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COMP310

DEPARTMENT : Computer Science

’&’d UNIVERSITY OF

&7 LIVERPOOL

REVISION EXAMINATIONS

Multiagent Systems

TIME ALLOWED : Two and a Half Hours

INSTRUCTIONS TO CANDIDATES

This is a mock paper containing four questions - solutions are available.

If you attempt to answer more questions than the required number of questions (in any section),
the marks awarded for the excess questions answered will be discarded (starting with your

lowest mark).
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1. In the following linear sequential pairwise elections, candidates are shown, and the out-
comes (i.e. the candidate that would win a pairwise election) is given, where Q = {w,, wy, We, wq }:

{Wa,wp} — wa
{Wa, we} — we
{Wa,wa} — wa
{wp,we} — wy
{wb, wd} — Wy
{we,wa} — we

(a) Draw the majority graph that would represent these outcomes. (3 marks)
Gy ¢ e
2 >
DV
@y wd

(b) Give an agenda that would result in the outcome w, in a linear pairwise election, if
such an agenda exists. If not, explain why. (3 marks)

(Wb , e, w,,L, Wa.)

wL vs CJO
e d C«)b vs ek
-_ (.\Jl vs o
—7 a

(c) Give an agenda that would result in the outcome w, in a linear pairwise election, if
such an agenda exists. If not, explain why. (3 marks)

(oo e, cO o))

Con ve I
-2 wo vs e
-2 J, vsedd
- W,

(d) Define a condorcet winner. Is there a condorcet winner in this linear sequential pair-
wise election? If so, what is it and why? If not, why not? (4 marks)

ﬂ cond ot womne~ oo Be winrer~ pf o /&/w/" %w%@ /oaf/“wg},c,
e bckirn fwrv oA ,awf%/ a.gowﬂ(pus.

I~ e obpre ma(—jafnlg, ﬁ’f’afafﬁ/ Hee o po o—vem./&— w:,mg»—; a«\zﬁ»
s no condorats comner~
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(e) If you wanted to change this setting so that w, was a condorcet winner, what one
pairwise election would you change, and why? (2 marks)

e

S\

If‘ te ovteove e painaice zLa&aﬂ:'f .

(om0 ) oo s,on& e
m()avfz ﬂm/wfv olown o 2 . N
e M’wdﬂy"caaoéla/é@ can beot ey “%b wd

(f) The Gibbard-Satterthwaite Theorem seems to be a very negative result in social choice
theory. Explain what you understand by the Gibbard-Satterthwaite Theorem and its

implications, and explain the implications of computational complexity with respect
(5 marks)

to this result.
The poreto /rg/)z/'é(j [W/p«béz Wje_lg}w) péa;@ Blode o sutoore s
g et o &éﬂ\z,cw-e/m;“e/ Jaﬁ/’ renhs ovleoma
e [

Pore

éfrce .
W’ ovet oo, el to; enll &W/o,yé” o o Mo ‘w; ‘
Tl Cf[,[q;—oe'- gm‘ﬁ‘e/ﬂ«/uc:ée W M m[ﬂ AMWWMA_ ,/gé,,_a
el ke salisfes ga Breto condibin & o dickatorshp.

H e bdes At mopditen o poglll o pricy [ Lot
Wwy\;oﬁw? . :AW bo adieced /am.jzcﬂ—, wkjwléo: m/ﬂ/%
. /"l{;agorzwz%h}u_ p con 07‘«{’,“4 cesends s e fﬂe/Wchﬁ/ 9
W&lﬁp af- slo stle— oters p»?ﬁwucm, & Wﬁ“’f“wﬁ ovteome. .
(g) Arrow’s theorem is a fundamental impossibility result in social choice theory. Explain
what you understand by Arrow’s theorem, and its implications. (5 marks)

TN theoren shpler Ak Lol wth e Han two cond s 4,
(o bl Atternakives bon s o p@;a{:wtov‘g/»/). \
The [rmltfmo@wce, ('V‘%ZM/MIQHMVMJA:/@/) [/@ Mmfw; sk»(w fla,/%&lwmj

Asow mst M, v~ f/vﬂl OUM#a rfoh:u.j ?aﬂ«l.j/ an ovlromae (o e
peefered, sve~ "’J\ (:'z, cos &)0) . "
If somte ol Hut prefers . over e Ylan chon R4 mfe/‘wz.w/ Lot on su

& o that W"f:s/ ﬂ over o] a'e‘ti» ~e ce_mvzw%/ohdﬁlr‘avf‘ww.;
some , Hor 1A stoter Viut ‘tﬁn Ql\,a-u[ & cg,é ﬁef'n,al ov‘éwu—

ﬁv; re/su/lL m o /\LJJ&:‘L“VL msu/ll; 73} A g/&.;@; 'Ciw\:é ./afz;xﬂ }or@wﬁ/rw o2
]ﬂ[a,waa[—a ,WMMMWMMQMW/%%
Sokisfy qood " conditions !

