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Write your answcrs in the Dl answer book for this paper.

1.

ll 17 10 14 8 13 6 4 15 7

(a) Use the bubble sorl algorithm to perlom ONE complete pass towards sorting these numbers
into ascending order.

(2)

The original list is now 1o bc sorted inlo dcsccnding order.

(b) I)se a quick sod to obtain the sorted list. giving tie state olthe list aficr each complere pass.
Yr:u must make vour pivots clcar.

(4)

The numbers are to be pacl<ed into bins ofsize 26

(c) Calculate a lower bound tbr the rnininrunr number of bins required
working.

You must show vour

{2)

(Total 8 marks)
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Figure I

Figure I represcnls ni.e buildings, A. B. c. D, E, F, G, H a,d I, recently hought by Nervbern,
Entelprises. Thc' company rvishes to connect the alam systems befq,een it1" t,uilairjt to fonn a
single nelwork. The number on each arc represents the cnst. in pounds. of connectirig the alarm
systelns betwcelt Lhe buildings.

(a) Use Prim's algorithrrr. slarting a1 A, to llnd tlre miuimum spanning tree for this networl. you
must list the arcs that lonn your tree in the order lhat you select thern.

(3)

(b) Statether.ninimumcostolconnectingthealarmsystemsintheninebuildings.

(t)

It is discovered that some alarm systems are already connected. There are connections along tsC
and EF, as shou'n in bold in Diagrarn I in the arrsu,er book. Since these already exist, it is decided
1o usc lhesc orcs rs p3n ol'thc spanning trec.

(c) (i.) tJseKruskalosalgorithmtofindthemininrumspanninglreethatincludesarcsBCandEF.
Younrustlistthearcsinthe orderthatyouconsidertlrenr. lneachcase.stateu,.hethervou
are adding the arc to your spanning tree.

(ii) Explain why Kruskal's algorithrn is a better choice than Prim's algorithrn in this casc.

(s)

Since arcs BC and EF alrcady exist, there is no cosl for tlrese connec[ions.

1d) Statc the nerv minimum cost ofconnecting the nire buildings.
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Figure 2 sl.r.ws tlre possihle allocations of six peopre, Beth (B), Charlie (c), Harry (H), Kararn (K),
Sarn (S) and Theresa (T), to six rasks I, 2. 3, 4. 5 ancl 6.

Figure 3 shor.vs an initial rnatching.

(a) Deline the rcrm 'matching,.

(2)

(b) Shfiing fronr the given initial matching. use the maximum matching algorithm to fi,d a,
::T::: 

rnarching you srrourd list the arrernating parh rhatyou use,"and*state tlre improvecr
matchrnc.

(3)

AfLer training, a possible allocation fur Harry is task 6, and an additional possible allocation forKarant is task 1.

(c) Starting f'rom rhe nratcrring tbund in (b). use the maximu,r rnalching argorithm to tind a

:l:oJ:l: 
matching. you shoutd tisr rtre alternating parh thar you ,... u; d;;;u, 

"o.pr.t.rnatch rn!.

Figure 2
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Figure 5

Figure 5 represents a netrvork ol roarls- Thc nunthcr on eaclt arc rellrcscrts 6e lcrtgrh. in kltr. of
rhe conrspohding rocd.

(a) usc Dijksrra s algorithln to find the shorlcsr.oute lrom s to T- stale your roure and its rcngrh.
(6)

Ihe road reprcsented b-v arc CE is now closed tbr repair.s.

(b) Fiid flr'o shodcst rcutes firrr S ro J rhat do not includc arc CE. State rhc length of thcseI routes

(ri

(Total 9 marks)5- (a)
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A linear programming problem in t ancl 'f is dcscribed as follorvs'

Minimise (l - 2x + \''
subject ttr

-1 -1' ) 500

5x+4I)4000

-Y 
( 2-t

v>x-250
x.Y)>-0

rrl .Arld lines and shading to l)iagram I in the ansrvcr llook to represent tllese constraints Hence

' 
derermin. the feesiblc region and labct it R (1)

(b)t]sepointtestingtodeterminethecxactcoordinatesoftheoptimalpoint.P.Younruslshow
your working.

The first constraint is char.rgcd to x + ! ) [ fot some value of k'

(c) Deterrninc the greatest value of t for which P is still the oplimal point'

ilP,ry)

(6)

(2)

(Total 12 marks'
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Figure 6

A proiect is modelled by the activity networlt shown in Figure 5. The activities are represented bv
the arcs. The number in brackets on eaclr arc gives the tinre, in days, to complete the activitv. Each
activity requires one worker. The projcct is to bc conrplctcd in the shorlest possible 1ime.

(a) Complete Diagram l in the answer book to show the early event times and late event titnes.
(4)

(b) Draw a cascade (Cantt) chat for this projcct on Crid I in the answer book.
(1)

(c) Use 1'our cascade chart to determine a lower bound for the numher ol workers needed to
complete the ptoject in the shortest possible time. You nrust makc specific reference to times
and activities.

(2)

The project is to be completed in the mininrurn time using as few workers as possible.

(d) Schedule the activities, using Grid 2 in the answer book.

(d)

a,iiri:i
:rltiril
,tltttll
l:irttli
:ttt,til
lrltlrtt
ririatil
1!ittttl
irittl:l
rlttttll

tl

ritl
llli

't:tlt
rtt
iti
:ia

lltilriltttll
llrl:lllilrili

i:ti

i;;i
itll
a:it

Ii""8 i;
:alilrel.a1.

.:,:li
:ill,l

i:

Di
irr::aa::tal

lr,tt';iii:l
lllilrrl:iil:l
iitlritt;ltil!
rrlri,,all::
il\lltllliilE m

F"
rff/fl, lttl

llil
lrtt
iir;
ittl
ttti
aa::
,li

al

itttlli
trttltt
t:tltat

ii;ttti
lri

g, '/,(l', ', '

i;l
t,1
iai
it:

a

i4 ut/t
:''iit

"li t

i i ,J; : ,l;',&', ii llD,l Li

I

t;
liltr

illi::'E 
l

Diagram I



Acharity produces mixed packs ofposters and flyers to send outto sponsors'

Pack A contains 40 posters and 20 flycrs.

Pack B contains 30 poslcrs artd 50 flycrs.

The charity uusl send out at least 15000 flyers.

The charitv wanls between 40oh and 60% o I the total pacl<s produced to be Pack As.

Posters cost t5p each and flyers cost lp cltch.

The charity u'ishes to mininrisc its costs.

Let-r representthe number of Pacli As produced, and I reprcsenl the nuurber ofPack Bs produced.

I ornlulate this es a linear progranrming problcnr- stating thc rrhjeclir e and lisring thc constrainls 3s

\ simplilied incqualiric: u ith integer cocfiicients.

\ You slrould not attenlpl to .ol\e the prohlcnr.
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