Answer four questions.

If you attenpt to answer nore than the required nunber of questions, the

mark awarded for the excess question (i.e. the one with the | owest nark)
wi |l be discarded



1 (a). By referring to the American Airlines seat reservation system of the
m d- 1960s, i.e. the SABRE system outline the synptons of the so-called
"software crisis' that led to the energence of software engineering as a

di sci pline. (4 marks)
(b). Wth the help of a diagram describe the classic 'waterfall' nodel of
software devel opment and list its nmerits and drawbacks.
(8 marks)
(c). Briefly explain what is neant by a software process inprovenent

nodel and list, together with brief descriptions, the five levels in the
Capability Maturity Mdel (CW).

(8
mar ks)

(d). By referring to the energency call handling systemof the London
Anbul ance Service that was operational for a short while in the early 1990s,
di scuss sone of the sinple | essons that can be |l earnt fromsuch attenpts to
build large software systens, even now, thirty years after the advent of
sof t war e engi neeri ng. (5 marks)

n



2 (a). G ve a checklist, together with brief descriptions, of the potentia
problenms or pitfalls for devel opers of natural |anguage requirenents documents,
i.e. the so-called 'seven sins of the specifier'.

(7 marks)

Identify any such problens in the follow ng extract froma natura
| anguage requirenents docunment for a mail-order shopping system
(4 marks)

The Bi gwood mmi | -order conpany will only accept custoner orders by surface
mail on standard forns issued with the home shoppi ng catal ogue. Al orders nust
be acconpani ed by paynent in full. The conpany does not have the staff to handle
t el ephone orders, although it will accept faxed orders if they too are on the
standard forms and are acconpani ed by credit card paynent details. The conpany
realises that it urgently needs to consider accepting orders fromthe |nternet,
if it istoretainits share of the home shopping market. Wen orders are
received, a product file is queried to determ ne whether there is sufficient
level of stock to satisfy the order. If the stock level of any itemis
insufficient, or nerely deened to be rather low, further supplies are to be
reordered fromthe supplier. Wien an order has been priced and validated, it is
assigned a unique fifteen character order code and stored in an order file.

After paynent has been cleared, a paynent confirmation flag is set and the
actual goods are sent to the custoner. At any tinme the manager can request a
report of orders nmade, but the default situation is to generate such a report
automatically every few weeks.

(b). The acconpanying diagramis intended to be a data fl ow di agram ( DFD)
illustrating the requirenents of the sinplified nail-order systemas described
in part (a). The DFD contains a nunber of errors and other undesirabl e aspects
whi ch shoul d be listed and expl ai ned.

(6 marks)

Use the given diagramto produce a context diagramand a first |evel
deconposi tion diagram both of which should be free of the problens you have
just listed. Note that you should not extend the functionality of the system

(8 marks)



3 (a). OBJ is a language for witing al gebraic specifications, by neans of
equat i ons.

(i). Explain the process of "termrewiting by which expressions may be
eval uated in OBJ. (2
mar ks)

The following is an inconplete OBJ specification of a sinplified systemto
nonitor the level of sone liquid chenmical in a storage tank. The operator enpty
creates an enpty tank. The operator add enables a given quantity of the
chenmical, specified as a natural nunber, to be added to the tank. The operator
use enabl es a given quantity to be taken fromthe tank. Operator |evel ? returns
the quantity of liquid in the tank, max is the maxi num capacity of the tank and
full? returns "true' if the tank is full to capacity and 'fal se' otherw se.

Moni t or Tank

OBJ Tank

SORTS t ank

oPS
enpty ->tank *** create enpty tank ***
add : nat tank -> tank *** add to tank *kx
use . nat tank -> tank *** use fromtank * ok ok
| evel ? : tank -> nat *** how nmuch in tank? ***
nax : -> nat *** tank capacity *oxk
full? : tank -> BOOL *** js tank full? * ok x

VARS
t : tank
g : nat

EQNS
( max = 50 )
( full?2(t ) = level?( t ) == max )
***  SOVE EQUATI ONS M SSI NG FROM HERE  ***

JBO.

G ve the mssing equations appropriate for specifying each of the
fol | owi ng:

(ii). the level of the enpty tank

(1 mark)
(iii). the level after adding quantity q;
(3 marks)
(iv). the level after using quantity q.
(3 marks)
Note that it is not pernmitted to fill the tank beyond its maxi mum

capacity, nor to use nore chemical than is in the tank

(v). Illustrate the "termrewiting" process by giving the steps in the
eval uation of the follow ng expression
(4 marks)

ful | ?2(use(30, add(50, enpty)))

Question continues



3 (b). In the context of the VDM approach to fornmal software specification
explain what is nmeant by:

(i). a pre-condition; (1 mark)
(ii). a post-condition; (1 mark)
(iii). a data state invariant.