PAPER CODE COMP310 page 3 of 9 Continued



&’ UNIVERSITY OF

&/ LIVERPOOL

2. In Searle’s theory of Speech Acts, a speech act consists of two components, a performative
verb and propositional content. Briefly explain what the following two KQML expressions

mean:

(a) (ask-if
:sender A
:receiver B
:language OWL
:ontology pizza

:reply-with gl
:content ( (margherita isa Pizza)
(margherita hasTopping mozzarella) )

)

n (4marks)
Tl w}éwe/ " push - oes Blo guastro~ [f*owx_ @aw,w@@
%ﬁfi; v Thal ﬁVz—Jiwmtmﬁ;w&zﬁ'ﬂQc&% ?Lu&
oA awuu[ ﬂmafauwdﬁhoTLAf_AM>/wazzaﬁamz-ow‘a.ﬁ%fntﬂ,

(b) (tell
:sender A
:receiver B
:language OWL
:ontology pizza

:reply-with gl
:content (not (hawaiian isa ItalianPizza))

(41narks)

./\rt«)ét‘ve, //%zd f@”; OLM B ﬁw[’fﬁb péés-% AMJMbM >
""{e bolows 4‘- /{’a[lat/b PE—ZW

Note That both guestoms doll éze_aé’ﬂ« o (Jgﬂ%
bk d/;%fw 7”“,@ M‘&ij{,wﬂéwwo@»aﬁe,
W A colll WM/)WJ/MJM@@/*%%"’W
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The Java Agent Development Environment provides a software framework to support the
development of agents, whereby each agent is created in a threaded object known as a
container. Each container is registered with the main container, which provides various
services, including the Agent Management System and the Directory Facilitator.

(c) Brieﬂy describe the role of the Agent Management System. (4 marks)
{lu)., c,m«/é»’“%«('/’ oo cre a)&; a/\dg, p@vaA
Lp-za_,{'c,b‘vv #/M o5 We,a, o a;;pmf’ G nane.

oL Ao%ﬂmﬁ«%@@,azﬁfpajﬁ/w ‘
W\_O(.o\-/> c:zra(b Md@;m%&ﬁ%é@fv\/nd uff’ég_,t/{uj

(B nand o T a,Ga mj/ongw%foWo@uﬁvijﬂ Aﬁ,@\)‘%

(d) Brleﬂy describe the role of the Directory Facilitator. (4 marks)
] - bese A OQ./cho—Vo/“ Wuzc_z, L aﬂow 5
T provedes o g2 ? ) wlow agen
to Locate /ﬂw/v ou?w w o rvices ﬁ”zTV‘

It is often useful to distinguish ontologies based on their role (i.e. how they are going to be
used). Briefly describe the role of each of the following:

(e) Upper Ontology (3 marks)

A oo o 4&% covdonins com m;e e Wﬂ jw,w(ﬁ

O W‘a/(/ con S (e_ —[{\, M M oz meuv\_
Zu-gfsz‘::l(_ o(»mua‘:ﬂ/EO/aé&A- ,0)40/~ a'wfo[ojur_s a:;& USLDK o ;(ﬁ’)m"f saM,M{‘Lc/
W‘-"FW'D/D%L /g él-b'h"’-b oro w~ O/Uéd(oj (¥

(f) Domain Ontology 3 marks)

')o/v['oj’ the cworld. f o neds ca.[ DbMM aw'ﬁ’[aﬁ cold. dyseihe
con /"b/é/é /\,d ) ﬂA.LDL\-WU[/ famgﬂ

(2) Application Ontology R (3 marks)
&W 5.,\,{—0 af’g,fm,s (A cow-a_/é} ar,cl é o gpeche 77)[‘}4(,\,%/
Lw[dﬂ'ﬂ on '6('-& /;(ajérwj prays o@aww nﬁfagﬂ
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3. In the context of cooperative games, consider the following marginal contribution net:

aNc— 8
bA—-a—5
cN\—-a— 2
c— 5
bA—-c—3
d—9

dANc— 4

Rule 1
Rule 2
Rule 3
Rule 4
Rule 5
Rule 6
Rule 7

Let v be the characteristic function defined by these rules. Give the values of the following,
and in each case, justify your answer with respect to the rule or rules of the above marginal

contribution I:/et(\:l.fe. o dodoco Wﬂ% M@,{-M"C fﬁwfi be YZ¢)
a) v({2})
No ~olen a‘ff‘ﬁ a/\ﬁz WQ )/{f) =0

b) v({a,c})

Thes ma)éVKM /*ué ( w«l f'r/é &

r/{w/%) = §+5 -

c) v({b,c,d})

