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T he  f ollow ing c ontains answe rs to a  subse t  of t he  e xer cises in the book, a long w ith e xpla nations of  some  aspe c ts of  the 
a nswe r s. I n some  c ase s the  provided answ e rs a r e mor e de taile d those tha t would be  e xpe cted fr om stude nts. Also note  that
some que stions a re  subjec tive, so r e ader s may ha ve  re sponses diff e re nt fr om those  w ritte n her e.

T he  a nsw er s provided he re  ar e public ly a vaila ble  on the  we bsite  so a s to ena ble stude nts to pra c tise . G ene ra lly spe a king,
the  a nsw er s give n he r e ar e  par ts a of multi-pa rt questions; in exe rc ise s with ma ny pa r ts, a nswe r s ma y a lso be given to
par ts c and e . T he  f ull se t of  answ e rs is only a va ila ble  to instr uctor s a s a  sepa ra te  pa ssw or d- prote c te d doc ume nt.

W e update the se  answ e rs f r om time  to time , adding improved e xplana tions, alter na tive a nswe r s, a nd extra  e xer cises. Y ou
c an c ontac t us a t tcl@site .uottaw a .c a with sugge stions. I tems w hich we  plan to c omple te  or  a ugment a t a  late r da te ar e 
mar ke d in gre en.

Ple ase  look a t our  w e b site (w ww .lloseng.c om)  f or  othe r  inf ormation a bout this book, inc luding:
• A  know le dge  ba se  c ontaining many of the  basic fa c ts f r om the book
• V ide os of  T im Le thbridge  pre senting le c ture s base d on the book.
• T he  slide s tha t ha ve be e n pr e pa re d f or  pr of e ssor s w ho te ac h using the  book



PUBLI C A NSW ERS T O EX E RCISE S PA2

T HE SE  AN SW E RS SU PPORT  T HE  BO OK  O BJ ECT O RI E NTED  SO FTW AR E E NG INE ER ING :

Chapt er 1.  Soft w ar e and Soft war e Engineer ing

E 1.1 p. 5 Classify ing software .
a )*Custom; re a l- time.
c )*G ener ic; r e al-time  ( but soft re al- time ) .

E 1.2 p. 10 Stak e holde r re actions to situations.
a )*• T he  use r ma y be disappointed, sinc e he  or  she might be  looking f or wa r d to no longer  ha ving to do this

par tic ular  type  of  w ork. O n the  othe r ha nd, he  or she  ma y be  re lie ve d a bout not being put out of  w or k.
• T he  c ustom er  ma y be disappointed at not be ing a ble  to save  mone y; he  or she  ma y also be  surpr ised,

since  ma ny pe ople be lie ve  that softw ar e syste ms ar e  e asy to develop; they unde re stima te the 
c omple xity of  ta sks tha t a re  to be a utoma te d. The c ustomer  might c onsult some other  softwa r e enginee r 
to obtain a  sec ond opinion.

• T he  develope rs will pr oba bly move on to othe r  w or k.
• T he  de ve lopme nt m anage rs ma y be disappointed at not ha ving the  opportunity to do f ur the r w or k on

the  pr ojec t.

E 1.3 p. 12 Prioritizing quality  attribute s
a )*R eliabilit y will be  pa ra mount f or the  spa c ec ra f t sof tw ar e . It would be sad if  the  spac e cr af t did not make it

into orbit af te r  a ll that time , a lthough no live s w ould be  lost. Eff ic iency might be impor tant since 
proce ssors fr om 20 ye ar s e ar lie r ar e  f ar  slow e r tha n today’s de vic es. U sabilit y will like ly not be a n issue 
since  the sof tw a re  w ill r un autonomously and r epor t a ny fe edbac k to exper ts; f ur the rmore  the sof tw ar e 
c annot be inter a ctive  sinc e it ta ke s c onsider a ble time to se nd signa ls to a nd fr om Pluto a t the  spee d of light.
M aint ainability is a lso like ly to be  a  minima l c onc er n since  this softw ar e is likely to only be  used once .
H ow eve r, ther e r emains the  possibility that the sof tw ar e  c ould be  used on othe r syste ms, or  w ill nee d to be
c ha nge d as la st- minute bugs ar e  f ixe d.

c )*M aint ainability will like ly be  the most impor tant c once r n since  da ta  pr oc essing sof tw a re  te nds to evolve.
R eliabilit y will also be  of  c onsider a ble impor tance : Bill printing must be  a c cura te, sinc e it ca n be c ostly to
r ec tif y mista ke s. U sabilit y of  the bills themse lve s w ill be impor ta nt be c ause  or dinar y people  have  to
under sta nd them. Eff ic iency should not be a  c onc er n.
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Chapt er 2.  Revi ew of  object or i entat ion

E 2.1 p. 32 Distinguishing am ong c lasse s and instanc es
T he  c lass names in the following answe rs could var y slightly. T he points in pa r enthe se s a re  of  lesser 
impor tance , a nd ar e f or  those w ho ha ve  r e ad Chapte r  5.
a )*I nsta nce  of  AutomobileCompany. ( or  pe rha ps just Company) 
c )*Cla ss, subc la ss of  Person. ( In Chapter s 5 a nd 6, w e  w ill see  that it might be be tte r to ma ke this a subcla ss

of PersonRole) 
e )*I nsta nce  of  Person.

E 2.2 p. 33 De te c ting bad c lass name s and im proving them 
a )*Bad. I s this a par tic ular  ve hic le  ( w hich might better  be  c alled some thing like Locomotive, or

RollingStockConfiguration)  or a  sche dule d r un (RegularlyScheduledRun)  tha t c ould use 
a ny ve hicle , or  the r un on a  pa rtic ula r day ( SpecificRun) ? We  will disc uss this kind of  proble m in mor e
detail in Cha pte r 6 in the  c ontext of the  A bstra ction O c curr e nc e patte r n.

c )*Bad. T he  w ord ‘ D ata’  is inappr opr ia te in a cla ss na me . Call it simply SleepingCar.
e )*Bad. I t should not be  plur al: Route would be bette r .

E 2.3 p. 33 Naming diffe re nt classes de riv ed from  words with m ultiple  E nglish m eanings.
a )*Title: D esc ribe s publishe d books independently of the  number  of  c opies CopyOfTitle: or per ha ps

LibraryItem: Repr esents physica l books (a s w ell a s other  things, such a s vide os) tha t the  libr ar y pla c es
on its she lve s.

c )*RegularlyScheduledFlight: has a flight numbe r , de par tur e time, or igin and destination a nd is
f lown ever y day; SpecificFlight: f lie s on a pa r ticular  da y.

E 2.4 pp. 34-35 I de ntify ing attribute s
I n this que stion a nd the next, ther e  a re  ma ny alte r na tives, a  f ew  possibilitie s a re  show n her e. In pa rtic ula r
sometime s c er ta in attributes c ould be re pre se nte d a s assoc ia tions inste ad – these  a re  show n in par enthe se s.
a )*name, description, ( producer, distributer) 
c )*date, startTime, endTime, description, soundAlarmWhenStarting, ( room) 
e )*callerNumber, calledPartyNumber, isConnected, startTime, currentCell,

signalStrength, totalCost

E 2.5 p. 35 Identifying assoc iations
a )*boughtFrom:ProductionCompany, producedBy:Producer, episodes:Episode,

leadActors:Actor
c )* meetingRoom: MeetingRoom
e )*caller:CallParty, called:CallParty

E 2.6 p. 35 Diffe re ntiating betwee n v ariable s and obje cts
a )*O bjec t

E 2.7 p. 36 Identifying ope rations
I n the  f ollow ing, ope ra tions tha t w ould pr oba bly be polymor phic a re  show n in ita lics, how e ve r, exac tly w hic h
ope ra tions ar e polymorphic  w ould de pend on the  design.
a )*getArea, getPerimeterLength, getPoints, move, resize, rotate,

flipHorizontally, flipVertically

E 2.8 p. 40 Identifying poor ge neralizations
a )*Bad: Y ou c a n’ t say ‘ A  Cana dian dolla rs is a  mone y’ ; a lso CanadianDollars should be  an instanc e of 

Currency
c )*Proba bly O K .
e )*Bad: Account12876 would be insta nce  of  BankAccount (or some subcla ss of  BankAccount) 

E 2.9 No public answe r
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E 2.10 pp. 41-42 A rranging potential c lasse s into inheritanc e hie rarchie s ( Se e  also E 5.21, p. 189) 
I n the  f ollow ing, the  hie r ar chies a r e shown using indented te xt to save  spa c e. W hethe r  it w ould be  a ppr opr ia te 
to ac tua lly inc lude a ll the cla sses in a  give n system w ould depend on the  a pplic a tion’ s re quire ments. T he r e ar e 
many possible  va riations on the se  a nsw er s. Note: Se e also E5.21 f or additional e xer cises ba se d on the se 
proble ms.

a )*I n this pr oblem we  c r ea te  tw o separ a te  hier ar c hies, Vehicle and PartOfVehicle. T he se could a lso
have something like Machine as a  common super cla ss, a lthough the pr oblem sugge sted cr ea ting separ a te 
hie ra r chie s.

