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EGT2
ENGINEERING TRIPOS PART IIA

Tuesday 21 April 2015 21t0 3.30

Module 3F6

SOFTWARE ENGINEERING AND DESIGN
Answer not more than three questions.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is
indicated in the right margin.

Write your candidate number not your name on the cover sheet.

STATIONERY REQUIREMENTS
Single-sided script paper

SPECIAL REQUIREMENTSTO BE SUPPLIED FOR THISEXAM
CUED approved calculator allowed
Engineering Data Book

10 minutesreading timeisallowed for this paper.

You may not start toread the questions printed on the subsequent
pages of this question paper until instructed to do so.
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1 (a) Describe the purpose biterfaces in Object Oriented Design. Explain why
implementing multipld nterfaces by a single class might be useful. [15%]

(b) The stock exchange company is building a new version eif tihading system.
The system’s key component is a claissket that encapsulates business logic allowing
traders to execute transactions such as buying and setliafgss This class can also
deliver notifications of such transactions to other class&dditionally, it can provide
price information for individual stocks.

The market information can be used and presented in muliipies, one of which is a
simple table view that lists each stock displaying its syh{ba. AAPL), current price
and delta (the price change since the last update). Jthisk View is updated when a
transaction occurs in the market.

(i) Identify the principalClasses and theirRelationships for the Object Oriented
system that implements tlg&tock View functionality. lllustrate the design with

the help of eClass Diagram. Consider the use ohterfacesto encapsulate different
types of functionality provided by th€lass Market. [40%)]

(i) Draw a Sequence Diagram for the scenario in which th&tock View is
updated in response to a transaction executed in the market. [30%)]

(i) Discuss howAgile Software Development techniques can be used in the
project described above. [15%]
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2 (@) Describe the principles of goddker Interface (Ul) design and discuss the
main considerations for the Ul design of the software apgibms for smaller devices
such as smart watches. [15%]

(b) A company specialising in manufacturing new appliarfoesmart homes would
like to create an app that customers can download on theirtsnaich and use to
remotely control their new smart kettle. The users shouldlbe to set the kettle to
boil at a specified time from anywhere in the house via themrsnvatch, and to receive
notification when their hot water is ready. For optimal flaydhe kettle allows the users
to set the right temperature for different types of hot dsiskch as green tea, black tea or
coffee.

() Design the Ul for a software application for a smart wateth a small
touchscreen that implements this functionality. lden@ly main screens and
interaction elements, explain their purpose and desigstcaints. [25%]

(i) Following usability studies the company added a sertbat measures the
amount of water in the kettle. The smart watch app shouldyntite users if they

need to fill the kettle, depending on the number of cups theykmning to make.

Extend the Ul to enable this feature in the app. [15%]

(iif) Another popular feature request was to extend the apgtionality to allow

the users to notify other family members that the kettleaglyeso that they can join
and have a cup of tea or coffee together. Identify any additiecreens required to
support this feature. [15%]

(iv) Identify the most commoitUse Case for the smart kettle app and discuss the
User Experience. If required, optimise the design of the app to allow the most
common use case to be completed in the quickest possible way. [30%)]
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3 A government has designed a database to store informaltiout ats citizens’
telephone calls. A simple version of the database is shoviAignl. Each row contains
all the information for one citizen indicated by their nanNate). For each phone call
a record is kept of the telephone number from which the cal made, the telephone
number to which the call was made, and the time-stamp at whilsall began. E.g. for
the first call a citizen makes these are denoted TelFrl, Tediol TS1 respectively. Calls
made from the same device have unique time-stamps.

The full database will contain millions of citizens and eadizen makes many calls.

Name| TelFrl| TelTol| TS1| TelFr2| TelTo2 | TS2| TelFr3| TelTo3| TS3
Alice | 1781 | 4342 1 2781 | 5342 6 1781 | 5342 | 10
Bob | 3917 | 6443 1 3917 | 7664 | 8
Chris | 4342 | 2781 6 5342 | 7664 | 15 | 5342 | 2781 | 20
Dave | 6443 | 3917 | 12
Eva | 7664 | 3917 | 4 7664 | 1781 | 20 | 7664 | 3917 | 25

Fig. 1

(a) Evaluate the database design and suggest how to improv@raw an Entity-
Relationship Diagramto illustrate your answer. [15%)]

(b) Show the updated design of the tables including any Bstities and Attributes
added in the answer to part (a). Identify fAiemary andForeign keys used. [15%]

(c) Designaquery toreturn all of the telephone numbersAhe¢ has made calls from.
Express your answer using relational algebra or SQL codeapidin your solution. [10%]

(d) Design a query to return the names of the citizens who balled Alice. Express
your answer using relational algebra or SQL code and exgtain solution. [25%]

(e) The government wants to know the names of the citizens wéi@ called by
citizens who were themselves called by Alice. Design a blatguery and express your
answer using relational algebra or SQL code. Explain yolutisn. [25%]

()  The government wants to make many queries similar to tiesiio part (e). Describe
features that could be added to the database to accelexdtegsaries and detail any
potential disadvantages they may have. [10%]
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4 (&) Explain the importance of theerialisability of a schedule in concurrency
control. Define theserialisation graph and explain how it is used to determine whether a
schedule is serialisable. [20%]

(b) Fig. 2 shows a sequence of nineteen actions scheduledxgxution by four
transactions T1, T2, T3 and T4 operating on four databassuats A, B, C and D.

action number transaction action action number transaction| action
1 T1 A.read 11 T3 C.write
2 T1 B.read 12 T3 A.read
3 T2 B.read 13 T4 A.read
4 T3 D.read 14 T4 D.write
5 T1 B.write 15 T2 D.read
6 T2 C.write 16 T1 commit
7 T1 A.write 17 T2 commit
8 T4 B.read 18 T3 commit
9 T1 D.write 19 T4 commit
10 T3 C.read

Fig. 2

(i) Draw theserialisation graph for the schedule and determine whether it is
serialisable. For this part of the question assume thatmmo &b concurrency control
Is used. [15%]

(i)  Now assume that a concurrency control protocol is usedvhich each
operationQ.read must acquire a read lock Q.R on account Q and each operation
Q.write must acquire a write lock Q.W on account Q. Once acquiredhelis are

held until the transaction commits or aborts. Dravesource allocation graph for

this sequence of transactions immediately after actionb=urh5. [30%]

(i) Draw the correspondingwait-for-graph. State which transactions will
complete and the order in which they do so. Explain your neagp Comment
on the efficacy of the concurrency control protocol for tlusedule. [20%]

(c) What are the limitations of lock-based concurrency adntrethods? Outline an
alternative concurrency control protocol and explain inclhsituations it is likely to
outperform lock-based methods. [15%)]
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