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The Toronto Public Libraries (hereafterTPL) is a public organizationmanaging the 99 public

libraries that operate in Mtro Toronto. TPL haslecided toredesignits collection naterial database.

Currently, the database holds information on:

. Books, videos and CDs available for borrowing;

. Every item (book, video, CD) has a unique collectipa title, ancan ISBN#which is unique for
every publication; every item may be in good ordedamaged (seebelow); note that ithere are
10 copies of a single book, they have distinct collection #s, but identical ISBN#s;

. Books can be in English, anotherlanguage; in eithecase, thedatabasestores thdanguage the
book is written in;
. Books have a publisher and one or more authors; &idsideos have ainiqueproducer,and one

or more artists.

In addition, the database maintains data on library users and their borrowed material:

. Each user has a unique userlID, address, phone#; users can be adults, children or seniors; seniors can
borrow material for longer periods, while childiggly anominal fine of$0.05/day forun-returned
material;

. When a user selects atem to beborrowed,the library clerk updateshe databaserecording
userlD, collection#, and date of borrowing;

. When a user returns atem, thelibrary clerk updateshe database,recordingthe datewhen the

item wasreturned; ifthe item isoverdue the clerk also collects a finealculated as 8ysLate *
fine/day;the fine per day amount is$0.50, $0.05, $1.00or seniors,children and adult users
respectively; the clerk also recordsftfiie database) tHme collected, ifany; in addition, the clerk
checks if the returned item is damaged, and if so, records this information (in the database, again).

To add new material to the collection, TPL ordéfsom XYZ Co., a wholesalesupplier. When it arrives,
it is catalogued (i.e., an entry @lded tothe database) and is madeavailable insome library. Damged
andunused raterial is removedfrom the collection. This igloneonce everysix months. The process
consists of selectingll items thatare damaged, draven'tbeenborrowed inthe lastyear,and physically
removing them from the collection.

Note: The above description is complex, miaave detailout andsupply unnecessarjnformation. You
will need tomake somessumptions about the probldor the parts belowMAKE SURE you write
your assumptions down!
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1. [Entity-Relationship Diagrams; 15 marks]
Draw anEntity-Relationshipdiagramthat representshe information about collection materials, users and
borrowingshandled bythe TPL database.Make sure tospecify clearlythe attributes ofevery class and

relationship, as well asardinalitiesandkeys. Yoursolution should bean Entity-Relationshipdiagram,
NOT a UML class diagram!

Sample solution

O borrowDate

collecti.on# ®— |cm e :8 userlD
titte O— — phone
ISBN 1 @ address
O
D
publisher returnDate
O Book
(LNO Video

author ég é} é) cD
languag 1 Jﬂ
producer ar'sis’t ) é) A) (1,N) Adult Child

producer artist

Senior
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2. [Sequence Diagrams; 15 marks]

Draw a sequence diagram tlagiscribes how returned naterial ishandled byTPL. Thesequence diagram
should show interactions betweamisera clerkandthe TPL databaseluring the process ohaving auser
return a borrowed item. Make sure to show explicitly conditional interactions.

Sample solution

TPLDB
User Clerk
1
receiveltem [damaged?]
calculateCharge(item) -
[undamaged?]
amountOwed

[amount>0]pleasePay

[amount>0]receive(payment) |

thanks

updateRecord(item,paymentzE

getPurchasePrice(item)

[late?]
calculateFine(user)
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|
3. [State Diagrams; 15 marks]

Draw up a stateliagramthat describeghe lifetime of a collection itenfrom the moment it isordered by

TPL until it is removedfrom the TPL collection. Foeachstate,specify entry, exit, and doactions. For
each transition, specify relevant events, conditions and actions.

Sample solution

Waiting _ Preparing
lorder > for item arrived > Do/catalogue
to Exit/place in

arrive

library

/makeAuvailable

borrowed/
< updateRecord()
On loan returned
[undamaged?&onTime?p]
/updateRecord()
returned
[undamaged?&late?
/requestPayment(fine)

Available

[dr:rtrtjezned &updateRecord() whep(beginningOf6Months)
/requestPaym%nt(ite Price) [toBeRemoved?]
gupdateRecord() /updateRecord()

&removeltem() &removeltem()
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4. [Database Design; 20 marks]

Suppose yolaregiven theEntity-Relationship (ERschemashown below. ltdescribeshe contents of a
studentdatabasdor Ontariouniversities.All attributesareassumed to bsingle-valued. In addition, you
may assume that there are students aiemeitherundergraduateor graduate(specialstudentsallowed to
take courses but not studying towards a degree).

