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Problern 1 (|ob Sequencing) (1û marks)

Consider the case of sequencing îz jobs on a single machine. T'he processing time for job 7 is f;
anci its due ciate is dj Completing job j ahead of its due date incurs a holding
(storage) cost hi per day. Â taldv i"b jrestilts rnzpenilry cosr pi per day. The foliowingtable
pror,.ides the data fbr a S-joi: problem.

Table 1 - Data lor a sirgle-machine 5-job seguencing pr:obiem.
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We utilize the algor-ithm described J:elorv to soh,e the 5-job sequencirrg probiern.

Step û
(^) Encode chromosomes using a nurneric r:epfesentationl.
(b) Generate a random population X of N ieasible chromosomes (Âl - 4).
(") F.ol each chromosome P, in the considerecl poptilation, evaluâte its titness value (see

the clescription below) - record P*" as the best avatfable solution.
Step X

(4 Select two parent chromosomes trom population X.
(b) Crossover the parents'genes to create trvo clrjldren (see the description beloiv).
(c) À{utate the children's genes randomly (see tire clescription belorv).
(d) lf the resulting solutions are infeasible, repeat Step l until feasibiliry is a-chieved; else,

replace the rvealiest t\îio parents rvith the nerv children to forrn a new popuiation X
and update P". Go to Step 2.

'A clrromosome is a sequence of 5 numbeis slected from the set {1,2,3,4,5}.
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Step 2 If a terrnination condition has been reached, stop; return P* as the best available

solution; else, repeat Step L.

1,. To showhorv children are created, considerparent chromosomes P1 - 1-3 -S -Z-4
andP2 - 5 - 4- Z - 3 - L. Suppose thatarandom 1-pointcrossoveroccurs atgene3.The
first nvo genes of children Cl and C2 arc constructed by swapping the fust two genes of P1 and

P2. The last three genes are the ones remaining from P1 and P2 after exduding the fust two
genes, e.9.,

First wo genes of Ct: 5 - 4.

First trvo genes of C2: L * 3.

Last three genes of C1 = {1,3,5,2,4} - t5,4} - 1" - 3 - 2.

Last three genes of C2: {5,4,2,3,L} - {1,3} : 5 * 4 - 2.

Thus, Cl - 5 * 4 * 7 - 3 - 2 andC2- 1 - 3 - 5 - 4 *2.

Next, mutations of C1 and C2 are carried out in the following firaflfler: If a random number

R < Û.L, a child chromosome is subject to mutation. Â mutation is then implemented for the

child by sr.vapping two randomly selected genes. For example, the random numbers R =
0.8452 and R : A.0342 applied to C1 and C2, respectively, indicate that only C, is mutated.

Randomly choosing P : 1 ffid q = 5; thus, C2 is mutated from 1, - 3- 5 - 4 - 2 to 2 -
3*5-4*1,.

FinattR how the fitness value of a chromosome is estimated could be summarized belor.v.
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fi= (1 5 + 4+0+ 0+ 0) + (0+ 0 + 1 40+ 8+ 345) = ltt.

Questionr fterate the previous algorithm three times, and then give the value of P* witli its fitness

vaiue.
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Pn=3-2*1-4-5 Lt15

C,: >-5- q- 4-2, 53 L-tr (p,q): (2,5)
C? = b -^-3 -2--T 3ê+ (p,q) - (1,5)

1,

P., - 4 *1-- ')- q.T 5aL

P3 and P1

P?- 3-5-q-4-9- 53+
P" - c"-4 -'b - t- q vL+
Po - 3 -2-4 _-q -5 r-{15
C., : 1-3-q -t- L\ 34r_l (p,q) - (2,3)

c, = 4- 5-3- t-L\ 3dn (p,q) - (2,4)

2

P1*5-b-4-1^L\ 34r{

P1 and Pa

Pt:4 -t:-3-l-t\ 36t
P^- 5-4-3 - L-r-\ b ['+
pa= Z-fl-_tt _ r-l_5 q13
G:â,-3-5-4-q 3 t-u (p,q) - (L,2)
C? : 5 -b- )-- 4- L\ 1?-&, No mutation

3

P.,: ç') -3- 4-t- q 34 Lt

Pa and P2

Pz = 
^8:b 

- 2-- q 3(^
P,- 9.-3*b -'t-.\ 3Lui
P+:b-3-L'r'-u\ Qqa

C,:b-3:.4-L*q 34 L\ No mutation

c? - A- 3-3-L- q 3 L,4 No mutation
9- -11 Z ( Èx ): {{2--

Problem 2 (Time complexity) (5 matks)
-\ * L- -l-
I'J = 

-)-J

The merge sofi is one of the most popular sorring algorithms based on the principle of divide and
conquer. FIere, a problem is divided into multiple sub-problems. Then, each one is solved
individually. Finally, sub-problems are combined to form the frnal solution.
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Using the dir,,icie and conquer: techniciue) we ciirride a prob,lerrr into subprobiems.'Ihen, rvhen the
soiution to each subpiobiem is ready, rve comi:ine tire results from the subptoblems to solve dre

nrain probiein. For example, suppose rve irad to sort 
^{7 

afi:ay,4. Tiren, a subproblem rvould be to

sort a sub-section of this aïralr starting at index 7t and ending at index r, denoted as Alp ...r].
1,. Dioride: If q is the halfr.vay point between l) and?', tlren we can split the sr-rbarray Alp ...r] into

two alrâys AW ,.. q] and ALq + 1 ...r1.
2. Conquer: In the conquer step, we tïy to sort the subarays Alp ...q] and Alq + 1...r1.If r'"'e

har.en'i yet reached the base case, ure again dirride these subarrays and uy to sort therrr.

3. Coi-nbine: §i/iren the conquer step reacires the base stâE1e, and we get two sorted

subarravs Al-p ...qf and ALq + L .."r1for a.-::a1, Aip ...r], r.ve combine the resr:lts bv creating a

sorted 
^îràSr 

Alp ,."r] from trvo sorted subarial,s Alp ...q] *nd ALq + L ...r1.

Question: colrlpute the time complexr.tv of the lnerge sort aigorithm.

Froblem 3 (Theoretical concepts on metaheur{stics) (5 marks)

It is er.ident from the broader spectnlm of successful appiicaüons that metaheuristic algorithms

âie pCIteûdal soiutions to challengng optirnization prolriems. Among such algorithms al'e swarm-
based methocls like particle srvarm optimizarion and ant coionv optimization, rvhich increasingiy
atffâct flew researchers. Holerrer, despite rheir popi-riarit,v, the core qr-restions on perfor:mânce

issues are sti1l partially ansrvered dr-re to liilrterl insightfr,ri anaiyss5. Exploration and exploitation
are two fighting ingredients that al-l r,retaireuristics share. Due to the stochastic nature of the

sr,.rarming process of udividu'als, it is often hard to matirematically c1uandfi, these components.
Explain the relationsitp between the expior:alion and expioitation phases and theirpronrinent roles

according to your vision.
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