transparency masters can als be d wnl aded fr m
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