1

            Chapter 7: Controlling Search

                       Where we d iscuss how  to make the

                       search for a solution mo re efficient

2

                       Controlling S ea rch

u

           Estimatin g Efficiency of a CLP Program

u

           Rule Ordering

u

           Literal Order ing

u

           Adding Redund ant Constraints

u

           Minimizatio n

u

           Id entify ing Determin istic Subgoals

u

           Example: Bridg e Building

3

                       Estimating Efficien cy

u

           Evaluatio n is  a search of the derivation  tree

u

           Size and  shape of deriv ation tree determines

           efficiency (igno res solving co st)

               u

                        smaller: less search

               u

                        answers in the leftmost part: less search before

                        first answer

u

           Derivation tree depends on the mode of

           us age

4

                       Mo de of U sag e

u

           mode of us ag e : defines  the kinds of

           cons traints  on th e argument of  a predicate

           when  evaluated

u

           fixed : constraint store imp lies a sin gle valu e

           in all solutions

u

           free : constraint store allows all values

u

           oth ers : boun ded above, bounded b elow

5

                       Mo de of U sag e Exam ple

u

           mo de of u sage first arg fixed  secon d free

               u

                        sumlist([1],S).

               u

                        L=[1,2],S > Z, sumlist(L,S).

u

           states in derivation tree with sumlist called

               u

                        < sumlist([1], S) | true >

               u

                        < sumlist(L´,S´) | [1]=[N´|L´]

                        /\ S = N´ + S´ >

  su mlist ([], 0).

  su mlist ([N|L], N +S ) : - sumlist (L , S).

6

                       Controlling S ea rch  Exam ple

u

           Imagine writin g a pro gram to com pute

               u

u

           Reason recur sively:

               u

                        sum of N  numbers is sum of N-1  + N

               u

                        sum of 0 numbers is 0

u

u

u

           Problem  sum(1,S) does nt answer

                              S N

                                           = + + +
                                                       0 1 2
                                                                                                                �

               (S 1)  sum (N,  S +N) :- sum(N -1 , S).

               (S 2)  sum (0,  0 ).

7

                       Controlling S ea rch  Exam ple

                                                                   sum S tru e

                                                                                            S S

                                                       sum S S S fa lse

                                                                                            S S

                                                  sum S S S S

                                                                                            S S

                                              sum S S S fa lse

                                                                                            S

                                                                                  ( , )|

                                                                      ( , ’ )| ’ []|

                                                                 ( , ’ ’ )| ’ ’ []|

                                                             ( , ’ ’ ’ )| ’ ’ ’ []|

                                                                                    1

                                                                                                 1 2

                                                                          0 1

                                                                                                 1 2

                                                                          1 1 1

                                                                                                 1 2

                                                                      2 0

                                                                                                 1

                                                                                    ß ß

                                                                                                        = +

                                                                                    ß ß

                                                                     - = + =

                                                                                    ß ß

                                                                 - = +

                                                                                    ß

                                    Simplified derivation tree for sum(1,S)

8

                       Controlling S ea rch  Exam ple

u

           In fin ite derivation before an swer

u

u

u

           sum(1,S) answers S= 1 ,

u

           but su m(1,0)?

            (S 3)  sum (0,  0 ).

            (S 4)  sum (N,  S +N) :- sum(N -1 , S).

s u m t r u e

S

s u m t r u e

S

s u m t r u e

S

s u m t r u e

S

( , ) |

( , ) |

( , ) |

( , ) |

1 0

4

0 1

4

1 1

4

2 0

4
ß

-

ß

- -

ß

-

ß

9

                       Controlling S ea rch  Exam ple

u

           Program was  not intended to work for

           negative numb ers. Correct it

       (S 5)  sum (0,  0 ).

       (S 6)  sum (N,  S +N) :- sum(N -1 , S), N >= 1.