Vehicle
LandVehicle (A dde d) 

Car
SportsCar

Truck
Bicycle

AirVehicle (A dde d) 
Aeroplane

AmphibiousVehicle
PartOfVehicle

Engine
JetEngine
ElectricMotor

Wheel
Transmission

Vehicle could instea d be divided into PoweredVehicle and UnpoweredVehicle; multiple 
inher ita nc e  c ould be  then used for super c la sse s of  the vehic le le a f cla sses.

c )*Schedule (W e w ill lea rn la te r  tha t this may not be ne e de d since  the w hole  syste m store s the  sc he dule) 
RegularlyScheduledTrip (A dde d as a super cla ss r e pr ese nting some thing tha t r uns a t a  give n time) 

RegularlyScheduledExpressBus (r ena me d f or  c lar ity)
BusRoute
ActualTrip (Runs a t a  give n time on a given da y; c ould a lso be ca lle d ‘ Run’ ) 

CharteredTrip (Rena me d f or  c lar ity)
ScheduledTrip (A dde d to pr ope rly c omple me nt unscheduledTrip) 
UnscheduledTrip (Runs on a  r oute, but not a t the  normal time ) 

BusVehicle (Rena me d f rom ‘ bus’  to distinguish diff e re nt type s of bus)
LuxuryBus
TourBus

e )*Currency (Cana dian Dolla rs a nd US Dolla rs a r e Insta nc e s) 
ExchangeRate  (A ttr ibute s or  assoc ia tions c ould be fromCurrency, toCurrency, r ate )
FinancialInstitution ( Adde d)

Bank
CreditUnion
CreditCardCompany (V isa  a nd Ma ste rCar d a re  insta nc es) 

FinancialInstrument
ReusableFinancialInstrument ( Adde d)

CreditCard
DebitCard

SingleTransactionInstrument  ( Adde d)
Cheque

BankAccount
Loan

ElectronicDevice  ( Adde d)
AutomaticTellerMachine (better  than BankMachine) 

BankBranch
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E 2.11 p. 47 De sc ribing how poly m orphic im ple me ntations of c ertain shape  operations would work.
a )*translate: I n SimplePolygon (a s inher ite d by Rectangle and RegularPolygon) , and

EllipticalShape (a s inher ite d by Circle) , the  method translate would move  the  center.

c )*getArea: I n Rectangle, the  me thod getArea would r eturn height * width. I n
RegularPolygon, it w ould compute  the ar e a by dividing the  polygon into numPoints individua l
triangle s ( se e the  a nsw er  to E 2.30 f or  the de taile d a lgorithm). O nce  this a r ea  is c alc ulate d, the total a r ea  of 
the  RegularPolygon would be c alculated by multiplying the a re a of ea c h tr iangle  by numPoints. I n
Circle, the  me thod getArea would r eturn pi * radius2.

E 2.12 No public answe r

E 2.13 p. 47 Incorporating new c lasse s into an e xisting c lass hie rarchy that c ontains c onside rable  poly morphism.
a )*IsoscelesTriangle: O ne  might think of  ma king this a subcla ss of  ArbitraryPolygon, how e ve r

tha t w ould be  inappr opr ia te since  you don’t w a nt it to inher it me thods such as addPoint and
removePoint. A  be tter  solution is to ma ke  it a  subc lass of SimplePolygon. A s a ttributes you w ould
have to store  the baseLength and height, or e lse you c ould store  one of the  two va lue s for  a ngles a nd
the  le ngth of  one of  the sides, letting the  othe r a ngle  va lue  a nd side   be c omputed w hen ne eded. A s
methods, you would ne ed changeScale, setBaseLength, setHeight, getArea,
getPerimeterLength, getVertices, getBoundingRect, getBaseAngle, getTopAngle,
a nd pe rhaps setBaseAngle and setTopAngle.

E 2.14 No public answe r

E 2.15 No public answe r

E 2.16 No public answe r

E 2.17 p. 49 De te rmining whe n dy nam ic  binding is nee ded in a se t of poly m orphic me thods.
T his e xe rc ise  ha s tur ne d out to be par tic ular ly use ful to ensur e stude nts r e ally unde r stand the implic ations of 
polymorphism. Be fore  assigning this exer c ise, it ha s pr ove d to be  ne ce ssa ry to e xplain the  ma te r ia l on pa ges
48 and 49 par tic ular ly ca r ef ully, w ith se ve ra l e xa mples. N ote  tha t the  exer c ise has the assumption, “ that the
c ompiler  know s tha t no ne w  c la sse s or me thods ca n be added to the  hier a rc hy” ; it is w orth r eminding stude nts
tha t this is not gene ra lly true  in Java ( you c an a dd a subcla ss unle ss the c la ss is de clar e d final, a nd you
c annot dec lar e a  non- le af  class to be final) .
a )*I nvoking getPerimeterLength on a  Rectangle va ria ble: No dyna mic  binding is ne e de d since 

Rectangle is a  le af  class a nd so the va r ia ble  c ould only eve r conta in an instanc e of  that class. The  loc a l
method in Rectangle would a lw a ys be  c alled.

c )*I nvoking getBoundingRect on a  Polygon va ria ble: Dyna mic  binding w ould be  ne ede d, sinc e e ithe r 
the  me thod in Polygon or  the one  in Rectangle might have  to be exe cute d depe nding on w hich class
of objec t is pla ce d in the  var iable  at r un time.

E 2.18 p. 51 Re se arc hing products that c laim to be  obje ct- orie nte d to de termine if they  re ally are .
T he  a nsw er  to this question will va r y ove r time, de pe nding on w ha t produc ts ar e a va ila ble.

E 2.19 p. 53 Using doc ume ntation to look  up library c lasse s and thus better unde rstand a program.
T his is a pur ely pra c tica l e xe r cise . I ts purpose  is to e nc our age stude nts to get in the ha bit of  using
doc ume ntation.

E 2.20 No public answe r

E 2.21 No public answe r

E 2.22 No public answe r

E 2.23 No public answe r

E 2.24 No public answe r
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E 2.25 No public answe r

E 2.26 No public answe r

E 2.27 No public answe r

E 2.28 No public answe r

E 2.29 No public answe r.

E 2.30 No public answe r

E 2.31 No public answe r
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Chapt er 3.  Basi ng sof tw ar e developm ent  on r eusable technol ogy

E 3.1 p. 63 Re se arc hing re sourc e s on the I nternet that disc uss aspe cts of re use .
T he  a nsw er  to this question will va r y since  w e b pa ges a r e continua lly being adde d, de leted and c ha nge d.

E 3.2 p. 63 Analy sing information about re use.
For  disc ussion only.

E 3.3 pp. 69-70 D eterm ining the  se rv ice s that should be pre se nt in a frame work.
a )*R eser vat ion f ram ew or k.

• A dd a n instanc e of  whate ve r tha t c an be  r ese rved (e .g. a  book, a  pla c e on a flight, a se a t in a the atre ) 
• A dd a n instance  of  w hateve r the  r ese rvation is made  on behalf  of ( e.g. a libra ry pa tr on, a  pa sse nger , a 

the atr e- goe r) .
• Make a  r ese rvation
• D elete  a  re se r va tion

E 3.4 p. 70 De te rmining diffe re ntiating fe ature s of  fram ework -base d applications, as well as its hook s and slots.
a )*R eser vat ion f ram ew or k.

• D if fe r entia ting fe ature s:
- T he  c lasse s of objec ts tha t ca n be r eser ved a nd the ir  a ttr ibute s, assoc ia tions a nd other  oper ations
- T he  a ttr ibute s of the  r ese rvation itse lf , a nd pe rha ps subc la sse s r epre senting dif fe re nt types of 

r eser vation
- T he  c lasse s of objec ts tha t a r eser vation c an be  ma de  on beha lf  of 
- T he  user  inte rf a ce 
-  Rules re ga r ding the r eser vation, suc h as who c an ma ke  one, w hethe r  the  item ca n be re ser ve d, etc .

• H ooks:
- A  f unc tion that would be c alle d w he n a  r e se rva tion is c omple te (e .g. to send a n e ma il) 
- A n function to c all w he n r eser vations ar e  ‘ full’  that c ould be use d, f or exa mple , to a dd a  wa iting list,

or to give  some  form of  notific ation to the  user .
- A  f unc tion ca lle d to load a re ser va tion f rom a  data ba se .
- A  f unc tion ca lle d to sa ve  a  re se r va tion.

• Slots:
- T he re  ma y be no slots in this syste m.

E 3.5 p. 70 De te rmining the  range of applications that m ight benefit from a frame work.
a )*R eser vat ion f ram ew or k.

• A  libr ar y syste m, whe re  you ca n r ese rve ite ms that ar e a lr ea dy che cked out
• Reser vation of sea ts on a ny kind of  tr ansporta tion syste m
• Reser vation of e nter tainme nt tickets

E 3.6 p. 70 Ev aluating alte rnative  approac he s to de signing a frame work.
a )*I f you sta r te d w ith a  ver tic al fr ame work for a  f re que nt flie r  progra m, you w ould ha ve  a lot of f ac ilities

a lr ea dy de velope d, some  of  w hic h would be  quite spe cific  to the  f r eque nt flier  doma in. T he  following
gives some  idea s of the  se rvic e s, slots a nd hooks tha t might be  pr ovide d; ma ny va riations on this answe r
a re  possible.
i. Ser vic es:

• Mainte na nc e  of f re que nt f lie r a cc ounts to w hic h points (mile s)  c a n be  adde d a nd re de e me d ( i.e.
a dding new  ac counts; de le ting a cc ounts)

• K ee ping of  ba sic  per sonal infor ma tion (na me , a ddre ss, points)  a bout ea c h fr e quent f lie r, w ith
methods to upda te this inf or ma tion ( whic h w ould ca ll the  f ir st hook be low  to a llow ma naging of
a dditional infor ma tion) 

• K ee ping of  a log of f lights to be  used w hen pr oduc ing r e ports ( would a lso be  c apa ble of re c or ding
other  tr ansac tions, e .g. points a wa r de d f or  r e nting a  c a r) .

• Methods to add, de le te and que r y the  number  of  points in the  ac count.
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• G ener ic me c ha nism, give n two c ities, tha t w ould ca lcula te how  many points w ould be re quire d to
f ly be tw ee n the m f or  fr ee  for a  give n use r. T his w ould be ca lle d w he n c ustomer s a re  doing que rie s,
a nd a lso w hen a  pe rson ac tua lly books a f re e f light to deter mine how  ma ny points to de duct. T his
w ould ca ll the f ir st slot be low  to do de taile d c alc ulations.

• G ener ic me c ha nism, give n two c ities, tha t w ould ca lcula te how  many points to c re dit to a  pa rtic ula r
f re que nt f lie r w ho pa ys f or a tic ke t. It would be c alle d w he n the  user  is ma king quer ies, a nd a lso
w he n a  per son a c tually ta kes a  flight, in orde r to cr edit points. This would c all the  se cond slot be low 
f or  de ta ile d ca lcula tions.

• G ener ic me c ha nism tha t runs eve ry month, c alling the  slot ( be low ) f or  pr oduc ing r e ports, and the 
hooks (below)  f or de leting ina c tive  ac counts, and per ha ps pr omoting use rs to dif f er ent c la sse s.

ii. Slots (c ode  tha t must be provided)
• A  method to e va lua te  rule s r ega rding how  ma ny points ar e  re quire d to fly c er tain r oute s f or  fr ee .
• A  method to e va lua te  rule s r ega rding how  ma ny points ar e  obta ined fr om flying ce r ta in route s

( might be spe cif ic  to c er tain c la sse s of  fr equent f lier , c er tain times, e tc .)
• A  method to produc e a  f or matte d pr intout of  a fr e quent f lie r’ s a cc ount (e a ch a irline  may wa nt to

make the se  appe a r stylistica lly dif f er ent f rom othe r air line s). N ote  that instea d of c re ating a  slot, this
f unctionality c ould be le f t out of the  f r amew ork e ntire ly.

