
T I 1600-A Multi-Agent Systemen 

18 April 2012 

This exam wi l l test your knowledge and understanding of the material provided to you and presented in 
the lectures, the book of Blackburn, Bos and Striegnitz Learn Prolog Now! (Chapters 1 to 5, Section 10.3, 
Section 11.2), as well as Tfie G o A L Programming Guide and the paper "Common ground and coordination 
in joint activity" (Klein et al.). I t is not allowed to use materials such as books, papers or slides during 
the exam. You wi l l have 3 hours (from 9 t i l l 12) to complete the exam. You may provide j^our answers in 
Dutch as well as in English. I t has 7 questions, for a total of 100 points. Please don't include irrelevant 
information: you wil l be marked down for this. Before you hand in your answers, please check that you have 
put j'our name and student number on top of every sheet you hand in. Answers maj ' be provided in Dutch. 



Questions 
Question 1 10 points 

This assignment concerns Prolog. 

(a) (10 points) Which of the following queries succeed? I f a quer)^ succeeds, provide the unifier that 
Prolog computes (if i t is non-emptj'). For example, the querj^ f (X) = f (a) . succeeds, and Prolog 
computes the unifier X=a; the query 5 = 5 succeeds, and the unifier is empty (i.e., Prolog returns 
t rue ) . 

1) p ( X , f ( a , b ) . g ( Y ) ) = p ( [ ] , f ( Z , Y ) , g ( b ) ) . 
2) [ 1 , 2 , 3 , [ ] I [ ] ] = [ 1 , 2 , 3 , [ ] ] . 
3) X i s 2+3, f ( X ) = f ( 5 ) . 
4) 2+3 i s 1+4. 
5) [ f ( 3 ) , a, [ ] , [ 3 ] ] = [ _ , X , Y | Z ] . 

Question 2 15 points 

This assignment concerns Prolog. 

(a) (7 points) Write a (set of) clause(s) that define the predicate n t h ( N , L , X ) . where N is an integer 
greater than 0 and L is a non-empty list, such that X is the N-th element of L. For example, the query 
n t h ( 3 , [ 1 , 2 , 5 , 8 ] ,X) . should 3deld X = 5. I^o not use any auxiliary (=additional) predicates! 

(b) (8 points) Write a (set of) clause(s) that define the predicate minus(L1,L2,L3) where L l , L2 and 
L3 are non-empty lists of integers, and L3 is obtained from L l and L2 by subtracting the i-th 
element of L2 from the i- th element of L l , where i ranges from 1 to the length of the lists. One 
could say that we compute " L l minus L2". The query should fail if L l and L2 are not of equal 
length. For example, the query minus( [3 ,4 ,5 ] , [ 1 , 2 , 3 ] ,L) . should yield L = [2 , 2, 2] ., and 
m i n u s ( [ 3 , - 4 , 5 ] , [ 5 , - 2 , 3 ] ,L) . should jdeld L = [ -2 , - 2 , 2] . Do not use any auxiliary (=addi-
tional) predicates! 

Question 3 5 points 
This assignment concerns Prolog. Consider the following program: 

a ( 5 ) . 
b ( l ) . 
f ( 3 ) . 

g ( l ) . 
g ( 2 ) . 

p ( 2 ) . 
p ( 3 ) . 
p(X) : - a (X) . 
p(X) : - b ( X ) . 

p x ( [ ] ) . 
p x ( [ X | T ] ) : - g ( _ ) , p ( X ) , n o t ( f ( X ) ) , p x ( T ) . 

When posing the query p x ( [ l , 3 ] ) . to Prolog, the following trace is produced (only the first part is 
displayed here): 

[ t r ace ] ?- p x ( [ l , 3 ] ) . 
C a l l : (7) p x ( [ l , 3 ] ) ? creep 
C a l l : (8) g(_G454) ? creep 
E x i t : (8) g ( l ) ? creep 
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C a l l (8) p ( l ) ? creep 
C a l l (9) a ( l ) ? creep 
F a i l (9) a ( l ) ? creep 
Redo (8) p ( l ) ? creep 
C a l l (9) b ( i ) ? creep 
E x i t (9) b ( l ) ? creep 
E x i t (8) p ( l ) ? creep 
C a l l (8) n o t ( f ( l ) ) ? creep 
C a l l (9) f ( l ) ? creep 
F a i l (9) f ( l ) ? creep 
E x i t (8) n o t ( u s e r : f ( 1 ) ) ? creep 
C a l l (8) p x ( [ 3 ] ) ? creep 