                                                                                                s u m t r u e

S

                                                                               s u m t r u e

S

                                                           s u m t r u e

S

                                                                                                                    ( , ) |

                                                                                                   ( , ) , |

                                                                                ( , ) , , |

                                                                                                                        1 0

6

                                                                                                        0 1 0 1

6

                                                                                           1 1 0 1 1 1

6

                                                                                                                     ß

                                                                                                                 - ³

                                                                                                                     ß

                                                                                    - - ³ - ³

                                                                                                                     ß

10

                       Controlling S ea rch  Exam ple

u

           Remember left to right processing

u

u

u

           sum(1,S) gives S = , sum(1,0) answers no

u

           Methods:

               u

                        rule reordering

               u

                        adding redundant constraints

               u

                        literal reordering

            (S 7)  sum (0,  0 ).

            (S 8)  sum (N,  S +N) :- N >= 1,  sum(N-1, S ).

11

                       Rule Ordering

u

           general rule

               u

                        place non-recursive rules before recursive rules

               u

                        (this w ill tend to avoid infinite derivations)

u

           heur is tic rule

               u

                        place rules which are ^more likely to lead to

                        answers~ before others

               u

                        (tend to move the success to the left of tree)

12

                       Li tera l Ordering

u

           Primitive C on straints

               u

                        place a constraint at the earliest point in which

                        it could cause failure (for mode of usage)

u

           fac(N,F)  with N  fixed and F  free

  fa c(N, F) :- N =  0 ,F = 1.

  fa c(N, FF) :- N >=  1,  FF  = N *F ,

                                N1  = N - 1, fac( N,  F) .

  fa c(N, F) :- N =  0 ,F = 1.

  fa c(N, FF) :- N >=  1,   N1 = N - 1,

                                fa c(N, F), FF  = N * F.

13

                                   Li tera l Ordering

            u

                       User-define co ns traints:

                           u

                                     place deterministic literals before others

            u

                       deterministic : p( s1,...,s n)  in program is

                       deterministic for a derivation tree if at each

                       choicepoint where it is rewritten all but on e

                       derivation  fails before rew riting a user-

                       defined constraint (at most one su cceeds)

            u

                       deterministic predicate p  for m ode of usage

14

                                   Determini st ic Predica tes

            u

                       sumlist(L,S)   is  determin istic for mode of

                       us age L  fixed  S  free. No t for L  free S  fixed.

            u

                       sum(N,S) is similar

            u

                       deterministic predicates require little search

                       to find an  answer

            u

                       BEWARE m oving a predicate can  change

                       whether it is  deterministic or not

15

                                   Li tera l Reord erin g Exa mple

            fa ther( jim,edwar d) .

            fa ther( jim,maggy ).

            fa ther( edward,pe te r).

            fa ther( edward,he le n).

            fa ther( edward,ki tt y).

            fa ther( bill,fi).

mo ther( maggy,fi) .

mo ther( fi,lillia n) .

father(F,C)  is deterministic with C  fixed F   free, but not

with both free of F  fixed and C  free.  mother(M,C)  also

                              Every child can only have one father

                              A father can have many children

16

                                Li tera l Reord erin g Exa mple

  gr andf( GF,GC) :-  f ath er(GF,P), fa ther(P,GC).

  gr andf( GF,GC) :-  f ath er(GF,P), mo ther(P,GC).

  For mode of  usage GC  fixed GF  free:

                 ¯  What modes of usage for first rule literals?

                 ¯  father(GF,P)  both free, father(P,GC)   both fixed

                 ¯  What is the body literals are reversed?

                 ¯  father(P,GC)  free fixed, father(P,GC)  free fixed

17

                                Li tera l Reord erin g Exa mple

  gr andf( GF,GC) :-  f ath er(P,GC), fa ther(GF,P).

  gr andf( GF,GC) :-  m oth er(P,GC), fa ther(GF,P).

More efficient for mode of usage free fixed

                              e.g. grandf(X,peter)

                              63 states in simplified derivation tree for first prog

versus 23 states for second prog.

