Roll No.:

CS781 In-class Evaluation 2 (Autumn 2025)

Max marks: 10 Duration: 10 mins

You are required to answer each question only in the sheet provided to you.

Only material written in the sheet will be graded.

The exam is open book and notes. However, you are not allowed to consult others for your answers.

Be brief, complete and stick to what has been asked.

Unless asked for explicitly, you may cite results/proofs covered in class without reproducing them.

o If you need to make any assumptions, state them clearly.

e Do not copy solutions from others. Penalty for offenders: FR grade.

The interaction of an environment with a reinforcement learning agent that has learnt a deterministic strategy,
can often be described as a Markov chain. Consider such a Markov chain with 5 states {s1, so, s3, S4, S5}, but
with an unknown transition matrix M. Suppose the interaction modeled by the Markov Chain is being
monitored by a frequentist monitor. Every time the Markov chain reaches a state s;, the monitor observes an

event 1.
Now consider the following sequence of observations of the monitor, where repeats are denoted in paren-

theses (e.g., 1(5) 2 3(2) denotes the sequence 111112 3 3)

12(3) 1(2) 2(2) 3(2) 4 2 3(3) 2(3) 5 4(3) 2 5(2) 1(3) 5(2 )234(3}25( ) 1(4) 2 3(3) 2(2) 3

Let M; ; denote the probability of the Markov chain transitioning to state s; from state s;.

For each of the following transition probability matrix entries or functions of such entries, give the 90%
confidence interval from the sequence given above. Thus, when estimating M; ;, you must give an interval
[l@j,U@j] such that Pl’(lz‘J’ < Miﬂ' < um) >0.9

1. [3 marks] My

2. [3 marks] M1+ M3

3. [} marks] Mas x Mys.

By Hoe (fdima’s o4/ ‘:W M~ 9, exp (-z1,

R[Ip- ol se] 2 ! (b-o)

S I we work o w“fw inbenel @
e meed 57 zerp(CZER).

> ey -2/ (% >7<—-—

Fox motahenal tonvemionce, (ot ws use E(b-an8) o o shoctlomd fox

(b*)‘\/iw (%)




@De{fw\e Y4.,4 A O Awpun-wojc&ot Mo'Lrv-A\/ows ‘WA wwean
M44 o descrbed wr dire Mow&ov‘vﬂ ALa,omHch Facymess

FO‘FU\ b N Z6 e

© wWe have e {olL Leo eince o_} b corvadioms (200 "mw ouw&)
.. 2242 ...5 4442---- 24442 -~

Y SR N

. ®) ol o
44 o I 10 L\ O
V(Y“'r&): 4-7 b ok (b" \ -, b"’&; \
Lower bowek = &= o v ouwnoN = = T
fo a0°|. WC’Q,WQ need S s 0|, omd hence Hre
paqd. inberrelu [4? _EQ,T oD 47 + BT o.l)}
-7 —> -

@ ‘De_,{.“,‘,\g Y\" ,Yz,z P Y”_\,z, os dHre }&ke,\tomx oo mences og
L..al. '(QW\A.UVV\ Vot wadh meoams Mh\ » MZ/’_" Xi" M|,|'\_M2,
?-\.u?u/\weﬁ»-d

We hove $we fou. Aeay . °§ Y’eLe,\roka obhseswvaions -

| 2 -~ V2 - 56 |l 5. - -~ 555!!\\2_,_,___,
? | [ b Py
S e V1o Vil

L z22 | 22 342233 2225--—- 425 522~~-49,5 12322222
» | . ] \ { é)\\ “' l| ( : l‘ \

\ \ O & ¢ ' | ‘ o

© o \ o | 5 1

.‘—YT,\-‘-Q-,S Ob\—aivxzo( b-A mvxc{oo»uivﬂn 10 elements of '—ﬁ,‘ I ?:—'3'

Yu: L, O | | o 1110

Ym:oooo\\oooo N
~> . v )-
Yiiras® o 1 2 Lo h H(Y"‘*m T

Alces, we hove lopen bouwd = =0 ; upper ]oowa( L-, 2
s b-oz 2

Fov 40°/, confidence, veqd- imderwl = L%_E@_,\0,0-I) , %_+E(2,\o,o-|§)
D

D)



@ FOY <\"MA %Mk, 'V\D‘\'Q M wWe quCt wse W\rﬂ&. .d/\#f-\-wsﬁ
4’0 enlune __;’V\AQ«‘PWMC—& °f \’MADW\ vala.‘bke&‘_)w Yhe
Sequence YLB‘”A &m“‘w‘%m'gawﬁ“&'Yis

hh_hmm.am %UnLuwt%-ﬂmumi obtosvations

.. 5272 ---425_..\ 2222222
\z22 1] 22 342233 7—?7;‘?’"—-47'? 5 '3 4 \ : B
v ‘ ] i .I' ] :. \l ‘] ', :‘ ) \l \
hy o2 ol ‘.\ 202 o i e i ol
- L /: o | ‘. , \‘ s '. |
Yus: opo oo 2 ©od i b6 L 6 eb

TM,wwhm@Mﬂ.euMumkyarﬂ&dfLz&dbucﬁkkéﬂmed.

&gt -

ﬁ_ﬁw?mij£b4¥ulswwumuu q&ﬁwhf-vabW\WMs:
. 1
Y . O O 1 (o] o | 1l

23 3

. o o © O 11 ©Of

Yos \
¢, .0 o ©o o Ol o

22X 15 «

N \ looen o =o=0

o f)“ L\(z.zxM') = —’7 A Upp e boverd = b =\

- pooe=|

B . | \)—F’O")
For ‘70% cgmf—t&e.v\ce, ﬁfep‘rA- (,,,A—e,\qu,= [jf,_ E(u,‘,t,o l) , ?F-—\- E( ‘l