(O startYear
name Student Universit —@ name
addr O— A Y 10O ity
Undergrad (O startDate name
Graduate Professor :8
average dept

(5 thesisTitle

[Part a; 10 marks] Draw an ERschemathat capturegshe same information as tlikagramabove, but
does not have any generalization relationships.

(O startYear

name O— siudent University | @ Name
addr O— y —(O City
@1
Undergrad (O startDate name
Graduate Professor :8
average dept

A) thesisTitle
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[Part b; 10 marks] Give a relational schema thaaptureghe same information as your E&Rhema of
part (a). Show clearly keys for each relation in your schema.

Student(st#,univNamename,addr,startDate)
University(namecity)
Undergrad(st#,univNameaverage)
Graduate(st#,univNamethesisTitle)

Professorfiamedept)
Supervisor(st#,univName,profNamestartDate)
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. _____________________________________________________________________________________________________|
5. [Decision Tables; 10 marks]

Assume that A, B, Care Booleanvariables, X, Y, Zare outcomes. Propose @ecisiontable for the
following procedure:

If A then if B then X

else if C then Yelse Z endIf endIf
else if Cthen X else Z endIf
endlif

Make sure your final table is in simplified form, i.e., does not have redundant rows or columns.

Unsimplified form

A T T T T F F F F
B T T F F T T F F
C T E T E T E T E
A X X X X
Y X
Z X X X
Simplified form
A T T T F F
B T F F * *
X X
Y X
Z X X X | | X ]
. 5 marks for getting the structure of the table right
(ie, 6 rows, 8 colums, |abels)

. 8 marks for getting the unsinplified table right.
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|
6. [Short Questions; 25 marks total]

[Database Design; 5 marks]Consider aelation RA.B,C,D) with primary key A,Band functional
dependency C->D. Place this relation in 3NF, or explain why it is already in 3NF.

R(A.B,C)
R'(C,D)
. -1 mark for doing R (C,D)
. 1 mark (total) for saying something wrong (but not

al toget her outrageous..)

[Interface Design; 5 marks] Considerthe design ofan interfacefor a computer-supported 2-person
game, such ashess orcheckers. Assume that thgame startsvith the computersending a message to
userA prompting her for a move. UserA responds with a manethe computechecks if it is awinning
move. If so, the computer announces the win, else it prooget8for a move. Again,oncethe move is
in, the computer checks if it is a winning move and if not prompts userA for a move, etc.

Draw astatediagramthat describeghe dialoguestructure ofthis interface. Makesure to describe clearly
events, conditions and actions associated with each transition of your diagram.

AR noWinJcomputerProm
@ oo oIy e
__checks _thinks. %

A [Win]announceResult()

userAquits

userBmove
userBquits
[WinJannounceRes

Yo UserB\ [noWin]computerPrompt() /Computer
\thmks/ A checks/

userAmove

. 2.5 marks for getting states, transitions right

. 2.5 marks for getting events, conditions actions
right
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[Software Architectures; 5 marks] Consider asoftwaresystem that compileprograms written in a
high-level programming language (e.gava)into assemblylanguageprograms. The compilezonsists of
four componentd:exer, Parser, Optimizer andCode Generator. The Lexer reads the input program (an ascii
file) andproduces astream ofword tokens whicharefed into the Parser. TheParserreads intokens and
produces atream ofparsetrees, one foeachstatement of thenput program. The Optimizeprocesses
parse trees athey become availabldy transformingeach to another parseree using optimizing
transformations. Finally, th€ode Generatdaiakes inoptimizedparse trees athey becomeavailable, and
produces assembly language code which is written on an output file.

Define a software architecture feuch asoftwaresystem, usingne of{pipes-and-filters,dataabstraction,
layered, event-driven, repository-based}. Make sure to explain and justify your choice.

Pipes-and-filters

Tokens Parse tree .

%, Lexer »| Parser »|  Optimizer
Parse trele
\ 4

Code Generator

Assembly language co&e

[User Interface Design; 5 marks]Give one example each forfeedback and aforcing function feature
from the Netscape or Explorer user interface.

(Netscape)
Feedback:
When the systemis downloading afile, clouds are flashing by the big Netscape N in

the top righthand corner

Forcing Function:

When you are looking at a webpage, some ofthe icons atthe top of the window are
faded, indicating that the corresponding function is not available.

[Database Transactions; 5 marks] Explain the difference between adatabasetransactionand a
programming language procedure.

A database transaction either executes corpletely or not at all (i.e., is atomic). If
there is a problem in the middle of theexecution, all changes done by the transaction
are undone and the database returns tothe state it was before thetransaction started
executing.

Of course, programming language procedures are not atomic.
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[Scratch paper]
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[Scratch paper]