18

                                Adding Redundant Cons.

          u

                     A con straint that can be rem oved from  a

                     ru le witho ut chang ing th e answ ers is

                     redundant .

          u

                     answ er redundant : same set of answers for

                         u

                                  H :- L1, ..., Li, Li+1, ..., Ln

                         u

                                  H :- L1, ..., Li, c, Li+1, ..., Ln

          u

                     advantage (for store C  in mode of usage)

                         u

                                  <L1,...,Li,c|C>  fails but not <L1,...,Li|C>

19

                                         Adding Redundant Cons.

                  The constraint N >= 1  added to the sum program

                  was answer redundant!

                  Another example sum(N,7) (new mode of usage)

                                                                                                        s u m N t r u e

S

                                     s u m N S N N S N N

S

                       s u m N S N N S N N

S

               s u m N S N N S N N

S

s u m N S N N S

( , ) |

                                                        ( ’ , ’ ) | ’ ’ ’ ’

                                          ( ’ ’ , ’ ’ ) | ’ ’ ’ ’ ’ ’ ’ ’

                                  ( ’ ’ ’ , ’ ’ ’ ) | ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’

                   ( ’ ’ ’ ’ , ’ ’ ’ ’ ) | ’ ’ ’ ’ ’ ’ ’ ’

7

8

1 6 0

8

2 4 2 0

8

3 1 3 0

8

4 3
ß

                                                                                                             = + Ù = - Ù ³

ß

                                                                                                      = + Ù = - Ù ³

ß

                                                                                                    = + Ù = - Ù ³

ß

                                                                                            = + Ù = - - Ù ³
4 0

N N

’ ’ ’ ’ ’ ’ ’ ’

20

                                         Adding Redundant Cons.

                            We know each sum of number is  non-negative

                  (S 9)  s um(0,  0).

                  (S 10)  s um(N,  S+N) :-

                                                                              N >= 1,  S >= 0, su m(N -1, S).

                                                                                                                s u m N t r u e

S

                                s u m N S N N S N N N

S

                 s u m N S N N S N N N

S

   s u m N S N N S N N N

S

f a l s e

( , ) |

                                                 ( ’ , ’ ) | ’ ’ ’ ’ ’

                                   ( ’ ’ , ’ ’ ) | ’ ’ ’ ’ ’ ’ ’ ’ ’ ’

                     ( ’ ’ ’ , ’ ’ ’ ) | ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ /

[ ] |

7

1 0

1 6 0 6

1 0

                                                                                                                       2 4 2 0 2

1 0

                                                                                                                  3 1 3 0 1 3

1 0
ß

                                                                                                  = + Ù = - Ù ³ Ù £

ß

                                                                                          = + Ù = - Ù ³ Ù £

ß

                                                                                 = + Ù = - Ù ³ Ù £

ß

21

                                         Solver Redunda nt C onstrain ts

                  u

                             solver redundant:  a prim itive con straint c

                             is solver redundant if it is implied by th e

                             cons traint store

                  u

                             advantages: if s olv er is partial can add extra

                             information  (failure)

                  u

                             F >= 1,  N >= 1, FF  = N*F, FF >= 1

22

                                       Solver Redunda nt E xample

            (F 1) fa c(N, F) :- N =  0 ,F = 1.

            (F 2)  fac (N,  F F) :- N >= 1 ,  N1 = N - 1 ,

                                              FF = N * F, fa c(N , F).

            Goal fac(N,7)  runs forever like sum(N,7).

            (F 3) fa c(N, F) :- N =  0 ,F = 1.

            (F 4) fa c(N, FF) :- N >=  1,   N1 = N - 1,

                                              FF = N * F, F >= 1, fac(N,  F ).

              Goal fac(N,7)  still runs forever !