• N ote tha t the  user  inter fa c e would ha ve  to be provided, but w ould proba bly not ac tua lly a ppe ar  a s
slots in the ba sic  system; the  user  inte r fa ce  would be a  sepa ra te  subsystem that would simply c a ll the
ser vic es.

iii. Hooks (pla c es w her e optional a dd- ons c an ea sily be  plugged in)
• A bility to ma na ge additional type s of inf or ma tion a bout fr equent f lier s ( e.g. wor k addre ss, e ma il,),

beyond the  ba sic  minimum inf or mation. Dif fe re nt air line s might wa nt to ke ep diff e re nt kinds of
inf or mation f or  use in ma r ke ting etc .

• A bility to ha ve  diff er e nt c lasse s of use rs (e .g. pre stige  user s w ho ha ve  ac cumulate d la r ge  number s of
points)

• Mec ha nism to de lete a cc ounts a f te r a  c er tain time per iod w ith no a ctivity ( this might be  a c tiva ted by
the  monthly r un that pr ints re por ts) 

• A bility to a dd diff e re nt kinds of points to be use d for  dif f er ent pur poses (e .g. some  a ir lines, in
a ddition to mile s, a lso ke ep tr ac k of a separ a te  c ount of miles f low n in fir st c lass; such points might
have dif fe r ent r ules, suc h a s e xpir ing a f te r the  e nd of  a ye a r) .

E 3.7 p. 70 Ev aluating whe the r or not one  should first de ve lop a fram ework  when de signing an applic ation.
a )* A r gume nts in favour of  de ve loping a  f ull f re que nt flie r  f ra mew or k:
• D e ve loping the  f r amew ork impr ove s your ove ra ll de sign. Sinc e you w ould have to build f lexibility into the

f ra me w or k to allow  it to be use d by othe r s, you would be ne fit f rom tha t f le xibility w hen you ha ve to ma ke 
c ha nge s yourself .

• A s a c onse que nc e  of the  a bove , you would e xpe ct ma inte nance  costs to be re duc ed; you would a lso e xpe ct
to be  able  to r e spond f aster  to mar ket-dr iven re quire me nts c hange s.

• Y ou might be able to se ll your  fr ame work to othe rs, or to pr ovide  fr equent- f lier  se rvice s to other  smalle r 
a ir lines.

• Should two airline s using the same f ra me w or k dec ide  to w or k together  in a n a llia nce  ( or to me rge ) the ir 
syste ms would be  mor e  c ompatible with ea c h other , r educ ing c osts.

E 3.8 p.74 E valuating whether an applic ation should be  de signe d as a client- serve r system  or not.
a )*Wor d proce ssors ar e not normally de signe d using a c lient-ser ver  a r chite ctur e . The  f ollow ing a re  some  of 

the  r e asons w hy not:

• People  typica lly use  word pr oc essor s on la ptop compute r s or  othe r  mac hines that ma y not be  c onnec te d
to any netw or k.

• A lthough pe ople  do shar e w or d- proce sse d data, most pe ople wor k on their  own loca l c opy a nd then
sha re  it w hen they a r e finishe d.

I t might be  bene ficia l to allow  a  w or d proc essor  to optionally conne ct to a  se rver  to do suc h things a s loa d
a nd sa ve  da ta , or to enable tw o people  to e dit the  sa me  document c oncur re ntly. H owe ve r  it w ould still be
nec essar y to ensur e tha t the  user  c ould ope ra te the  progra m w hile  not c onne c te d.



PA9 PUBLI C A NSW ERS T O EX E RCISE S

© 2002 T IMO TH Y C. LE T HBRI D GE  A N D RO BERT L AG AN I ÈRE

E 3.9 p.74 D eterm ining the  se rv ice s to be  prov ide d by a serve r.
a )*A n air line re ser vat ion ser ve r  would be e xpec ted to do some of the  f ollow ing a ctivitie s:

• Mainta in the list of  f lights along w ith ba sic details of  ea ch flight (a nd allow  c hange s)
• Mainta in the pr ice s ( and a llow  changes, spe cia l of f er s e tc .) 
• Mainta in the bookings ( allow  bookings to be  ma de , c ha nge d and dele te d) 
• A llow  pe ople to quer y a ll of  the above 

E 3.10 p. 79 Ev aluating the  balance  of work  on the  c lie nt and serve r side  of a system .
a )*F or  an air line r eser vat ion syst em :

i. Ser ve r  w or k: Se e  e xe r cise  E3.9.

ii. Client w or k:
• E nter  que rie s about a vaila ble  f lights a nd display the re sults.
• E nter  bookings
• D ispla y and print itine ra r ie s

iii. I nf or mation tra nsmitted f r om se rver  to c lie nt:
• Results of  quer ies ( r elative ly simple te xt) 

iv: I nf or mation tra nsmitted f r om c lie nt to se rve r:
• Simple  c ommands and the ir  ar guments.

v: H ow  the client’ s w or k c ould be  minimiz ed or  ma ximiz ed:
• T he  c lie nt might be inter a cting w ith seve ra l dif fe r ent r eser vation systems, pr oducing over a ll

itine r ar ie s tha t w ould combine  the r esults fr om se ver al se rve rs. A  ser ver  c ould be de velope d to
provide this function – inte ra c ting with othe r  ser ver s a nd ma na ging itine ra r ie s.

• T he  c lie nt could, on the other  ha nd, be given a lot of ‘ inte llige nce ’ to wor k out itiner ar ies a nd ‘good
dea ls’ . It could f ind the  be st pr ic e s, a nd eve n run a  bidding mec hanism tha t w ould tr y to get a irline 
ser ve r s to give  be tte r de a ls.

• T he  c lie nt could simply be  a  w e b br owser  with no inte llige nc e  a t a ll a bout the  f r eque nt flier  doma in.

vi: N etwor k ef f ec ts of  c hanging the  c lie nt’s workloa d:
• Putting mor e intelligence  into the ser ve r  ( suc h as ha ving the  ser ver  inte ra c t with other  se rver s)

w ould ha ve  only a moder ate  e ff e ct on the  quantity of inf or ma tion tra nsmitte d in the  ne tw or k a s a 
w hole .

• A dding e xtr a intelligenc e to the c lient might re sult in la r ge  number s of que rie s be ing tr ansmitted,
a nd la rge numbe r s of  re plies r e turne d. T he client w ould ne ed to pe rf or m the se que ries in or de r to
mar sha l the  inf ormation it nee ds to ma ke  de cisions.

• H aving the  clie nt be come  nothing more  than a  we b browse r, w ould proba bly incr ea se ne twork
tra ff ic fr om the  ser ver  to the  clie nt, sinc e now  the se r ve r w ould ha ve  to tr ansmit ima ge s a nd a ll the 
other  infor ma tion tha t will ma ke the  U I of the  c lie nt look nice .

E 3.11 p. 80 Writing protoc ols for a c lient-serv er sy stem .
T he re  ar e c le ar ly ma ny possible  protoc ols f or  these  systems; the level of  c omple xity c ould be come substantia l.
the  f ollow ing show s some basic  se ts of  me ssage s tha t could be  e xc hange d.

a )*A ir line re ser vat ion syste m . N ote  tha t a  r e al system ca n be extre me ly complex; the  following re pr e se nts a 
simplified view  of  the kinds of  messages that such a syste m w ould ne ed to e xchange.

M essages t o ser ver P ossible  r e plie s t o c lient 

• addRegularFlight num be r planeType  e ffe ctiv e Date 
confirmFlightAdded numbe r
flightNumberAlreadyExists

• addFlightLeg flightNumbe r origin leave Tim e destination arrive Tim e
confirmLegAdded
flightTimeConflictsWithAnotherLeg

• deleteRegularFlight num be r e ffe ctiv e Date 
confirmDeletion
flightNumberDoesNotExist
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• addFareClass fareCode 
confirmFareClass
fareClassAlreadyPresent

• setFare origin destination c lassCode  startD ate  e ndD ate 
confirmFare

• addBooking nam e date flight originCity de stinationCity  fare Class
confirmBooking c onfirmationNum ber se at
bookingCannotBeMade reason

• deleteBooking c onfirmationNum ber
confirmBookingDeletion
bookingNotCancelled reason
confirmationNumberInvalid

• queryFlightAvailability date origin destination fare Class e arlie stD epTim e latestArrTime 
availableFlight da te  flightN umber  f a re Cla ss
noMatchingAvailableFlight

• queryBookings nam e date
confirmBooking c onfirmationNum ber se at

• queryBookingsByNumber c onfirmationNum ber
bookingInfo flightNumbe r date nam e origin

destination fare Class seat
• queryPassengers flightNumbe r date

bookingInfo flightNumbe r date nam e origin
destination fare Class seat
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Chapt er 4.  Devel oping r equir em ent s

E 4.1 p. 106 Listing inform ation to be consulte d whe n pe rform ing a domain analy sis.
a )*P olic e  inf orm at ion syst em 

• Polic e  off ice rs and sta ff  (inte rvie w s, br ainstor ming and obse rving w or k)
• Polic e  tra ining and proce dur es ma nua ls
• D oc ume nta tion of  e xisting sof tw ar e  a nd equipme nt used by the polic e ( including compe ting pr oducts) 
• Books about police  me thods
• Simila r inf or ma tion a bout re la ted a c tivitie s suc h a s court pr oc edure s, etc.

E 4.2 p. 106 W riting a short dom ain analy sis for a syste m .
W e will not be providing a ny a nsw er s to this e xe rc ise  sinc e the  a nsw er s w ill depe nd too muc h on the
inf or mation c onsulte d, the  c ountr y in which the re a de r r eside s, a nd the  date  the  infor ma tion is ga the re d.

E 4.3 p.110 De fining and narrowing the sc ope  of a sy stem .
I n this following answe rs, a  r e asona bly c omple te  se t of  possible syste m f unc tions is liste d. The  f unc tions in
bold a re  the one s tha t re pre se nt the  minima l r equir ements of  a fir st r e le ase . Of  cour se, e a ch pe rson’ s answe r
w ill be somew ha t dif f er ent; how ever , the  sa mple answe rs sugge st the sc ope  of  good a nsw er s to this que stion.
( Se e E 9.1 f or  a dditiona l e xe rc ise s based on these syste ms) 
a )*Polic e  inf ormation system

• Managing pe rsonnel informa tion about off ice rs and sta ff  (note  tha t a  generic pe rsonnel ma na gement
syste m c ould also be  used to do this, although it w ould ha ve  to be  hooked to the  polic e syste m to ena ble
some of the  othe r functions me ntione d be low ).