(a) (5 points) In the text below that explains the trace, choose from the following terms to complete 
the text. Terms should be inserted in the appropriate slots, where each term can be used zero or 
more times: 

• backtracking 

• recursion 

• breadth-first search 

• depth-first search 

• linear search 

• negation as failure 

Prolog unifies px( [ 1 , 3 ] ) . wi th the head of the last clause in the program. Prolog applies 
(1) and thus tries to prove g(_G454) before trying to prove p ( l ) . Prolog 

applies (2) and thus unifies g(_G454) wi th g ( l ) rather than with g (2 ) . The 
goal p ( l ) is unified wi th the head of the first rule in the program, and Prolog tries to prove 
a ( l ) . This fails and Prolog applies (3), which results in the application of the 
second rule in the program, and Prolog proves b ( l ) , thereby proving p ( l ) . Then Prolog 
tries to prove not ( f (1) ) , which succeeds because Prolog uses (4) which means 
that n o t ( f (1) ) succeeds if f (1) fails. Prolog applies (5) and tries to prove 

(a) (3 points) Mention an application where j 'ou think agents can be applied naturally. Explain why 
you think so (use 5 sentences at most). 

(b) (3 points) A software agent is usually connected to an environment and can perceive things in its 
environment. Most environments, however, are not ful ly observable. Discuss how an agent can t ry 
to obtain a complete representation of its environment (use 5 sentences at most). 

Question 5 13 points 
This question concerns the agent programming language GOAL. 

(a) (2 points) List the mental state components of a GOAL agent. Which of these components can be 
modified at runtime? 

(b) (4 points) Explain what a mental state condition is and how a condition of the form he\{Query) 
such as b e l ( c l e a r ( X ) ) is evaluated. 

(c) (4 points) Explain the difference between rules of the form i f . . .then and rules of the form f o r a l l . . .do 

(d) (3 points) In which module in an agent program would you tj 'pically use a rule of the form 

p x ( [ 3 ] ) . 

Question 4 6 points 

f orall . . .do? Explain whj' . 
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Question 6 4^ points 
This question concerns the agent programming language G O A L . Consider the agent program below. 
This program is written for a robot that collects rocks on planet Mars. Some rocks are interesting to 
take home but others are not. The robot can maximally carry 5 rocks and then has to return to its 
home base to deliver the collected rocks. 

(a) (10 points) Explain which action(s) the G O A L agent may perform next, given the agent program 
listed below. Onty provide actions that it can perform given its "current", i.e. init ial , mental state. 

(b) (3 points) The pickup action does not take into account j^et that the robot can carry maximalijn 
5 rocks. Fix this issue and provide an action specification for pickup that correctly takes this 
constraint into account. 

(c) (3 points) The agent does not take into account yet whether a rock is interesting or not to collect. 
Only yellow rocks are interesting. Modify the agent in a way that it wi l l adopt goals to collect 
interesting rocks and only such goals. Explain why your answer implements this constraint. 

(d) (10 points) Complete the action specification for the action drop (Rock) for dropping a rock Rock. 
A rock, of course, can only be dropped if i t is being carried by the robot and after dropping the 
rock the robot should believe that the rock is located where the robot is. Only use the predicates 
that are already available in the given agent program. Motivate the pre- and postcondition that 
you have given. 

(e) (5 points) The agent is not able to achieve its goals. Explain why. 

( f ) (10 points) Provide a modification of the agent program to ensure that the agent wi l l achieve its 
goals. Argue why your answer solves the issue and motivate why you choose to modifj^ the program 
in the way you did. Take into consideration in your motivation whether your solution is a minimal 
modification of the program. 

i n i t module{ 
knowledge{ 

interest ingRock(Rock) : - color(Rock, y e l l o w ) . 
i temsCol lec teddtems) : - s e t o f ( I t e m , c a r r y i n g ( I t e m ) , I t ems) . 
nrOfi temsCollected(Count) : - i t emsCol lec ted( I tems) , l eng thd tems .Coun t ) . 