23

                                       Solver Redunda nt E xample

                                                                                                                     f a c N t r u e

F

                                                                   f a c N F F N N F

F

                                            f a c N F F N N N F

F

                     f a c N F F N N N N F

F

f a c N F F N N N

( , ) |

                                                                              ( , ’ ) | ’ ’

                                                       ( , ’ ’ ) | ’ ’ ( ) ’ ’

                                ( , ’ " ’ ) | ’ " ’ ( ) ( ) ’ ’ ’

            ( , ’ ’ ’ ’ ) | ’ ’ ’ ’ ( )

7

4

                                                                                                  1 1 1 7

4

                                                                           2 1 2 7 1

4

                                                    3 1 3 7 1 2

4

                               4 1 4 7 1
ß

                                                                                            - ³ Ù ³ Ù =´

ß

                                                                     - ³ Ù ³ Ù = ´ -´

ß

                                             - ³ Ù ³ Ù = ´ - ´ -´

ß

                         - ³ Ù ³ Ù = ´ - ´ ( ) ( ) ’ ’ ’ ’
N N F

- ´ -´
2 3

              Given that F´´´´ >= 1  and N >= 4  then

                                                                           N N N N F

                                                                                      ´ - ´ - ´ -´

                                                                                              ( ) ( ) ( ) ’ ’ ’ ’

                                                                                                                     1 2 3

              must be at least 24. constraint is unsatisfiable not

              detected (partial solver)

24

                                       Solver Redunda nt E xample

                   (F 3) fa c(N, F) :- N =  0 ,F = 1.

                   (F 4) fa c(N, FF) :- N >=  1,   N1 = N - 1,

                                                     FF = N * F, FF  >= N , F >= 1,

                                                     fac (N, F).

                 Fix: add solver redundant constraint  N * F >= N

                 is implied by N >= 1, F >= 1

                 CAREFUL: 1 = N * F , 2 = N * F  succeeds,

                 therefore use the same name for each  N*F

                      Now the goal fac(N,7)  finitely fails

25

                                Mi nimization

          u

                     Minimizatio n literals cause another

                     derivation  tree to  be searched

          u

                     Need to understan d the form of th is tree

          u

                     minimize(G,E)

                                                                                                                      has mo de of u sag e the

                     same as
                                                                  E < m, G

          u

                     For ef ficient m inimization, ensure that G  is

                     efficient w hen E  is boun ded  above

26

                                Mi nimization Example

          Program which finds leafs and their level (depth)

          le af(no de(null,X ,n ull ),X,0).

          le af(no de(L,_,_) ,X ,D+ 1) :- lea f( L,X,D).

          le af(no de(_,_,R) ,X ,D+ 1) :- lea f( R,X,D).

                                                                                                                      h

j k
i
d

m

o p
n
l
e
b

f

s r
q r
g
c
a

Answers: X=h/\D=3

(h,3),(j,4),(k,4),(m,4),

(o,5),(p,5),(f,2),(s,4),

(t,4),(r,3)

27

                                Mi nimization Example

                                     Goal
                                                               mini miz e( leaf( t(a) ,X ,D), D)

:

                                     After finding X = h /\ D = 3 , acts like

                                     D < 3 l eaf( t( a) ,X,D )

, should never

                                     visit nodes below depth 3

                                                                                                                      h

j k
i
d

m

o p
n
l
e
b

f

s r
q r
g
c
a

                         D leaf t a X D true

                               leaf t a X D D

                           leaf t b X D D

                          leaf t d X D D

                           leaf t i X D D

                          leaf t k X D D

                                                         false

                               <

                                                          ß

                                                                                 <

                                                          ß

                                                                   - <

                                                          ß

                                                                   - <

                                                          ß

                                                                  - <

                                                          ß

                                                                   - <

                                                          ß

                                    3

                                                                                      3

                                                                        1 3

                                                                        2 3

                                                                       3 3

                                                                        4 3

                                       , ( ( ), , )|

                                          ( ( ), , )|

                                      ( ( ), , )|

                                      ( ( ), , )|

                                       ( ( ), , )|

                                      ( ( ), , )|

                                                  []|

28

                                        Mi nimization Example

                                   Improve
                                                                             le af

                                                                                                      for mode of usage D   bounded

                                   above: add an answer redundant constraint

le af(no de(null,X ,n ull ),X,0).

le af(no de(L,_,_) ,X ,D+ 1) :-

                              D >= 0,  leaf(L,X ,D ).

le af(no de(_,_,R) ,X ,D+ 1) :-

                              D >= 0,  leaf(R,X ,D ).