• M anaging basic inf or m at ion about ar e as and eve nt s t o be  patr olled
• F ac ilitating the  m anual sc he duling of the  dut ies of  off ice rs and staff 
• A utoma tica lly pr oposing sc he dules f or some of  the duties of  of fice r s and sta f f
• M anaging basic inf or m at ion about eac h case be ing inve st igate d
• M anaging t he doc um ent s that have to be  w r it te n r egarding e ac h c ase , and f ollow ing e ac h shif t
• G ener a ting statistic s a nd tr end inf ormation a bout c rime  ra te s etc.
• Managing de ta ile d inf or ma tion a bout suspe cts, witne sses and other  pe ople re levant to c ases
• Providing links to dr iver s lic e nses and other  da ta bases to he lp police  find infor ma tion
• Providing links to c our t a nd c r imina l re c or ds

E 4.4 p. 110 G iv ing prec ise  proble m state m ents, c onsidering high-le ve l goals.
a )*T he  ne w polic e  inf orm at ion syst em  will ma ke  oper a tions of the  police  de pa r tment mor e  e ff icient by

r educ ing the time and e ff ort r e quir e d to plan and e xe cute wor k, a s w ell the  time  re quire d to enter  a nd find
inf or mation r equir ed in r outine  police  w ork.

E 4.5 p. 115 D esc ribing functional re quire me nts of a system .
T he se  build on the  a nsw er s to E 4.3 a nd E 4.4 a bove.
a )*Polic e  inf ormation system
T o be  pr ovide d in a later  ve rsion of  this doc ume nt

E 4.6 p. 118 Classify ing re quire me nts into func tional or non- functional.
a )*F. D escr ibe s the  c omputa tion to be  per f or me d ( some se c ur ity r equir eme nts a re  non- functional, but this

one  se ems to be  in the functional c a te gor y) 
c )*N F. Constr ains re sponse time.

E 4.7 p. 118 R ewriting requirem e nts so the y are  v erifiable.
 I n ea c h pa r t of  this questions, w e w ould expe c t an answ e r similar  to one of  the bulle ted points. Some  of the 

bulle ted points show  that ther e  should be  two or  more  se pa ra te re quire ments.
a )*Constr aint on te chnology to be  used:

• T he  C+ + pr ogr amming langua ge  must be  use d
• A  str ongly type d, block-structure d progr a mming langua ge  must be  used that does not allow  unre str ic te d

a cc ess to memor y.
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c )*Constr aint on a vaila bility a nd throughput
• - T he  system will ac ce pt conne ctions 24 hours a  da y, ever y day, w ith a  ma ximum dow ntime  of  5

minute s a month, w hic h ca n occ ur only be twe en 12:30 a .m. a nd 1:30 a.m. North A me r ic an Ea ste rn
T ime.

- W he n a va ila ble, the syste m w ill a t a ll times be  a ble  to mana ge  200 simulta neous conne ctions, a nd
proce ss 2000 tr a nsac tions pe r minute .

E 4.8 No public answe r.

E 4.9 p. 119 W riting non-func tional requirem ents.
T he se  build on the  a nsw er s to E 4.3 -  E 4.5 a bove.
a )*Polic e  inf ormation system

• W he n the  user  is c onnec te d to the  over  a  loca l a re a  netw or k, the syste m sha ll re spond with complete
r esponse s to all inputs w ithin 0.5s at pe ak system load.

• W he n the  user  is c onnec te d ove r  a  w ire le ss conne ction a t 9600bps, the syste m sha ll re spond with
c omple te  r e sponses to a ll inputs within 3s at pe ak syste m loa d.

• T he  system shall be c apable of  ha ndling 50 simulta neously c onnec te d use r s, a nd 300 use r  inte ra ctions
( events or igina ting f rom use rs)  per  minute.

• T he  system shall not consume  more  than 200MB of RA M w hile running at pe ak c a pa city.
• T he  system shall not consume  more  than 56Kbps of  ba ndwidth pe r conne cte d use r (a ver age d ove r any

1s time pe r iod) 
• T he  system shall a chieve a  r eliability le ve l of no more  than 1 fa ilure  pe r 10 use r hours, w ith none of

those  fa ilure s r ende r ing the  system tota lly inoper a ble.
• T he  system shall be a va ila ble 99.9%  of  the time with no per iod of dow n time e xc ee ding 2 minute s.
• T he  system shall be designed so tha t lar ge numbe rs of  a dditiona l f unctions c an be  a dde d with little

r eprogra mming.
• T he  system shall be designed so tha t it c ould be  a dapte d to the  ne eds of other  police  de pa rtments with

minima l re progr a mming.
• T he  se rver  shall be a ble to run on a  W indow s 2000 ( or  higher )  e quipped syste m, w ith a  1.4 G Hz  or 

f aste r  I nte l pr oce ssor, 300MB or mor e of  RA M, and 15G B or mor e of  disk spac e .
• T he  c lie nt softw ar e sha ll be  a ble  to run on E MP-4500 police  ca r ter minals, as w e ll a s on E MP-4500

e mula tor s r unning on de sktop c ompute rs.

E 4.10 p. 122 P rac tising intervie w te c hniques.
T his is a pur ely pra c tica l e xe r cise .

E 4.11 p. 124 P rac tising brainstorm ing tec hnique s.
T his is a pur ely pra c tica l e xe r cise .

E 4.12 No public answe r

E 4.13 No public answe r

E 4.14 No public answe r

E 4.15 pp. 129- 130 D esc ribing the  type  of requirem ents doc um ent nee ded.
a )*Sof tw are  c ont rolling a manne d space c raft  se nt  to M ars

• T he re  would nee d to be a c onsider able amount of de taile d tec hnica l r equir eme nts doc ume ntation.
T ec hnica l ter minology c ould be  used sinc e  a ll re ade rs w ould be expec te d to have a  tec hnica l
bac kgr ound. T he re  would probably initially be  a  ve ry high- le ve l desc ription of  the  mission’s over a ll
objec tives used to obta in funding f or the  mission. Then ther e  w ould be  a re quire ments document f or  the
high- level syste m re quire ments of  the combine d har dwa re - softw ar e syste m. Ne xt, the syste m w ould be 
a lloc a te d into har dw a re  a nd sof tw ar e  subsyste ms, w hic h in tur n would e a ch be  divide d into sever a l
subsyste ms. A t e ac h level ther e  w ould pr oba bly be gener a l and deta iled re quire me nts docume nts. T he 
r ationale f or  this le ve l of de tail is tha t a spa ce c ra ft is nove l, is te chnic ally complex, w ill involve ma ny
dif fe r ent people  w ith dif f er ent type s of  expe r tise  to de ve lop, is diff icult or  impossible to cha nge onc e
launc hed, a nd is e xpe nsive  ( with high fa ilure  cost and hence  a high le vel of  r equir ed re lia bility) .
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E 4.16 pp. 135- 136 F inding proble ms in requirem e nts state m ents.
a )*Sim ple  int e re st  calc ulation pr ogr am 

• T he  r e quir e me nts a re  not separ a te d into individual points
• ‘ This is a  ha ndy utility’  is too inf or ma l
• I t is not c le ar  whether  the fie lds a re  upda te d upon e ve r y ke ystroke, or  w he the r the  user  ha s to hit ‘ ente r ’

or click on some  button to c ause an upda te of  the f ie lds.
• I t is not c le ar  whether  the monthly pa yme nts a re  a t the  star t or e nd of  e ac h month (this e f fe cts the 

c omputation).
• ( The c omputations the mselves a r e we ll- known by a cc ounta nts, so it is le gitimate to exc lude  them) 
• T he re  is no inf ormation a bout the  platfor m on whic h the  pr ogr am r uns,
• Maximum and minimum dolla r  a mounts a nd inte re st ra tes that c a n be  ha ndled should be  spec if ied.
• Pre cision of ca lcula tions should be  spec ified.
• W ha t happe ns if  the use r e nter s inva lid ke ystrokes?
• I t would be  desira ble  to descr ibe  the use r inter fa c e in a little mor e detail.

E 4.17 p. 136 R ewriting requirem e nts to re m ov e defec ts.
a )*Sim ple  int e re st  calc ulation pr ogr am 

• Functional Re quire me nts
- W he n the  system star ts, a  window appea rs, w hose conte nt and f unction is desc ribe  be low .
-  T he  w indow  ha s the  title ‘ Simple Inter est Calc ulation’, as w e ll a s sta nda rd close  a nd minimiz e icons

in the  title ba r .
- T he window has la be ls ‘Principa l:’ , ‘ Annua l inter est r ate :’ , ‘ Inte r est paid a t the  e nd of  e a ch month:’ .

T he  r ight e dges of  these a re  ve rtic a lly a ligne d, a nd ea c h is followe d on the  r ight by an input f ie ld
- T he  pr incipal a nd inter est f ie lds a r e capable  of  a cc epting 10 c ha ra c te rs of  input, the inter est r a te  f ield

is ca pable  of  c ontaining 8 c ha r ac te r s.
- T he  user  ma y enter  nume ric  values in e ac h f ie ld; a s e ac h key is type d ( including the delete  key) , the 

other  fields ar e  upda te d insta ntly. An e mpty f ie ld is ta ke n a s ha ving the  va lue z er o.
- E diting the  inte re st ra te  ca use s a c ha nge  to the  monthly payment.
- E diting the  monthly payme nt ca use s a  c ha nge  to the  inte r est r ate
-  E diting the  principa l c auses a  change to the monthly pa yme nt
- T he  user  may use the  mouse to move the  inse rtion point or  se le c t cha ra cte rs in a ny field, as in

sta nda rd W indow s a pplic ations.
-  T he  system ca n handle  dollar  a mounts f rom - 999999.99 to 9999999.99, and inte re st ra te s f rom - 

999.99% to 999.99% . T he  pe rc ent symbol is a utoma tic ally adde d if the  user  does not spe cify it.
- A ll c a lc ula tions a re  rounded to the  ne ar e st c e nt. T wo de cima l pla c es a r e alw ays shown in a ll thr ee 

pla ce s.
- A ny e dit to a  f ield tha t w ould re sult in an inva lid input, or  a  c ompute d re sult that c ould not be 

displa ye d in the  othe r fie lds, will not be ac c epte d – the syste m w ill bee p a nd displa y a n e rr or 
messa ge at the bottom of the  w indow  de sc r ibing the  er ror . Er r or  me ssage s inc lude :

T he  la rgest value ac c epte d f or  <f ie ld>  is xxx
T he  smalle st va lue  a c ce pte d for  < fie ld> is xxx
I nput must be  nume ric 
I nput is only a c ce pte d to tw o dec ima l points
A  < fie ld> input va lue  of xxx w ould r esult in a n invalid va lue  f or  <f ie ld> 

• N on-f unc tiona l Requir ements
- T he  pr ogra m w ill r un on all Mic r osof t W indow s ope ra ting syste ms sta rting w ith W indow s 95 and

W indow s NT  4.0 ( on a ll CPU s of  at le ast 33Mhz ) .
- Response  time  w ill a ppe ar  insta ntane ous to use rs.

