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This exan. wül test yo.. knowledge and understanding of the ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^^2, 
lectures, the book of Blackburn, Bos and Striegnitz Learn J;;;/̂ ĵ;2wrd t ; use materials such 
Chapter 10, Section 11.2), as well as The GOAL ^^-5—J G-ui- l^^n ^^^^.,3 
as shdes during the exam. You will have 3 hours frorn 9 12 p^^^^^ i.dude 



Questions 
Question 1 

This assignment concerns Prolog. 15 points 

(a) (10 points) Write a (set of) clause(s) that define the predicate remove(X,L1,L2) such that L2 
IS a hs obtamed fi-om the hst L l by removing aU occurrences of X. Fo example th p L r ^ 

^^"^''^ ^'^^^ ̂ 2 = 2, 4] a n d r e . o v e ( 3 , C l . 2 . 4 t L 2 ) shoTld 

s a S l a n S r , A ' T " ^ ' ^ ' ^ ' " ^ P"^^^^*^ remove (X. L l . L2), such that L2 s a hst obtamed from the hst L l by removing only the first occurrence of X. If X does not occur in 
L , nothmg s W d be removed. For example, the query remove(3. [1 ,3 .2 ,3 ,4] ,L2) . should L̂ld 
L.̂  - L l , 2, 3, 4] and remove(3, [1,2,4] ,L2) . should yield L2 = [ 1 , 2, 4 ] , 

Question 2 

lillr'Trl r K ?• " " " " ^ ^^^^^ ^^^^^^ - ^ - - ^ ^ave exactly tw 
l e a f a . t 7 r T " ^ ' ^ °^ "̂̂ "̂  We will represent leaf nodes as 
leaf n t ) , where I n t ,s an mteger. That is, leaf nodes have integer labels. For example, leaf (1) and 
leaf (5) are leaf nodes, and therefore small binary trees. Given two binary trees BI and B2 we can 
combme them mto one binary tree using a predicate tree/2 as follows: tree^Bl,B2). 

So, from the leafs leaf (1) andleaf (5) we can build the binary tree tree ( leaf (1) , leaf (5)) from the 
bmary trees t ree (leaf (1 ) , leaf (5)) and leaf (3) we can build the b nary tree 

r"e^Ï:f\VTL':;8»''''̂ ''̂ '̂̂ 'l\/°"'. '̂̂  '̂̂^̂^ tree ( leaf ( D . l e a S ^ d 
tre\lL\1g)\\\\lS;),eT:. ' ' "^^^ ^̂ '̂ ^ tree (tree ( leaf (1) , leaf (B ) ) . 

t Ï e ^ t ^ ' ^ T i l ' ^Tl °P "'Tf^ ' " ' ' " ^ P^ '̂̂ '̂ '̂̂  ^ ^ ^ ^ ^ ^ ^ ^ - ^ ' that Sum is the sum of the labels of the leafs of the tree Tree. For example the ouerv 
su :nTree ( t r ee ( t r ee ( l ea f ( l ) , l ea f (5 ) ) , l ea f (3 ) ) ,X) . shou ldy ie ldX = 9. ^ 
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K F . N N I S T E C H N O L O G I E L- t -2 
10 points 

Questions , ^ „ > .PVP a database of results of Unreal Tournament matches 
^ This assignment concerns Prolog. Assume - ^ . ^ ^ ^ i f ™ ^Mch other were not arranged m 

played by various teams. The pamngs of which 'l^^^^l'^^^^' ^he results are in the program repre-
any systematic way, so each team just played - 3 * - ^ \ 7 ^ t n ( t e a m 4 , t e a i n 2 ) , where won(Tl .12) 
sented as facts like wonCteaml teani2) " - ^ ^ ^ ^ ^ ' ^ ^ j ' ^ assignment, we consider a set of 
represents that team T l won the .-a':ch (and team J - t ) ^ i , to categories. We 
clauses that should define a predicate class (Team.Category; 
have just three categories: 

great: every team that won all its games 

ok: any team that won some games and lost some 

improvable: any team that lost aU its games 

won(teaml .teain2) . 
won(team3.teaml). 
won(teain4,teain2) . 

class(X,ok) : - won(X._), won( , X ) . 
class(X.great) : - not(won( ,X) , won X . J ^ 
class(X.improvable) won(_,X). not(won(X,_)) . 

^ V. M • IH y - teams and X = team4, but this knowledge base yields 
The query class(X.great) should yield X - team3 
false . The following trace is produced: 

[trace] ?" class(X,great) . 
Ca l l - (7) class(_G335, great) ? creep 

' Ca l l - (8) not(won(_G403, _G335)) ? creep 
C a l l : (9) won(_G403. _G335) ? creep 
Exi t - (9) won(teaml, teain2) ? creep 

- F a i l - (8) not(won(_G403. _G335)) ? creep 
Redo: (7) class(_G335. great) ? creep 

(a) (5 points) Explain why this program yields the wiong 

points 
T p o i ^ r P " p - e a nrodiflcation of the progran, to yieU the c„„eot solatio.. 