D leaf t a X D true

leaf t a X D D

leaf t b X D D D

leaf t d X D D D

false

<

ß

<

ß

- < Ù ³

ß

- < Ù ³

ß

3

3

1 3 1

2 3 2

, ( ( ), , )|

( ( ), , )|

( ( ), , )|

( ( ), , )|

[]|

29

                                        Mi nimization

                 u

                            The search may not always benefit from the

                            bou nds

                                u

                                          e.g.
                                                             mi nimiz e(leaf(t( a) ,X, D), -D)

                                u

                                          must still visit every node after finding one leaf

                                u

                                          arguably the original formulation is better since

                                          it involves less constraints

                 u

                            Key: remember the m ode of usage E<m, G

30

                                        Identifying Determini sm

                 u

                            CLP langu ages involve constructs so that

                            the user can identify deterministic code so

                            that the system can execute it eff iciently

                 u

                            if-then-else literals

                 u

                            once literals

31

                       If-Th en-Else

u

           if-then-else literal: ( Gtest
->

 Gth en
;

 Gelse )

u

           first test the goal Gtes t , if it succeeds

           execute Gthen  oth erwis e execute Gels e

u

           if-then-else derivation s tep : G1  is L1, L2,

           ..., Lm, w here L1  is (Gt -> Gn ; Ge)

               u

                        if  <Gt | C1> succeeds with leftmost successful

                        derivation <Gt | C1> => ... => < [] | C>

               u

                        C2 is  C, G2 is  Gn, L2, ..., Lm

               u

                        else  C2 is  C1, G2 is  Ge, L2, ..., Lm

32

                       If-Th en-Else Example

u

           ab s(X,Y ) :- (X > = 0, Y = X ; Y  =  -X).

u

           if X  is po s abs value is  X , otherwise -X

                                              abs A true

       X Y X Y X X A Y

                     Y X X A Y X

                                   X A Y X Y X

                                                         ( , )|

   ( ; )|

                                          |

               []|

                                                             4

                     0 4

                                           4 0

                     4 0

                                                                  ß

               ³ ® = = - = Ù =

                                                                  ß

                            = = Ù = Ù ³

                                                                  ß

                           = Ù = Ù ³ Ù =

X X A Y

X A Y X

³ = Ù =

ß

= Ù = Ù ³

0 4

4 0

|

[]|

abs A true

X Y X Y X X A Y

Y X X A Y X

X A Y X Y X

( , )|

( ; )|

|

[]|

-

ß

³ ® = = - - = Ù =

ß

= - - = Ù = Ù ³

ß

- = Ù = Ù ³ Ù = -

4

0 4

4 0

4 0

                                          X X A Y

                                                                    false

                                                 ³ - = Ù =

                                                                    ß

                                                      0 4

                                                         |

                                                            []|

33

                       If-Th en-Else Example

u

           What happens to the goals

               u

                        ab s(X,2 ), X < 0

                                                                                                                    and
X < 0,
ab s(X,2 )

                    fails ?!                           succeeds X = -2  ?

  DAN GERS

                 ¯
                         answers strongly depend on mode of usage

                 ¯  only the first answer of the test goal is used

34

                              If-Th en-Else Examples

fa r_eq( X,Y) :- ( ap art (X,Y,4)->  t rue ; X = Y).

ap art(X ,Y,D) :- X >= Y + D.

ap art(X ,Y,D) :- Y >= X + D.

   X  and Y  are equal or at least 4 apart

   ¯
          fa r_eq( 1,6)

                                                                            succeeds,
far_eq(1,3)

 fails

   ¯
          fa r_eq( 1,Y), Y =  6
fails

   ¯ WHY ? test goal commits to first answer X >= Y + 4

35

                              If-Th en-Else

        u

                   safe usage : the m ode of usage makes  all

                   variables in Gtes t  fixed

        u

                   example: s afe when N  an d P0  fixed

                         cu mul_p red([],_, P, P).