E 4.18 No public answe r

E 4.19 No public answe r

E 4.20 No public answe r
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Chapt er 5.  Model li ng wi th cl asses

E 5.1 No public answe r

E 5.2 p. 160 D esigning associations among classes
N ote that the exe rc ise  says ‘ ta ke ca r e to spec ify … la be ls for  the  assoc ia tions’; howe ver , w e have only shown
labels w he r e the  def a ult ‘ ha s’  would not suff ice . I n ma ny of  the f ollow ing, diff e re nc e s in class name s ar e 
possible .

a )*W e will se e  late r on that aggre ga tion c ould be  used he re ; how eve r, a t this point in the book the  f ollow ing
w ould be  a  re asona ble  a nsw er . Making the  multiplic ity on the  Vehicle end 0..1 might be  e ven be tter ,
a llow ing f or whe els to exist on the ir ow n, without be ing a tta ched to ve hicle s.

******Vehicle Wheel

E 5.3 p. 160 E xplaining the  c onseque nce s of assoc iations in te rm s of cre ation and de struc tion of instanc es
T his e xe rc ise  ha s se ver al pa rts tha t a re  strongly a na logous to ea c h other , a nd w hic h tur n out to be ca ndida tes
f or  a ssocia tion classes, w hich ar e descr ibe d on pa ge 161.
a )*A  Vehicle could e xist, a nd the n a Wheel could be c re ate d and a ssociate d with it; c onver se ly, the whe els

c ould exist f ir st. Simila r ly, the  or de r in which these a ssoc iated obje c ts a r e de str oye d doe s not matter .

c )*U nder  norma l cir cumstance s in the  r e al w orld, a country exists ove r a longe r  per iod of  time  tha n a ny of  its
hea ds of  state. Howe ver , if we  imagine  a n inf ormation system stor ing biogra phica l inf ormation, the n a 
per son might be  cr ea ted in the  syste m who late r on is r e corde d as the hea d of sta te  of  a  c ountr y. So ther e 
a re  no nec e ssar y c onstr aints on the  or de r  of c re ation or  destruction of  the se insta nc e s.

e )*T his is similar  to pa rts b a nd d. T he Registration would be c re ate d af ter  the Member and the 
Activity, a nd would have  to be de str oye d no la te r  tha n the se assoc ia ted instanc es. ( In some 
c ir cumstanc es, the  Member and the  Registration could be c re ate d togethe r ).

E 5.4 p. 160 R eading assoc iations in both dire c tions.
T he  e xac t phr asing of  a nsw er s to this que stion w ill, of  cour se, va ry c onside ra bly. This exe rc ise  has pr ove n
par tic ular ly va lua ble  a t getting stude nts to c he ck their  w or k a nd de te c t er r or s in the ir  c lass dia gr a ms. Cre ating
the se  answ e rs e ven he lped us ma ke  impr ove me nts to our  a nsw er s to E 5.2. Diff e re nt answ e rs to E 5.2 w ould
r esult in dif fe r ent a nswe r s to this question.
a )*• A  Vehicle ca n have no Wheels, or  an unspec ified numbe r of  Wheels.

• A  Wheel alwa ys be longs to e xac tly one  Vehicle.

c )*• A  Country ha s e ithe r  z er o or one  know n HeadOfState.
• A  HeadOfState ca n hea d a ny number  of  Countrys

e )*• A  Member ca n r egister  in a ny numbe r of  ac tivitie s ( ca n have  a ny numbe r of  Registrations)
• E ac h Registration involve s r egister ing e xa c tly one  Member in e xac tly one  Activity
• A n Activity ca n have a n ar bitra r y numbe r of Registrations

E 5.5 p. 162 A dding association classes.
T he  question doe sn’t re quire  a  list of  a ttr ibute s, but w e show attributes be low to he lp expla in the pur pose of 
the  a ssocia tion class.
a )*A  r ea sonable assoc ia tion c la ss might be c alle d PlayingRecord or  some thing simila r . The  a ttr ibute s

nee de d w ould de pend on the  type  of sport, but might inc lude positionPlayed, goalsScored,
penalties and timeOnField

* ******Player SportGame

PlayingRecord

positionPlayed
goalsScored
penalties
timeOnField
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E 5.6 No public answe r

E 5.7 No public answe r

E 5.8 No public answe r

E 5.9 No public answe r

E 5.10 No public answe r

E 5.11 No public answe r

E 5.12 p. 175-176 Writing O CL constraints.
a )*Ref er r ing to Figur e 5.11, p. 164

context  RecordingCategory inv:
subcategory->forAll(r |

self <> r)

E 5.13 p. 178 D esigning how operations would be  pe rform ed
a )*I n this exa mple  it is ambiguous whether  getSiblings should inc lude  ha lf  siblings or just full siblings;

w e assume the  f ormer .
getSiblings (a  me thod of  Person)  w ould be  pe rf ormed as f ollow s:
1 O btain the  parents (a  Union) , by following the a ssoc iation
2. For  the femalePartner  of the  Union:

2.1 For  e a ch of  her  Unions
2.1.1 Put the childr en of  the  Union in the re sult set

( excluding duplica te s a nd the self objec t)
3. Repea t ste p 2 f or the  malePartner
4. Retur n the  re sult se t

c )*Ste p siblings a r e childr en of  a  pe rson’ s ste p- par ent w hic h ar e  not ha lf - siblings. To solve this proble m we 
w ill f ir st de fine a method of Person ca lle d getStepParents, a s f ollow s:
1. O btain the  pa re nts ( a  Union we  w ill c a ll mainUnion) .
2. For  the femalePartner  of the  mainUnion:

2.1 For  e a ch of  her  Unions othe r tha n the  mainUnion
2.1.1 Put the malePartner in the re sult set

3. Repea t ste p 2 inve rting femalePartner and malePartner
4. Retur n the  re sult se t

N ow  w e  c an de fine the  getStepSiblings me thod of  Person:
1. For  e a ch stepParent obta ine d by ca lling getStepParents

1.1 A dd e a ch of  the  childr en of  the  stepParent to the re sult set
2. Call getSiblings to obta in the set of  siblings
3. Subtr a ct the siblings and self f rom the  r e sult se t
4. Retur n the  re sult se t

E 5.14 p. 178 W riting O CL c onstraints for the  ge ne alogical e xam ple.
a )*context  Person inv:

dateOfDeath = ‘’
or dateOfBirth = ‘’
or dateOfBirth <= dateOfDeath

E 5.15 No public answe r

E 5.16 No public answe r

E 5.17 No public answe r
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E 5.18 p. 184 M ak ing a preliminary list of classes by  listing noun phrase s in re quire me nts.
I n the  f ollow ing, we  simply list a r ea sonable  initial se t of  classes ba se d on a f ir st sc an of  the nouns in the 
proble m de scr iptions. O the r lists a r e possible . Not a ll the nouns show n w ill e nd up in the  fina l a nsw er s, show n
in the  a nsw er  to E 5.20. Classe s w he r e the re  is some  initia l doubt ar e mar ke d ‘ ?? ’ .

a )*Bank a cc ount ma nageme nt system (p. 448)
• Service ?? 
• BankAccount
• Branch
• Client
• MortgageAccount, ChequingAccount, CreditCardAccount
• Property ?? 
• CreditCard
• JointAccount ?? 
• Privilege ?? 
• Division, SubDivision ?? 
• Manager, Employee ?? 

N ouns not on the  list be ca use  the y w ill probably not be cla sses in the syste m:
• Syste m ( be c ause  it is not pa rt of  the domain) 
• O OBank ( an insta nc e) 
• a ddre ss, br anch numbe r (a ttr ibute s) 
• a cc ount numbe r, ba la nce , c re dit limit, over dr a ft limit ( attr ibute s)
• inter e st r ate, monthly f e e (a ttr ibute s) 
• husba nd, w ife  ( inf or mation in a n exa mple  only) 
• c he que , insur anc e (possibly be yond the  sc ope, ma y bec ome  c la sse s later ) 
• Pla nning, I nvestme nts, Consume r , Consume r  D ivision (instance s)
• per sonal ba nker  (a ssociation)

E 5.19 No public answe r

E 5.20 p. 189 A dding ge ne ralizations or interfac es to a c lass diagram.
a )*Bank acc ount managem e nt  syst em :  See  5.21e f or  a  re la ted pr oble m.

*

accountHolder

Customer

name

MortgageAccount

collateralProperty

AccountType

interestRate
monthlyFee
checksAllowed
insuranceAvailable

ChequingAccount

Branch

address
number

OrganizationalUnit

Person

Account

number
balance
creditOrOverdraftLimit

CreditCardAccount

expiryDate

CreditCard

name

subdivision

Employee

*

manager

0..1
0..1 *

worksFor

personalBanker
*

1..*

*

0..1

*

1..2

T he  distinc tion be tw e en AccountType and Account is importa nt ( so tha t ea c h Account does not
nee d to store  its ow n inte re st ra te ) . The re  is a  good c hance , how e ve r, that stude nts w ill not  make this
distinction in the ir  initial a nsw er s.

T he  f ollow ing a r e some va r ia tions:
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• A  c ustomer  is not alw ays a  per son, so the  gene ra liz ation her e  may ne ed to be  c ha nge d so the  top class is
LegalEntity, w hic h ha s Customer as a  subc lass ( or  the ge ner aliza tion ca n be r emove d entir ely)

• T he re  ca n be se par ate  Department and Division classes, a lthough the solution show n, using
OrganizationUnit is more  f lexible) . I t is impor ta nt, how e ve r, not to add a  se pa ra te cla ss f or ea c h
division, a s tha t would be  ver y inf lexible.

