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Chapter 5: Smple Modelling

Where we examine various modelling
abilities of CLP languages
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Qg Modelling

¥ Choose the variables that will be used to
represent the parameters of the problem
(this may be straightforward or difficult)

¥ Model the idealized relationships between
these variables using the primitive
constraints available in the domain

SBM delling Exampl
L} J Modelling Example

A traveller wishesto cross
ashark infested river as
quickly as possible.
Reasoning the fastest route
Isto row straight across
and drift downstream,
where should she set off

width of river: W

speed of river: S
set of position: P

rowing speed: R
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t'lg Modelling Example

Reason: in the time the rower rows the width of the
river, she floats downstream distance given by river
speed by time. Hence model

river(W S, R P) :- T=WR P = ST.

Suppose sherows at 1.5m/s, river speed is 1m/s and

width is 24m.
river(24, 1, 1.5, P).

Has unique answer P = 16

P} U
tu 3 Modelling Example Cont.

If her rowing speed isbetween 1 and 1.3 m/sand
she cannot set out more than 20 m upstream can
she make it?
1 <= R R<=13, P<=20,
river(24,1,R P).

Flexibility of constraint based modelling!
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¥ Multiple rules allow modelling relationships
that involve choice

¥ E.g. tables of data using multiple facts.

father(jimedward). not her (maggy, fi).
father(ji mmaggy). nmot her (fi,lillian).
f at her (edwar d, peter).

f at her (edwar d, hel en) .

father(edward, kitty).

father(bill, fi).

P U
tu 3 Choice Examples

Thegoal f at her (edward, X) finds
children of Edward. Answers:

X = peter,
X =hden,
X = kitty

Thegoa not her (X, fi)finds the nother
of Fi. Answers:

X = maggy
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9 Choice Examples

We can define other predicatesin terms of these

parent (X, Y) :- father(XY).

parent (X, Y) :- nother(XY).

sibling(XY) :- parent(Z X), parent(ZY),
X 1=Y.

cousin(X,Y) :- parent(Z, X), sibling(ZT),
parent (T,Y).

Thegoal cousi n(pet er, X) hasasingleanswer
X=fi
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9 More Complicated Choice é

¥ A call option givesthe holder theright to
buy 100 shares at a fixed price E.

¥ A put option givesthe holder the right to
sell 100 shares at afixed price E

¥ pay off of an option is determined by cost C
and current share price S
v e.g. cal cost $200 exercise $300
v stock price$2, don’t exercise payoff = -$200
¥ stock price$7, exercise payoff = $200 10
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- ptions Irading
call C=200, E = 300

call, selling

call, buying put, selling

put, buying

Butterfly strike:
buy call at 500
and 100 sell 2
butterfly puts at 300
1

1

6BM delli '
Red odelling Functions

-C if 0 S<E/100

0
call_payoff (S.C.E)=Hoos-E-c  ifs=E/100

Model afunction with n arguments as a predicate with
n+1 arguments. Tests are constraints, and result isan
equation.

buy call _payoff(S,CEP) :-

0 <=S S<=FI100, P =-C
buy call payoff(S,CEP) :-

S >= B/ 100, P = 100*S - E - C

12
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Add an extraargument B=1 (buy), B = -1 (sell)
call _option(B,S,C EP) :-

0 <= S S<=FI1100, P=-C* B
call _option(B,S,CEP) :-

S >= E/100, P = (100*S - E - O *B.

The goal (the origina call option question)
call _option(1, 7, 200, 300, P)

has answer P = 200

13

P U
t'UJ Using the Model

butterfly(S, PL + 2*P2 + P3) :-
Buy = 1, Sell = -1,
call _option(Buy, S, 100, 500, Pl),
put _option(Sell, S, 200, 300, P2),
call _option(Buy, S, 400, 100, P3).

Defines the relationship in previous graph
P >= 0, butterfly(S,P).

has two answers
P=100S-20002<S[0S<3

P=-100S+40003< SS<4 u
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¥ Natural model may be iterating over some
parameter

¥ CLP languages have no direct iteration
constructs (for, while) instead recursion

15

tu 3 Iteration Example é

Mortgage: principal P, interest rate |, repayment R and
balance B over T periods

Simpleinterest: B=P+P x| - R

Relationship R =P+PxI-RO

over 3 periods: P,=P+Px|-R0O
P=F+PE x| -R0O

B=F,
Number of constraints depend onthevariable T

16
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L Reason Recursively

Zero time periodsthen B = P
elsenew princ. P + P*1 - Rand new time T-1

nortgage(P, T,1,RB) :- T =0, B=P. (M)

nortgage(P, T,1,R B) :- T >= 1,
NP=P+P*| -R N =T-1, (M)
nort gage(NP, NT, | , R B) .