                         cu mul_p red([N|Ns ], D,P 0,P) :-

                                                       (m ember (N,P0) ->

                                                                                     P1  = P0

                                                       ;

                                                                                     pr ed(N, D,[N|P0], P1 )

                                                       ),

                                                       cu mul_p red(Ns,D, P1 ,P) .

36

                              Once

        u

                   once  literal: once( G )

        u

                   find only the first solution  for G

        u

                   once derivat ion step : G1  is L1, L2, ..., Lm,

                   where L1  is once( G )

                       u

                                if  <G | C1> succeeds with leftmost successful

                                derivation <G | C1> => ... => < [] | C>

                       u

                                C2 is  C, G2 is  L2, ..., Lm

                       u

                                else  C2 is  fals e, G2 is  []

37

                       Once Example

u

           Sometimes all answers are equivalent

u

           example: intersection

u

u

u

           intersect([a,b ,e,g,h],[b,e,f,g,,i]) 72 states

u

u

u

           18 states

                    in terse ct(L1,L2)  : -

                                                  me mber( X,L1), me mb er( X,L2).

                    in terse ct(L1,L2)  : -

                                                  on ce(me mber(X,L1 ),  me mber(X,L2 )) .

38

                       Brid ge Building Example

u

           AIM: build 2 dimens ional spaghetti bridges

u

           Approach: first b uild a program to  analyze

           br idges, then u se it cons train designs

                                                                                    fixed join

                                                                                    floating join

                                         (0,0) (6,0)

                                                                      a
d

                                                                                                               c
d
g

                                                                                          b f

39

                       Brid ge Building Example

u

           Constraints:

               u

                        20cm of struts,

               u

                        strut of length L can sustain any stretch, only

                        0.5*(6-L)N compression,

               u

                        floating joins can sustain any stretch, only

                        2Ncompression, sum of forces at a floating join

                        is zero, once join in the center, at least 3

                        incident struts to a join, except center join

                        which needs 2

40

                       Representing Bridges

u

           list of joins

               u

                        cjoin(x,y,l)  (xy coords, list of incident struts)

               u

                        join(x,y,l)

u

           list of stru ts: strut(n,x1,y1,x2,y2) name and

           coor ds of endp oints

u

           analysis of  the bridge will create an

           as sociation list of stretching forces in each

           stru t f(n,f)

41

                       Representing Bridges

                                         (0, 0) (6, 0)

                                                                      a
d

                                                                                                              c
d
g

                                                                                          b f

  js = [join(2,1,[a,c,d]), join(4,1,[d,e,g]),

                                cjoin(3,-1,[b,c,e,f])]

  ss = [strut(a,0,0,2,1), strut(b,1,0,3,-1), strut(c,2,1,3,-1),

                                strut(d,2,1,4,1), strut(e,3,-1,4,1),

                                strut(g,4,1,6,0)]

42

                       Strut Co nstra ints

st rutc( [],[],0).

st rutc( [strut(N, X1 ,Y1 ,X2,Y2)|S s] ,

                                [f(N, F)              |Fs], T L) :-

                              L = sqr t((X1-X2) *( X1- X2)+

                                                                (Y1 -Y2)*(Y1- Y2 )),

     F >= -0.5 *  ( 6 -  L),

                              TL  = L + RL,

                              st rutc( Ss, Fs, R L) .