• E ac h individual cr edit ca r d ma y have  its ow n numbe r .

• CollateralProperty and Address ma y be cla sses inste ad of  simple  a ttr ibute s

• Y ou might a dd a  se pa r ate Privilege class a ssociate d to AccountType, instea d of the  a ttr ibute s
checksAllowed and InsuranceAvalable.

E 5.21 p. 189 A dditional ex e rc ise s in drawing c lass diagrams, based on E 2.10 ( p. 41).
Since  ea ch of  these lac ks de ta il re gar ding the  r equir eme nts, we  ha ve  ha d to sugge st the attr ibute s a nd
a ssoc iations tha t should be pr e se nt. N ote  tha t e ac h of the se  re pr e se nts only par t of a  f ina l syste m – many
details (e .g. a dditiona l c la sse s)  ha ve  be en omitte d.

a )*V ehic les: W e a ssume  data  is being ma intaine d f or  hobbyists inte r este d in data a bout a wide va r ie ty of 
vehic les a nd the ir  pa rts. In this a nsw er , w e dec ide d to follow the  patter n f ound in Figure  5.12 – cr e ating a 
VehicleCategory class instea d of modelling ea c h type of  ve hic le  a s its ow n c la ss. Students who
c re ate d the  c la ss hie ra rc hy in E2.10 might simply tra nsc ribe  it he re ; how eve r, it is a  good lea r ning exer c ise
to show tha t although the  hier a rc hy of  E 2.10 might ha ve  be en good for pre liminar y doma in mode lling, the 
a nswe r  below is much more  flexible ( it a llows ne w vehic le types to be a dded without e xtr a progr a mming).
N ote a lso tha t que stion E 6.2 is r ela te d to this.

VehicleCategory

description

*

powerSource *

subcatgegory

isOfCategory
Vehicle

name
manufacturer*

VehiclePart

description
typicalNumber

*
hasParts

*

*
subparts

*

c )*Bus sc he duling: W e a ssume  a  system for a  bus compa ny that r uns r e gula r  r outes a s w ell a s c ha rte rs. T his
has much in c ommon w ith the Air line  syste m (se e the  a nsw er  to E 5.26) . N ote the  f ollow ing points:
• T he  subc la sse s of BusVehicle ha ve  be en me rge d, a nd the  a ttr ibute  c ate gory is used to dete rmine 

w he the r the  bus is a  luxur y one  or not.
• A lthough it w ould se e m tha t TripOnRoute would have  no distinguishing f ea tur es, a nd thus not ne e d

to exist a s a  se pa ra te cla ss, in fa c t it could c ontain the  a bstra c t ope ra tion getRoute, w hic h would be 
imple mente d dif f er ently in its tw o subcla sses.

• I nf or mation a bout bus stops not inc luded in this mode l, but w ould be  r a ther  impor tant.
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RegularlyScheduledTrip

depTime

BusRoute

origin
routeNumber

*

*
BusVehicle

model

*

yearMade

TripOnRoute

ActualTrip

date

destination
normalRunningTiime

identificationNumber

category

CharteredTrip

startPoint

startTime
expectedReturnTime

charterer

ScheduledTrip UnscheduledTrip

*

e )*F inanc ial instit ut ion: See  5.20a  f or  a similar  pr oblem ( tha t a lso inc ludes the notion of custome r s which
a re  omitte d her e ). N ote  the following points a bout this answ e r:
• W e ha ve de c ided to ma ke  BankAccount a kind of  FinancialInstrument; this is a  bit diff e re nt

f rom w ha t w e did in the  a nsw er  to E 2.10e , but ha s the  a dva nta ge  that it a llows the de nomina tion
a ssoc iation to inher it nic ely.

• I t is we ll know n tha t debit ca r ds ha ve  PI Ns. Some have a rgue d tha t c re dit c a rds don’t. I n f ac t the y do –
but the PI N s ar e  not used in some  jurisdictions.

*

Currency

code
exchangeRate

FinancialInstitution

name

FinancialInstrument

Branch

name
address

ReusableFinancialInstrument

number

Cheque

CreditCard

creditLimit
name

PIN

DebitCard

amount
date
sequenceNumber

BankAccount

accountNumber
balance
overdraftOrCreditLimit

Loan

monthlyPayment

CreditCardCompany

issuer

Bank
hasBranches

drawnAgainst

denomination

*

*

* connectedAccounts

1..*

*

*

E 5.22 p. 192 D ete rm ining re sponsibilities for e ac h c lass.
I t is impor ta nt that these  be simple  phr a se s. Suita ble c lasse s for  the  re sponsibilities ar e given in pa re ntheses. I n
some c ases the w or d ‘ singleton’  is use d to indic ate  tha t the  re sponsibility could be a dded to a  singleton class
not show n in the  a nsw er  to E 5.20. T her e a re  some times se ve ra l c hoice s f or  suitable cla sses; a ll suita ble
c hoic e s ar e  listed, w ith the  suggested one in italics. T he  plus symbol indic ates that ther e  should be  seve ra l
polymorphic  implementations in subc lasse s

a )*Bank a cc ount ma nageme nt system.
• A dding a  ne w custome r  ( single ton, sta tic  Customer) 
• Changing de tails of  a  custome r ( Customer) 
• O pe ning an ac count ( sta tic  Account +) 
• Cre diting a n amount to an ac count ( Account) 
• D ebiting a n a mount f r om a n a cc ount ( Account) 
• Cha nging the cr e dit or ove rdra f t limit on a n a cc ount (Account) 
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• I ssuing a new  c r edit ca rd (CreditCardAccount) 
• A dding a  ne w employe e  ( OrganizationalUnit) 
• Cha nging de ta ils of a n employe e  ( Employee) 
• A ssigning a  per sonal ba nke r to a custome r  ( Customer, Employee) 
• A dding a  ne w br a nc h ( single ton, sta tic  Branch) 
• Cha nging the addre ss of  a  br anc h (Branch) 
• Cha nging a n e mployee ’ s re por ting re lationship (Employee) 
• Cha nging the divisional structure  in the  or ga niz ation ( OrganizationalUnit) 
• A dding a  ne w ac c ount type  (single ton, sta tic  AccountType) 
• Cha nging deta ils of an ac count type  ( AccountType) 

E 5.23 No public answe r

E 5.24 p. 194 A dding operations to a c lass diagram .
T he se  c ould be  liste d inside c la ss boxe s; how ever , w e have just shown them as simple  lists f ollow ing e ac h
c la ss.
a )*Bank a cc ount ma nageme nt system

• Account
Account(overdraftLimit, accountType)
credit(amount)
debit(amount)
changeOverdraftLimit(amount)

• ChequingAccount
ChequingAccount(overdraftLimit, accountType)

• MortgageAccount
MortgageAccount(initialBal, accountType, propertyDescription)

• CreditCardAccount
CreditCardAccount(accountType)
addCard(name)

• AccountType
changeInterestRate(newRate)
changeMonthlyFee(newFee)
changeChequingPrivilege(checksAllowed)
changeInuranceDetails(insuranceDescription)

• Person
( no oper ations a t this le vel of  a na lysis) 

• Employee
changeName(name)
changeOrganizationalUnit(newOrganizationalUnit)

• Customer
assignPersonalBanker(employee)

• Branch
changeAddress(newAddress, newPhoneNumber)

• OrganizationalUnit
addEmployee(name)
changepParentUnit(newParentUnit)

E 5.25 No public answe r

E 5.26 No public answe r

E 5.27 No public answe r
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Chapt er 6.  Using desi gn patt er ns

E 6.1 p. 206 A pplying the A bstraction-O cc urrenc e patte rn.
a )*

PeriodicalIssuePeriodical *

name
publicationFrequency
issn

volumeNumber
issueNumber
publicationDate
numPages

E 6.2 No public answe r

E 6.3 No public answe r

E 6.4 No public answe r

E 6.5 p. 221-222 De te rmining the  pattern( s) that would apply in spe cific  design c irc um stanc e s.
a )*A dapt e r (in your inher ita nc e  hie r ar chy c re a te  a n a da pte r c la ss that whose  methods delega te  to those in the

c la ss you w ant to re use )

N ote, pa rts a  a lso uses de le ga tion, but this is not the  dominant patte r n he r e.

E 6.6 No public answe r

E 6.7 No public answe r

E 6.8 No public answe r

E 6.9 No public answe r
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Chapt er 7.  Focusing on users and their  t asks

E 7.1 p. 232 R eflec ting on the usability and usefulness of ev e ry day  software .
T his e xe rc ise  is highly subjec tive; answ e rs w ill de pe nd on the sof tw ar e  c hosen, the  ve rsion of the  softwa r e and
the  r e ader ’ s pe r sona l e xpe rienc e with the  sof twa re .

E 7.2 p. 234 D ete rmining the types of  use r s who w ill use  syste ms.
a )*A n air  tra f fic c ontr ol syste m w ould be  used by highly tr aine d a ir - tr af f ic  c ontrolle rs and the ir  ma na ger s.

T he y w ould be  using the  system inte nsive ly thr oughout their w or king da y. Some aspec ts of  the syste m
might also be  used by pilots, gover nme nt avia tion a uthor itie s a nd airport a dministr ators.

E 7.3 p. 237 W riting use  c ase s
a )*T he  se quenc e of  oper a tions c ould dif fe r f rom bank to ba nk.

U se  c ase : Pay bill at A T M.
A ct or s: A ny me mbe r of  the gener a l public w ith a  bank a cc ount a nd bills to pa y ( minimum like ly age  is

16) 
Goals: T o e ff ic iently a nd ac cur ately pay his or he r  bill
P re conditions: T he  ac tor  must have  a n a cc ount at the bank. The bank must a cc ept the  bill in question

f or  pa yment. The  a ctor must ha ve the ir  ba nk c a rd a nd know the ir  PI N. T he ac tor  must ha ve 
suf fic ie nt funds in the ir  ac count.