17
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L¥€ S Example Derivation

“ ﬁ (mortgage(P,B,I,R, B)|true>
OM2

(mortgage(P,,2,1,R,B)|P,= P+Px | -R)
OM2
<mortgage(P2,1,I ,RB)IP,=P+Px|-ROPR, =R +P,xI —R>

OM2

<mortgage(%,0,l,R,B)|H=P+ Pxl-RUOPR, =R +PxI-R0O
R=R+PxI-R)

OM1
M|P,=P+Px|-ROP,=P+P x| -RO
P,=P,+P,x| -ROB= R0 .
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¥ Give aprocedural definition
¥ trandlate iteration to recursion
¥ trandlate tests and assignments to

¥ Novice CLP programmers may have
difficulty defining recursive relationships

}

Remove the while loop using recursion

constraints
“ -
tu 3 Tranglation Example
Pseudo C code for the mortgage problem
float ngl(float P, int T, float I, float R
{
while (T >= 1) {
P=P+P* 1| - R
T=T- 1
}
return P,

20
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Pseudo C code for the mortgage problem

float ng2(float P, int T, float I, float R)

{
if (T>=1) {
P=P+P*I| - R
T=T- 1;
return ng2(P, T, I, R; }
el se
return P;

}
Make each variable only take one value

21

P U
tu 3 Tranglation Example

Pseudo C code for the mortgage problem

float ng3(float P, int T, float I, float R)

{
if (T>=1) {
NP=P+P* | - R
NT =T - 1;
return ng3(NP, NT, I, R); }
el se
return P;

}
Replace the function with a procedure answer by ref,,

11
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tu 3 Translation Example

Pseudo C code for the mortgage problem

ng4(float P,int T,float I,float R float *B)
{
if (T >=1) {
NP=P+P*1| - R
NT =T - 1;
mg4(NP, NT, |, R B); }
el se
*B = P
}

Replace tests and assignments by constraints ”s

P} U
tu 3 Tranglation Example

Pseudo C code for the mortgage problem

m(P, T, |, R B)
T >= 1,
NP =P+ P* | R
NT =T- 1
ng(NP, NT, |, R B).
nmg(P, T, I, R B) :- T =0, (note extra)
B =P

24
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¥ Both programs can answer the goal
~ nort gage(500, 3, 10/100, 150, B).

¥ But the CLP program can answer
v nortgage(P, 3, 10/100, 150, 0).
P =373028
¥ an even the goal
v nortgage(P, 3, 10/100, R B).
P = 0.38553B + 6.14457R
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tu 3 Optimization

v Many problems require a“best” solution

¥ minimization literal: minimize(G,E)

v answers are the answers of goal G which
minimize expression E (in context of state)

26
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tu 3 Optimization Examples
p(XY) 1= X = 1.

p(Xx,Y) - Y =1.
X>=0, Y>0, mnimze(p(XY), XtY)
Answers: X=1ANY=0and X=0AY=1
X>=0, X>Y, mnimze(true, X-Y)

Answer: X>=0NAX=Y
m ni ni ze(butterfly(S,P), -P)

Answer: S= 3AP= 100
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tu 3 Optimization Evaluation

v A valuation visasolution to astateif itisa
solution of some answer to the state
¥ minimization derivation step: <G1| C1>
to<G2| C2> whereG1=L1,L2,..,Lm
v L1isminimize(G,E)
v exists solution v of <G| C1> withv(E) = m
and for al other solsw, m<= w(E)
~G2isG,L2,...Lmand C2isCINE=m
velseG2is[] and C2isfalse "

14
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x >= 0, mnimze(X>=Y, XY)

<X 2 0,minimize( X 2Y, X —Y)|true>

0
(minimize(X =Y, X =Y)|X 2 0)
0 (X2Y|X20)
(X=2Y|X200X-Y=0) U
0 [x=zo00Xx 2Y)

{ix=zo00x-Y=00x2Y) Minimum value of X-Y is

0eg. {X—3YH3
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Simplified X=00X =Y

tu 3 Optimization

Optimization doesnt only have to be at the goal

straddl e(S, C1+C2, E, P1+P2) : -
Buy = 1,
call _option(Buy, S, Cil, E, P1),
put _option(Buy, S, Cs, E, P2).

best straddle(C E P) :-
m nimze(straddl e(S,C E, P),-P).

30
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“ﬁSImpeMo Ing SUMMmary

¥ Converting problem constraints to
constraints of the domain

¥ Choice is modelled with multiple rules

¥ Functions are modelled as predicates with
an extra argument

~ Iteration is modelled using recursion
¥ Optimization requires a new kind of literal

31

16