} 
b e l i e f s-[ 

home(a). 
a t ( r o c k l , b ) . a t ( r o c k 2 , a ) . a t ( r o c k 3 , c ) . a t ( r o c k 4 , c ) . 
c o l o r ( r o c k l , y e l l o w ) . c o l o r ( r o c k 2 , b l u e ) . c o l o r ( r o c k S , r e d ) . c o l o r ( r o c k 4 , y e l l o w ) . 
a t ( r o b o t , a ) . 

> 
actionspec-C 

pickup(Rock){ 
prG{ a t ( r o b o t , X ) , at(Rock,X) } 
pos t{ ca r ry ing(Rock) , no t (a t (Rock ,X) ) } 

> 
go to (Y){ 

pre{ a t ( r o b o t , X ) > 
pos t{ a t ( r o b o t , Y ) , n o t ( a t ( r o b o t , X ) ) } 

> 

drop(Rock){ 
pre-C . . . > 
pos t{ . . . > 

} 
> 

} 
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main module{ 
program-[ 

i f b G l ( a t ( R , X ) , no t (R=robot ) , home(Y), not(X=Y)) then a d o p t ( a t ( R , Y ) ) . 
i f g o a l ( a t ( R , X ) ) , b e l ( a t ( R , Y ) , a t ( r o b o t , Z ) ) then go to (Y) . 
i f g o a l ( a t ( R , X ) ) , b e l ( a t ( R , Y ) , a t ( r o b o t , Y ) ) then p ickup(R) . 
i f b e l ( c a r r y i n g ( R ) , home(X)) then go to (X) . 
i f b e l ( c a r r y i n g ( R ) , home(X), a t ( r o b o t , X ) ) then drop(R) . 

> 

> 
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Question 7 iO points 
This question concerns joint activity in the BlocksWorld for Teams (BW4T) environment (see figure). 
BW4T is a virtual world containing nine rooms in which colored blocks are hidden, and a drop zone 
where blocks can be delivered. The BW4T task is to deliver a sequence of colored blocks in a particular 
order (displayed at the bottom of the figure). Agents in the BW4T world can move, pick up blocks, drop 
blocks and communicate wi th each other. An agent can only carry one block at a time. Agents know 
which rooms there are and which colors need to be delivered in what order, but they can only see blocks 
and their colors when they are inside the room where these blocks are. Agents cannot see each other. 
To deliver a block successfully, an agent has to find a block of the right color, go to the block, pick i t up, 
go to the drop zone and drop the block there. Agents can communicate wi th each other to coordinate 
their actions. Performance on the BW4T task is measured by the speed of completing the task. 

BW4T 

LeftHaM FrontAl Fl ont A2 FiontAS RightHa'IA 

• 

RoomAf 

• 

• 

PoomA3 

LeftHallB FiontBl FrontBZ FtonlB3 RightHa'IB 

• 
Bob 

FtoomBl 
• 

RnxnBr • 

• 

RocmB.-i 

• B E 
• 

LeftHaK FtontCl FiontCZ FtontC3 PinhtHa'H 

• 
Alice 

• 
RoomCl 

• 

RoomC2 • 
•M'-. '- • •• 

m 

LeftHaI'D FrontOiopZone RiqhtHa'ID 

Figure 1: BW4T world 

This question concerns four agents that want to perform the BW4T task. Each of the agents suffers 
from one or more handicaps that hinder task execution, and therefore they decide to form a team and 
perform the BW4T task together. The handicaps of the agents are the following. 

• Agent 1 is not able to carry blocks and cannot remember the locations and colors of blocks 

• Agent 2 and 3 are color blind and cannot remember the locations and colors of blocks 

• Agent 4 is not able to move 

(a) (2 points) Are the criteria for joint activity (intention and interdependence) satisfied in this team? 
Explain your answer. 
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(b) (5 points) Propose an organizational structure for this team by specifying one or more roles for 
each of the four agents, and motivate your choice. A l l four agents should contribute to the teams 
performance. 

(c) (3 points) Propose three conventions regarding communication that vv^ould enhance the teams per­
formance. In a communication convention j'ou should specify the role of an agent, and when and 
what the agent should communicate. 

End of exam 