Ste ps:
A ctor  ac tions Sys te m r es ponse s 
1. Ins ert c ard 2. Prompt for PIN

3. Enter PIN 4a. D ispla y lis t of tra ns a ctions

4b. Prompt for des ire d tra ns ac tion

5. Spe cify ‘pay bill’ 6. Prompt for de ta ils  of bill

7. Enter de ta ils  of bill 8. Prompt to de pos it bill us ing a n e nvelope 

9. De pos it bill 10a . A cc ept deposit

10b. D ebit ac count

10c . Print re ce ipt

10d. Prompt to s ee  if the re is  another transa c tion

11. Indica te no othe r tra nsa ction 12. Ejec t c ard

13. Ta ke  c a rd 14. D ispla y w elc ome mes sa ge

P ostc ondit ions: T he  syste m ha s stor ed the bill physica lly, a nd ha s a r ec or d of the  tr ansa c tion. T he  ac tor 
has a  re ce ipt f or the  tra nsa ction.
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E 7.4 p. 238 D ra w ing use  c a se  diagra ms
a )*Librar y syste m (base d on example  4.9, pa ge  126)  W e  give  two answ e rs f or this: T he fir st does not use 

gener a liza tion, whic h had not yet be en disc ussed in the  te xt in the conte xt of  use ca se dia gr ams. This
dia gr a m is exce ssive ly complex so w ould not be  w or th dr a wing in a  re al softw ar e e ngine er ing projec t.

Search for 
items by 

title

Borrower

Search for 
items by 

author

Search for 
items by 
subject

Check out
an item

Check 
personal 

information

Checkout Clerk

Librarian

Add a
new item

Delete
an item

Change
an item's

information

Check in
an item

Renew
an item

Record
fine 

payment

Add a
borrower

Update a
borrower's
information

Place a
book on 

hold

Accounting System

Obtain
overdue fine

amount

T he  se cond ve rsion of  the  answ e r use s ge ner aliza tion, show ing how  the dia gr a m ca n be simplified (f ew e r
lines) 

Search for 
items by 

title

Borrower

Search for 
items by 

author

Search for 
items by 
subjectCheck out

an item

Check 
personal 

information

Checkout Clerk

Librarian

Add a
new item

Delete
an item

Change
an item's

information

Check in
an item

Renew
an item

Record
fine 

payment
Add a

borrower

Update a
borrower's
information

Place a
book on 

hold

Accounting System

Obtain
overdue fine

amount
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E 7.5 p. 240-241 Writing use cases for the  c ar park  sy ste m.
a )*

U se  c ase : E xit c ar  pa rk by pa ying using a  de bit c ar d.
Goals: T o lea ve  the par king lot a fte r ha ving paid the  a mount due using a de bit c a rd
P re conditions: I n a ddition to ‘ exit ca r  par k’ pr e conditions: The  driver  must ha ve  a vaila ble  his or  he r

debit ca rd and know the  PI N. T he dr ive r must have suf fic ie nt funds in his or  her  ba nk ac count.
R elat e d use  c ase s:

Spe cia liza tion of: E xit c a r pa r k
Ste ps:
A ctor  ac tions Sys te m r es ponse s 
1. Drive  to e xit barrie r, triggering a  s e ns or. 2a. D e te ct pres e nc e of a c ar.

2b. Prompt drive r to inse rt his  or her c a rd.

3. Ins ert tic ke t. 4. Dis play amount due .

5.1 Inse rt de bit c ard. 6.1 Prompt for a cc ount (c hequing/sa vings ).

5.2. Spe cify ac c ount. 6.2. Prompt for PIN.

5.3. Spe cify PIN . 6.3a. De bit a cc ount.

6.3b. Ejec t debit ca rd.

6.3c. Prompt drive r to ta ke de bit c a rd.

5.4. R emove  debit ca rd. 6.4. R aise  ba rrier.

7. Drive  through barrie r, triggering a  s e ns or. 8. Low er ba rrie r.

P ostc ondit ions: I n a ddition to ‘ Exit ca r  par k’ postc onditions: T he dr ive r’ s bank a cc ount has be en
debite d.

E 7.6 No public answe r

E 7.7 p. 242 Listing use  c ase s and prioritizing the m .
a )*A  tele phone  a nsw er ing mac hine.

• Rec or d outgoing me ssa ge 
• Rec or d inc oming me ssage 
• L iste n to inc oming me ssage s
• Skip bac k to pr e vious message
• E ra se  a me ssa ge 
• Skip to ne xt me ssa ge 
• Rec or d a  c onver sation

E 7.8 p. 257 Cre ating e rror m essages for a use r interfac e.
a )*T he re  ar e unlike ly to be a ny e r ror messa ges on this scr e en!

E 7.9 p. 257 D ete rm ining whethe r response  time  is adequate at a we b site .
T he  a nsw er  to this e xer cise de pends on the de sign of the  w eb site  chose n (a nd tha t we b site ’s r e sponse time
may c hange  fr om time  to time ).

E 7.10 p. 257 P re paring a pape r prototype.
T his a  pra c tica l e xe r cise  with no spec if ic right a nsw er .

E 7.11 No public answe r

E 7.12 p. 258 P erforming he uristic ev aluations of use r interfac es.
T he  a nsw er s to this e xe rc ise  depe nd on the  pr ogr ams c hose n, the  ver sions of  those progr a ms, a nd the pa r ts of 
the  pr ogra ms eva luate d.

E 7.13 p. 258 P erforming a heuristic e valuations of a web site .
T he  a nsw er s w ill de pend on the  w eb site  chose n.
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E 7.14 p. 258 H av ing m ultiple pe ople c onduc t se parate  heuristic  e valuations.
T his is another  subje ctive  e xe r cise .

E 7.15 p. 259 P erforming he uristic ev aluation of a G A NA  prototy pe  and updating the  UI .
T his is another  subje ctive  e xe r cise .

E 7.16 p. 260 P erforming an ev aluation of a U I by observing use rs.
T his is another  subje ctive  e xe r cise .
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Chapt er 8.  Model li ng inter acti ons and behaviour

E 8.1 p. 273 D rawing seque nce  diagram s.
a )*Librar y example : T his a ssume s tha t the re  is a  Library singleton class a cting a s a  Fa ça de .

borrow

foundBook: 
CopyOfBook

:Library

foundBook := 
search(title) :Loan

[available] «create»

E 8.2 No public answe r

E 8.3 p. 275 D rawing m ore c ollaboration diagram s
T he se  corr e spond to the  a nsw er s to E 8.1

a )*L ibra r y exa mple 

GUI

2:borrow

foundBook: 
CopyOfBook

:Library

1:foundBook := 
search(title)

:Loan
3:[available] «create»

E 8.4 No public answe r

E 8.5 p. 279 D ete rm ining the state  the sy ste m would be  in afte r a seque nce  of e ve nts.
a )*I t would be  in sta te  Cancelled.

Rationale:
I nitia l = Planned;
openRegistration ->  OpenNotEnoughStudents (classSize= 0) ;
requestToRegister ->  OpenNotEnoughStudents (classSize= 1) ;
requestToRegister ->  OpenNotEnoughStudents (classSize= 2) ;
cancel- >Cancelled

E 8.6 No public answe r

E 8.7 No public answe r

E 8.8 No public answe r

E 8.9 No public answe r

E 8.10 No public answe r

E 8.11 No public answe r

E 8.12 No public answe r

E 8.13 No public answe r



PUBLI C A NSW ERS T O EX E RCISE S PA26

T HE SE  AN SW E RS SU PPORT  T HE  BO OK  O BJ ECT O RI E NTED  SO FTW AR E E NG INE ER ING :

E 8.14 p. 283-284 Drawing and ex tending state  diagram s.
a )*Jukebox.

do:
play chosen
selection

MusicPlaying

ProposeSelection AcceptingMoney

enterCoin
/displayTotal

[enoughMoney]pressSelection
/returnChangeIfNecessary

enterCoin
/displayTotal

[not enoughMoney]pressSelection
/displayNotEnoughMoney

pressReturnMoney
/returnMoney

E 8.15 No public answe r

P8.2 p. 291 D rawing state  diagram s of OCSF and Sim ple Chat
a )*ConnectionToClient in the OCSF Fr a me wor k: N ote  that e vents such as setHost ha ve  not bee n

modelled he re .

Initializing
AcceptingMessages

ReadyToTransmit
Terminating

IOException

exception/
clientException

Running message/
receiveMessageFromClient

sendToClient/
send

close/
clientDisconnected

/clientConnected
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Chapt er 9.  Ar chi tect i ng and designi ng sof tw ar e

E 9.1 p. 299 D iv iding a sy ste m into subsy ste ms (see  also E4.3, p. 110).
T he re  w ill be sever a l wa ys of  dividing the se  into se pa r ate syste ms. T he following syste ms suita ble f or  the
r equir ements for  a re  expr e ssed as a  simple hie ra rc hic al list.
a )*Polic e  inf ormation system

U se r inter f ac e layer /clie nt
Main f unctional la ye r /ser ve r

Scheduling subsystem
Case manage me nt subsystem
Per sonne l manage me nt subsystem
Sta tistics subsystem  ( ma y not be  impleme nted in e a rly r elea ses)

D oc ume nt r e positor y
D ataba se  subsystem
Subsyste m providing inter f ac es to othe r syste ms

E 9.2 No public answe r

E 9.3 No public answe r

E 9.4 No public answe r.

E 9.5 No public answe r

E 9.6 p. 312 Cate gorising aspec ts of de signs ac cording to the  coupling the y e xhibit.
a ) *Common c oupling (a ll me thods that a c ce ss the var ia ble s a re  c ouple d)

E 9.7 p. 313 D ete rm ining ways to reduce  c oupling.
a )*I t would be  better  to have  methods getMinClassSize and getMaxClassSize available  in

CouseSection – this is pr oba bly a  r ea sonable pla ce  to use  static me thods, e ve n though w e  r ec ommend
in ge ner al that they be  a voide d. Ac c ess to the  sta tic  va riables should not be public.

E 9.8 No public answe r

E 9.9 pp. 321- 322 Choosing an archite cture , basing the  de cision on quality  re quire me nts.
I n pa r ts a  and b, the  obje ctive s ar e  not me t by any of the  a r chitec tur es; this r aises some  de ba te  sinc e  w e have
to choose w hich re quire me nts to r ela x; w e  r ea lly ne ed f urthe r  study and disc ussion with the  sta keholder s.

a )*Choose  a rc hitec tur e A , although a rc hitec tur e C might also be  a re a sona ble  c hoice  – fur ther  study is
proba bly ne eded. Rationale :
• Runs on windows: Cle a rly e liminates D (A , B, C lef t)
• W or ks on a  30 K bps c onnec tion or fa ste r: Elimina te s B a nd pe r ha ps elimina te s A , how eve r we  will

lea ve  A under  c onside ra tion for  now  sinc e  it is close  to this thr e shold ( A, C le f t) 
• W or ks on a  500 MHz  ma chine  or f aste r :  Clea rly e liminate s C. Le aving only a r chite ctur e  A  e ven

though it doe s not quite mee t the  highest priority obje c tive : bandwidth e ff icienc y.