Builds force association list, calculates total length,

asserts max compression force

43

                       Strut Co nstra ints

u

           Giv en a fixed list of struts wo rks  well

u

           Like s um total len gth on ly causes  failure at

           end

               u

                        FIX add answer redundant constraint RL >= 0

u

           If the coo rds of the stru ts are not fixed

           length calculation is non -linear (in complete)

               u

                        (partial) FIX add solver redundant constraints

                        (linear approximation)

          L X X L X X L Y Y L Y Y

                   ³ - Ù ³ - Ù ³ - Ù ³ -
                                    1 2 2 1 1 2 2 1

44

                       Summing Forces

su mf([] ,_,_,_,0, 0) .

su mf([N |Ns],X,Y, Ss ,Fs ,SFX,SFY)  : -

                              me mber( strut(N,X 1, Y1, X2,Y2),Ss ),

                              en d(X1, Y1,X2,Y2, X, Y,X 0,Y0),

                              me mber( f(N,F),Fs ),  F <= 2,

                              L = sqr t((X1-X2) *( X1- X2)+

                                                                (Y1 -Y2)*(Y1- Y2 )),

     FX  = F*(X-X 0) /L,  FY = F*( Y- Y0)/L,

                              SF X = F X+RFX, SF Y = F Y+RFY,

                              su mf(Ns ,X,Y,Ss,F s, RFX ,RFY).

en d(X,Y ,X0,Y0,X, Y, X0, Y0).

en d(X0, Y0,X,Y,X, Y, X0, Y0).

45

                       Join Co nstraints

jo inc([ ],_,_,_).

jo inc([ J|Js],Ss, Fs ,W)  :-

                              on ejoin (J,Ss,Fs, W) .

                              jo inc(J s,Ss,Fs,W ).

on ejoin (cjoin(X, Y, Ns) ,Ss,Fs,W)  : -

                              Ns  = [_ ,_|_],

                              su mf(Ns ,X,Y,Ss,F s, 0,W ).

on ejoin (join(X,Y ,N s), Ss,Fs,W) :-

                              Ns  = [_ ,_,_|_],

                              su mf(Ns ,X,Y,Ss,F s, 0,0 ).

  Apply minimum incident struts and sum forces cons.

46

                       Join Co nstraints

u

           Giv en a fixed list of struts for each join,

           works  well

u

           non -deterministic because o f
en d
although

           there is only  one answer

u

           hence use inside once

47

                       Brid ge Analysis

u

           For th e illustrated bridge

               TL  <= 2 0,

               st rutc( ss,Fs,TL) ,

               on ce(jo inc(js,ss ,F s,W ).

u

           Answer is W <=  2.63

48

                       Brid ge Design

u

           st rutc

                                                and
                                                                         joinc

                                                                                                       require the topology to be

           kno wn to av oid in finite deriv ations

u

           too  many topologies to search all

u

           one approach us er defines topology

           tp l(Js, Ss,Vs)

                                                                                          where Vs are the coo rdinate

           variables

u

           system per forms minimization search

49

                       Brid ge Design

u

           Unfortunately co nstraints ar e nonlinear so

           minimization go al will not work

u

           ins tead add ex plicit sear ch  to minim ize on

           which fixes  all coordinates

               tp l(Js, Ss,Vs), T L <= 20,

               st rutc( Ss,Fs,TL) ,

               on ce(jo inc(Js,Ss ,F s,W )),

               mi nimiz e(positio n( Vs) , -W).

u

           Answer W=6.15 /\ Vs=[2 ,2,5,1,3,3]

50

                       Brid ge Design

u

           In teger coordinates are very restrictive

u

           Id ea: use local search to improve th e d esign

               u

                        find an optimal (integer) solution

               u

                        try moving coordinate + or - 0.5 for better sol

               u

                        if so then try +/- 0.25 etc. until solution doesnt

                        improve very much

u

           Bes t local s earch answer

               u

                        W=6.64 /\ Vs=[2.125,2.625,3.875,2.635,3,3.75 ]

51

                       Controlling S ea rch  Summary

u

           Efficiency is measured as size of derivation

           tree

u

           Depends on  the m ode of usage of predicates

u

           Change s ize and shape by reordering literals

           and rules (d oesnt change answers)

u

           Add redund an t constraints to p rune

           br anches (doesnt change an swers)

u

           Use if -then-els e an d once to  identify sub-

           computations which do nt need backtracking