^"ISriestioneePeerns the agent p,og,a„,„ing i a . g P * G O - ^ . ^ , „ « « . c t » , and g o a l - a « , a c t > , 

(a) (5 points) Explain the difiexeno. between the goal « l a c t » , • g 

operators. f^,.-,,,-if H P I C D C X ) ) then i n s e r t ( r ( X ) ) 
(b) (5 points) Explain thedifterence between executingaruleofthefoirnxf bel (p(X)) 

Sn the program section and m the perceptrule section. 
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Question 5 

This question concerns the agent programming language GOAL. 

main: deliveryAgent i 
knowledge { 

ordered (CP) : - order (C,Y), member (P,Y). 
loaded_order(C) : - order(C,0), loaded(O) 
loaded([P]) : - in(P, t r u c k ) . 
loaded([P|L]) : - i n ( P , t r u c k ) , loaded(L). 
empty n o t ( i n ( P , t r u c k ) ) . 
packed se tOf (P , in (P , t ruck) ,L) , length(L,X) , X>=2 
delivered order(C) order(C,0) , loc(C,X) ,order loc(0 ,X) . 
o rde r loc ( [HIT] , X) : - loc(H,X), orderloc(T,X) 
o r d e r l o c ( [ ] , X ) . 

} 
b e l i e f s i 

25 points 

loc(p4 ,a ) . l o c ( t r n c k , a ) . home(a). l o c ( p l , a ) . loc(p2 ,a ) . loc(p3 ,a ) . 
o r d e r ( c l , [ p l , p 2 ] ) . order(c2 , [p3,p4]) . 
l o c ( c l , b ) . l o c ( c 2 , c ) . 

> 
goals i 
^ de l ivered_order (c l ) . del ivered.order(c2) . 

program { 
i f bel(home(X)) then goto(X). 

module deliverOrder -[ 
context -C goal(delivered_order(C)) > 
program { 

i f goal(delivered_order(C)), bel(ordered(C, P), loc(C X)) 
no t (be l ( in (P , t r u c k ) ) ) , no t (be l ( loc ( t ruck , X))) t h i n lo;d(P) 

loc(C, Y)) 

> 
i f bel(empty, home(Y)) then goto(Y). 

P)) 

> 

actionspec-C 
load(P){ 

pre-C not(packed), l o c ( t r u c k , X ) , loc(P,X) 
^ post-C i n ( P , t r u c k ) , not (loc (P, X) ) > 

goto(Y){ 
pre-C l o c ( t r u c k , X ) , not(X=Y) > 
post-C l o c ( t r u c k , Y ) , not doc ( t ruck, X) )} 

} 

unload (P)-C 
» • 

> 
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(a) ( 1 0 points) Explain which actions the GOAL agent may perform next, given the agent program 

listed above. 

(b) 

(c) 

listed above. ^ .̂ I D 
( 1 0 points) Complete the action specification for the action nnload(P) for nnloadmg a package P. 
Only use the predicates that are already available in the given agent program. 
(5 points) Explain which goals will be part of the attention set if the module is activated given the 
mental state that is part of the agent program above. 

Question 6 
25 points 

sïion o 1 r - i r , A T 
This question concerns the agent programming language UOAL. 

main: coffeeMaker { 
• 

knowledge -[ 
requiredForCcoffee, water) . 
requiredFor(coffee, grounds). 
requiredFor(espresso, co f f ee ) . 
requiredFor(grinds, beans). 

canMakeltCM, P) canMake(M, Prods), member(P, Prods). 

b e l i e f s { 
have(water). have(beans). 
canMake(maker, [cof fee , espresso]). 

> 
goals -[ 

have(coffee) . 
> 

"̂"""̂ nf̂ ê need to make something, then make i t (the ac t ion 's 
i checks i f we have what i t takes, l i t e r a l l y ) 
i f goal(have(P)) then make(P). 

> 

actionspec -C 
make(Prod) { 

precondit ion 

pre { fora l l ( requi redFor(Prod, Req), have(Req)) > 
post { have(Prod) > 

} 
} 
perceptrules i 

• ft 4 

mate, Only use the predicates that are aheady available in the given agent program, 

(b) (5 points) Explain in which section you would insert the rule you provided. 

c 5 points) Explain the difference between the three POssMe -o^^^ ~ ï e n ï â^ 
the difference between an agent agentl that performs send(agent2, . <f act>;, sena^ g 
and send(agent2, !<fact>). 

End of exam 
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