E 9.10 No public answe r

E 9.11 No public answe r

E 9.12 No public answe r

E 9.13 No public answe r

E 9.14 p. 339 D esigning the  archite cture  of system s.
a )*A  c or por ate  payr oll syste m.
T o be  pr ovide d.
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Chapt er 10.  Test ing and i nspect ing to ensur e high quali t y

E 10.1 No public answe r

E 10.2 p. 353 D ete rm ining e quivalence  classes for te sting purpose s.
a )*Telephone num be r . Note  that it is good pra c tice  in softwa r e enginee r ing to not r equir e telephone numbe r s

to be  in a ny pa r ticular  f ormat; this is bec ause te lephone numbe r f or ma ts ca n c ha nge  over  time , a nd be ca use 
f or ma ts dif fe r f rom c ountr y to country. A lso, pe ople ne e d to ente r  str ings suc h a s ‘e xt’  to spe c if y a n
e xtension; ther e fore  in the following we  ar e being ve ry libe r al a bout w ha t c ould be  e nte re d. You may
c hoose  to be mor e re str ic tive.

E quiva le nc e  c la sse s of va lid da ta 
1 A ny string of  pr inta ble  A SCI I c ha ra c te rs (inc luding letter s, numbe rs a nd spe cial symbols)

E quiva le nc e  c la sse s of invalid da ta 
2 T he  e mpty str ing ( assuming the  input is r equir ed)

c )*A  t im e  z one  ( num er ic  or  alphabe tical)

E quiva le nc e  c la sse s of va lid da ta :
1 A ny se quenc e of  thre e  uppe r- ca se le tte rs (time  z one s ca n be spe cif ie d in ma ny dif fe re nt wa ys

depending on the  c ountr y; we  a r e thus be ing libe ra l a bout allow ed input)
2 A  str ing of  the  forma t shh[:]mm, whe re 

s c an be  ‘ + ’ or  ‘- ‘,
hh ca n be 00 to 14  (time  z one s ne a r the  date  line  c an some times be  gr ea te r  tha n 12 hours fr om UT C) 
mm ca n be 00 or  30

E quiva le nc e  c la sse s of invalid da ta :
3 A n empty string (a ssuming input is r equir ed)
4 A  str ing of  length 1 or  2
5 A  nume ric time z one w ithout the  ‘ +’  or  ‘ - ‘
6 A  numer ic time zone whe re  the hour is gr ea ter  than 14
7 A  nume ric time z one w he re  the minute s ra nge  f r om 01 to 29
8 A  nume ric time z one w he re  the minute s ar e  othe r tha n 00 or  30
9 A  sequence  of  a lphabe tic c ha ra c te rs of  le ngth gr ea ter  than 3
10 A c ha ra cter  string mixing digits a nd le tte rs
12 A  c ha r ac te r  str ing w ith c har ac ter s other  than digits, le tter s or ‘ :’ , ‘ + and ‘ -‘  in the appropr iate spots.

E 10.3 p. 355 D ete rm ining e quivalence  classes when there are  m ultiple inputs.
T he  f ollow ing a lso incorpora te s the  answ e r to E10.4 ( ma r ke d -  Bounda ry ca se s)

a )*P er sonal inform ation form 
D ate of Bir th: W e will conside r  this a s thr ee  se pa r ate inputs w ith a  r e quir e d for ma t of yyyy/mm/dd; you

may ha ve  picked a dif fe re nt for ma t.
Y ea r
1 V alid: inte ge rs fr om 1880 to 9999 ( A ssume  this is a  system f or pe ople a live  at the time the  system is

use d
    -  Bounda ry ca se s: 2000, 2001, 1880, 9999

2 I nvalid: I nte ge r s fr om 0 to 99 (w e tre at this a s a separ a te  c a se  sinc e the re  ma y be some code tha t
inc or r ec tly handle s 2-c ha r ac te r  date s, w hic h w e ha ve de c ided not to allow )
-  Bounda ry ca se s: 0, 1, 99

3 I nvalid: I nte ge r s fr om 100 to 1879
-  Bounda ry ca se s: 100, 1879

5 I nvalid: E mpty str ing
6 I nvalid: String with non- numer ic cha ra cte rs

Month
1 V alid: 01 to 12
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-  Bounda ry ca se s 01, 12
2 I nvalid: 1 to 9 (a ssume  w e  e xplic itly re quire  tw o digits)

-  Bounda ry ca se s 1, 9
3 I nvalid: 00 a nd 0
4 I nvalid: 13 to 99

-  Bounda ry c a se s 13, 99
5 I nvalid: E mpty str ing
6 I nvalid: String with non- numer ic cha ra cte rs

D ay
1 V alid: 01 to 28

-  Bounda ry ca se s 01 a nd 28
2 V alid: 29 in Fe bruar y of a  lea p yea r , or in any othe r month a ny ye a r.
3 I nvalid: 29 in Fr e br ua r y of  a ye a r other  than a  le ap ye ar .
4 I nvalid 30 (in Februa ry)
5 V alid: 30 ( in some  month other  than Fe br uar y) 
6 I nvalid: 31 ( in a 30- day month or in Fe br uar y) 
7 V alid: 31 ( in a  31-da y month)
8 I nvalid: 32-99

-  Bounda ry ca se s 32, 99
9 I nvalid: 00 a nd 0
10 I nvalid: 1 to 9 (2 c har ac ter s r equir ed)

-  Bounda ry ca se s 1, 9
11 I nvalid: E mpty str ing
12 I nvalid: String with non- numer ic cha ra cte rs

Str ee t A ddr ess:
V alid: Cha r ac te r  str ings of le ngth 2-40 ( assumed limits)  c ontaining upper  a nd low er  c a se  c har ac ter s,

numbe r s, c omma, pe riod, hyphen, single  spac es, a cc e nts a nd diac ritic als
Bounda ry c a se : Str ings of  le ngth 2 a nd 40

I nvalid: Char ac ter  strings c ontaining non-printa ble  c ha r ac te r s
I nvalid: Char ac ter  strings w ith mor e  tha n one  embe dde d spa ce 
I nvalid: Strings of length 0-1

City, Country a nd Postal c ode 
Same a s str ee t a ddre ss, e xce pt that country a nd posta l c ode c an ha ve  0 char a cter s

H ome T elephone N umbe r 
V alid: E mpty str ing
V alid: Str ing of  c ha r ac te r s inc luding digits, ‘+ ’, ‘( ’ ‘ )’ , ‘ -’ , ‘ x’  a nd spa ce 
I nvalid: O the r str ings of  c ha r ac te r s

E 10.4 p. 355 D ete rm ining boundary value s.
See  the lines ma rked ‘bounda ry ca se s’ in the a nswe r  to E 10.3

E 10.5 No public answe r.

E 10.6 p. 358-359 Table s of conditions for te sting purpose s.
a )*Messa ge for wa rding

T o be  pr ovide d.

E 10.7 No public answe r

E 10.8 pp. 365- 366 Classify ing and te sting for num erical defec ts.
a )*A ssuming a  floa ting point va lue  w ill be e xa ctly equal to 3.0, w he n it might be  slightly diff er e nt f r om this.
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E 10.9 No public answe r

E 10.10 No public answe r

E 10.11 p. 372 D esigning stre ss and unusual- situation te sts.
a )*A  new  we b browse r

• L oa ding a truly ma ssive  w e b pa ge full of  complexity.
• L oa ding a w eb pa ge  c ontaining a  lar ge amount of Ja vaScr ipt.
• L oa ding a w eb pa ge  c ontaining sever a l la r ge  Ja va  a pplets.
• L oa ding a w eb pa ge  f ull of  html e rr ors
• L oa ding a w eb pa ge  w ith obsole te html construc ts
• L oa ding a w eb pa ge  w ith the la test c omple x html and c asc ading style she et c onstr ucts
• L oa ding a w eb pa ge  that c ontains an extr e me ly la rge  numbe r of le vels of ne ste d html tags.
• L oa ding a w eb pa ge  c ontaining table s w ith a n e xtre mely lar ge  numbe r of  columns a nd row s.
• L oa ding a w eb pa ge  de ma nding a  lot of width of  the  re sulting output
• L oa ding a ver y lar ge  we b page tha t c onta ins a  la rge  numbe r of  embe dde d objec ts.
• T esting the  brow se r on an extr e me ly slow  conne ction.
• L oa ding a ver y lar ge  numbe r of  we b pages at once  in multiple  windows.
• Running on a va r ie ty of  diff er e nt ve rsions of  the tar ge t ope r ating system.
• Running on a mac hine with too little  me mory
• Running on a ma c hine  with too little  disk spa c e for  c ac hing pur poses.
• L oa ding ra ndom pages over  and ove r a ga in for a  long time  ( using a  dr ive r) 
• Running on a ve r y sma ll sc re en
• D ea ling with re pea te d f ailur es of  c onne c tions

E 10.12 p. 376 W riting test c ases.
a )*Messa ge for wa rding

T o be  pr ovide d.

E 10.13 No public answe r.

E 10.14 No public answe r.

E 10.15 p. 387 Conduc ting code inspe ctions.
T his is a pur ely pra c tica l e xe r cise 
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Chapt er 11.  M anagi ng the sof tw are pr ocess.

E 11.1 p. 401 R ev iewing group work in orde r to improv e proce ss.
T his is pr a ctic a l wor k only

E 11.2 No public answe r

E 11.3 No public answe r.

E 11.4 p. 419 Cre ating a te am struc ture for different software  proje cts.
a )*Repla c ement of the  income  ta x syste m of a  c ountr y ( unle ss the  c ountr y is a tiny island nation) w ould be  a 

ver y big unde rta king, r equir ing hundre ds of  pe ople . Some  kind of hie rar chy would c er tainly be r equir ed.
T he re  would probably be  a  gr oup of syste m a rc hitec ts and ove r all proje c t pla nner s w ho would divide  the
syste m into its pa rts, and pla n the  inte r fa ce s a mong the  par ts. T hen ther e w ould be  a  va rie ty of  sub- 
proje c ts. Some of the  sub- pr oje cts might be  ma na ge d using the  c hief - pr ogr am me r  or  e gole ss st yle .

E 11.5 No public answe r

E 11.6 No public answe r

E 11.7 No public answe r

E 11.8 No public answe r