‘ﬂ'&s Mﬂéﬁ(ﬂ/ﬁ /*ué/f 9\,/2)4/5”\0@ f‘d&,7
}’/ib/%fﬂi) = St LtS5+9+4 =25

d) v({b,c})

“ﬂ.,.,s Majéﬂ{g/s /"ULS J\ 3 a/v»J~ f"t/ZL (1“
r(eh,ey) = Sed+§ =la

e) v({a,b,c,d})

meﬂéﬂ(ﬂzﬁ olos //4&)6 wd ol 7
Y/fuﬁ)l’/‘f&): g+ = 256
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The following figure shows an induced sub-graph for a coalition game with agents Ag =

{a,b,c}.
OO

8

(f) Compute the Shapley values for the agents a, b, and c. You should show the relevant
steps in your answer that are used to derive the answer. (9 marks, 3 for each agent)

The va.éza/ ﬁ.//L 2 a&,iéa/-’M é
(/ét\ %&’é "M fwajoéww/a:zij/é Yo alve 7/;2;%_

60(«% botwzon o5 t2d P/ L and mM‘étvf{j arcedr
to treat cocle zj[% s o se/},ﬁwzué& j’ouvw/.

Tle 94\1;/7(/93 [/a_ZJL //\g/\— g/uéjwazl)lvx vt o ijév; con beo

&Z/":ve/d( Mjﬁ) (N
(P; = % Z )4/(" ]‘
it

A
¢ &
\1 |
N
PNIREN
4 -+
NI
1 il
WP
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4. Twenty three friends make plans to go to see a movie, and decide to use a Social Choice
Function to decide on a genre. Each friend can be considered as an agent, such that we
have n = 23 agents. The set of outcomes can be defined as

Q) = {action, romance, comedy, drama, horror}

The preference schedule is shown below, and states how many votes are given for each
preference order:

Votes 4 7 3 9
First Choice action | romance | comedy | drama
Second Choice | drama drama action horror
Third Choice | comedy | horror drama action
Forth Choice | romance | action horror | romance
Fifth Choice horror | comedy | romance | comedy

Given this preference schedule, calculate the winner (and in each case show the working)
using:

a) Plurality votin 2 marks)
e 5}:‘1‘4. gg /L'l[ ﬁz /’Wméeyvaj’ \/mfzS M //«,ce/ anr~ ovicome

os /&“s/g L. ﬂw; we howe

action: ¢ (/m‘M

romonce 1 7 yotes ? .
wawnu;o@j: 3 vofen Sl eLs
dorznna § vo tos

horeor : O voteo
b) Alternative vote (5 marks)

Tﬂﬂmw toe roweéQ wvnovz\/ﬂ&; wb@mf'mm/{,
dj“w/oh /vm//wL— ﬁ%ow%ame/wﬂﬂv 7‘1.2/ WWMLAV’&I{"
o e/(imw«\a/(tj/) V’LIL‘[ w M"’L 725" Wt—&@“’l.ﬁ/ 0\/«.%\. (>N M)@féz‘

ot B o
> |4 o [z oo el it IWW

Cf—-t-} - ZE(Z’L‘A 2_ we é,/wvw,a)(:/ O*M.V»uu%

Ovbeomas | 1| o~
4
1 07 ﬂoun—oe.’é we car eflo~
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r-0p o -
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5
éow\/vtjﬂ%
W
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P ad(?’wwﬁr"romc& ({\(ofz M -
‘z"[tz, M@M/W ~esoleen ;‘L{’ce/j et

9' ¥ 1% fq lf' a[fw Ve I/Dfé/

T | «/mﬂ\/:cmwa é,/wu«aﬁ&bdéﬁ‘ﬂ_

A/ouwa/
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¢) The following payoff matrix (A) is for the “chicken”:

?

defect coop
defect 1 2

J 1 4
coop 4 3

2 3

The following payoff matrix (B) is for the “matching pennies”:
i

defect  coop

defect -1 1

-1

coop 1 -1
-1 1

The following payoff matrix (C) is for some other, unnamed game:

?

defect coop
defect 5 1
J 3 2
coop 0 0
2 1
For each of these payoff matrices:
(1) Identify all (pure strategy) Nash Equilibria; (6 marks)
n,' CO a»-"e/ O (/
/} : N(M.Q_
c: 0p
(1) Identify all Pareto optimal outcomes; (6 marks)
A cc,cp,pc Note thal v muy revesein motos
bbbl MockPan, @5, 2t L,
B: al o them (t nove. o o Mabehe
C: DD Pornces are poreto alaﬁ' .
Tl wo ov éﬂf@
(iii) Identify all outcomes that maximise social welfare. (6 marks)
A CC, D, DC
B Al (i v a 2ero som 5M4)
c: 0D
End
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