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NATIO NAL U~I\!ERSITY OF SCIENCE Al\ D TECHI\OLOGY 
SBA2204 

FACULTY OF APPLIED SCIEKCES 

DEPARTMENT OF STATISTICS AND OPERATIONS RESEARCH 

SBA2204: STOCHASTIC OPTilVIISATIO N 

\lARCH 2025: EXAi\II~ATIO~ 

Time : 3 hours 

Candidates should attempt ALL questions fron1 Section A (40 n1a rks) a nd ANY THREE 
questions from Section B (20 ntarks each) . 

SECTION A 

Answ e r ALL questions in this section (40 Marks) 

Al. (a) Define a stochastic process and explain its significance in optin1ization. [6] 

(b) Different iate between d i cret.e-t irne and cont inuous-tin1e J\ Ia rl<:o\· ch ain . [6] 

(c) Describe the key steps involved in conducting a l\ Ionte Carlo simulation . [6] 

( cl ) E xpla in t he concept of a randorn walk and its application in fi na ncia lrnodelling [6] 

A2. A ~VIarkov chain has three states: X ) Y : and Z. The transit ion probabilities are as 
follovvs: 

)( -t )/ : 0. 5, 

y -t )( : 0.-!. 

Z -t X : 0.1. 

X -7 Z : 0.5 

y -7 z : 0.6 

z -7 y : 0. 9 

(a) \\~hat is tneaut by teady-state d istri bution in a 1 Ia rkov cha in [4] 

(b) Detern1ine whether this systern will reach a steady-state distribut ion and ca lculat e 
t he probability of transit ioning fron1 X to Z via Y. [12] 
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SECTION B 

Answer any THREE quest ions in this sect ion (60 l\!Iarks) 

B3. A logist ics con1pany models its delivery process using a .:vrarkov Chain \\'ith t he 
following transit io11 probabilities between states: On-Tirne, Delayed, and Lost. 

• On-Tirne to Delayed : 0.3 

• On-Time to Lo ·t : 0.1 

• Dclaved to On-Tin1e: 0.5 .. 

• De laved to Lo · t : 0.2 
~ 

• Lost to On-Tirne: 0.4 

• Lost to Delayed: 0.6 • 

(a) Identify the states and represent the transitions in a state diagran1. [4] 
(b) Construct the transit ion probability 1natrix for the systen1? (8) 

(c) Detern1ine if there are any absorbing states or recurrent patterns and discuss the 
i111 plication~ for the logistic~ proces~ . [ ] 

B4. A tech startup is using Stochastic Grad ient Descent (SGD) to optin1ize the perfon11ance 
of its recon11n endation algorithrn. The dataset contai n~ 50 ,000 user interaction~ . 

(a) Outline t he process of irnplen1enting SGD, highlighting the roles of the learning 
rat c and batch ·ize. [1 0] 

(b) Discuss one con1mon issue faced when using SGD and propose 
method. 

a mitigation 
[7] 

(c) \! an1e and briefly describe three opti1uization algorithrns that are variants of 
SGD. [3) 

B5. A financial analy~t want~ to a~~e~s the risk of a nev" investrnent portfolio using ~1ont.e 

C'arlo ~imulation . The following are key variables. 

• Annual return: Norn1alh· distri buted with a mean of 8% and a standard dc\·iation 
< 

of 3%. 

• I\ I arket volat iliLv: Uniform distribution between 10% and 20%. 
~ 

• Econon1ic downturn probabili ty: 20%, causing a potential loss of 15% of the 
portfolio Yalue. 

(a) Describe how the analyst should set up and conduct the 1Ionte Carlo 
·inltdation. (12) 

(b) Explain ho\Y the results of this sin1ulation can aid in n1aking informed investn1ent 
dec isions. [8] 
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B6. A far n1er u c. stochastic dynan1ic progran1n1ing to decide crop plant ing under 
uncertain rainfall. The ::;tate · are Dn·. I\'Ioderate. and \1\.et. \Yith t ran::;ition 

~ ' 

probabilit ies as follows: 

Dry -t Dry (0.7L ~Ioderate (0 .2), \1\ et (0 .1 ) 
lVIoclerate -t Dry ( 0.4), lVIoderat e ( 0 .-!) \i\ ret ( 0. 2) 
\~et -t Dry (0.2), i'vloderate (0.3), \i\'et (0.5) 

(a) \i\fhat i::; the type of this chain : explain your an::;wer. (5] 
(b) Present the transition probabilities in a tran. ition probability n1atrix. [3] 
(c) Identify the co1nponents of J\'Iarkov Chain based on the infonnation above. [7] 
(d) Discuss hovv this tuodel helps the fanner tniLigate clitnate ri k.. [5] 

END OF QUESTION PAPER 
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