(1 mark)

Consider a sinplified nodel in VDM of an estate agent's information
system recording addresses of properties and whether they are currently for
sal e, under offer or sold. An appropriate abstract type Address is assuned and
need not be further defined here. The state of the system consists of three
conponents: for-sale, which is the set of addresses currently registered with
the estate agent as avail able for purchase; under-offer, which is the set of
addresses for which an offer of purchase has been nade; and sold, which is the
set of addresses for which a sale has been conpleted. It can be assuned that any
given address is in, at nost, one of the three sets at any point in tine. In
addition, all sets can be considered to have been initialised as enpty.

for-sal e . set of Address
under-offer : set of Address
sol d . set of Address

(iv). Provide the data state invariant for this situation
(2 marks)

Construct inplicit specifications in the VDM notation for the followi ng two
oper ati ons:

(v). MAKE-OFFER( a : Address )

Provided address a is currently registered as avail able for purchase, this
operation changes the state, recording a as now under offer
(3 marks)

(vi). ENQURE ( a : Address ) r : Status

This operation delivers as its result r, reporting the appropriate status of
address a. The type Status is defined as:

Status = { FOR SALE, UNDER- OFFER, SOLD,
ADDRESS- NOT- KNOM }.
(4 marks)



4 (a). Li st the possible types of nodul e cohesion giving a brief
description of each and show how they forma qualitative cohesion spectrum
(8 marks)

State, with reasons, the type of cohesion which best describes each of the
follow ng two nmodul es given in outline:
(4 marks)

(i). Modul e SHUT- DOAN PLANT()
Turn off heating supply;
G ose input val ves;
Send alert to chief operator's consolg;
Send di agnostics to fault | og;

(ii). Modul e CREDI T- CARD- SERVI CES(in CUSTOVER-I D, in FLAG
Retrieve customer details using CUSTOVER- | D;
case

when FLAG=1: change credit limt;
when FLAG=2: cancel card;
when FLAG=3: send new card;

end case;
(b). Qutline the underlying rationale and principles of the Jackson
Structured Programm ng (JSP) approach to software design
(2 marks)

Explain the term'structure clash' in the context of JSP
(2 marks)

A conputer systens manager decides to nonitor the tine spent at termnals
by staff in the organisation. The LOG N and LOGOUT commands are nodified, so
that information in the fol |l owi ng order

DATE TIME TERMNAL-ID USER-ID COMVAND

is appended as a single nonitoring record at the end of a systemfile
whenever a conmand of type LOG N or LOGOUT is perforned. This file is to be used
periodically as input to a systemutility which will produce as output a list of
term nal session records in chronol ogical starting order, i.e. ordered by LOA N
date and tinme. A termnal session is the period a user spends |ogged-in at a
terminal and a terminal session record should contain the foll owi ng sequence of
i nformation:

USER- 1D LOGd N-DATE LOA N-TIME TERM NAL-ID SESSI ON- DURATI ON

Draw JSP diagrans to represent the input and output structures for this
situation.
(7
mar ks)

Expl ain why these give rise to a structure clash and, in general terns,
suggest a sinple way of overcomng this problem
(2 marks)



5 (a). In the context of software testing, explain what is neant by the
foll owi ng terns:
(i). atest frame in the category-partition approach

(2 marks)
(ii). conponent coverage;
(1 mark)
(iii). an equival ent nutant.
(1 mark)
(b). A program P takes two integers a and b as input. A test

specification in the Test Specification Language (TSL) is initially devel oped as
fol | ows.

VALUE- OF- a:
bel ow zero
equal s-zero
above-zero
VALUE- OF- b:
bel ow zero
equal s-zero
above-zero
COWPARI NG
a-equal s-b
a- not - equal s-b

(i). Enunerate all test frames and determ ne which ones are valid.

(9 marks)

(ii). Hence determ ne a succinct characterisation of the valid conbinations.
Your characterisation need not be in the TSL notation.

(2 marks)
(c). Consi der the follow ng inplenmentation of programP, given in
pseudocode.
1 I NPUT a, b;
2 x =0, vy =0;
3 IF( a>0)
4 THEN x = (x+1)*a;
5 ENDI F;
6 IF( NOT ( b ==a))
7 THEN y = (y-1)*b;
8 ENDI F;
9 QUTPUT x, v;
(i). Draw a flowgraph of programP.
(2 marks)
Hence list a mninmal set of paths to achieve each of the follow ng:
(ii1). conplete coverage of all nodes, i.e. TERL=1;
(1 mark)
(iii). conpl ete coverage of all edges, i.e. TER2=1;
(2 marks)
(iv). conplete coverage of all paths.
(2 marks)

(v). Explain why conplete path coverage is not normally possible for nost
pr ogr ans. (1 mark)

(vi). What can be deduced about the nutant version of P forned by replacing the
condition IF ( a>=0) online 3 by IF ( a>0)? Explain your reasoning.
(2 marks)






