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Motivation

E C L iP S e  atte m p ts  to s u p p or t th e  m os t c om m on te c h niq u e s  
u s e d  in s ol ving  C ons tr aint ( O p tim iz ation)  P r ob l e m s :

� C P  – C ons tr aint P r og r am m ing
� MP  – Math e m atic al  P r og r am m ing
� L S  – L oc al  S e ar c h
� and  c om b inations  of  th os e

E C L iP S e  is  b u il t ar ou nd  th e
C L P  ( C ons tr aint L og ic  P r og r am m ing )  p ar ad ig m
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H is to r y
– 1 9 9 5 E C R C  ( E u r o p e a n  C o m p u t e r  I n d u s t r y  R e s  C e n t r e )

First ECLiPSe release 1990, predecessors earlier
Log ic Prog ram m in g , datab ases, parallelism , f d+ set con strain ts
Sh ared roots w ith  CH I P sy stem

1 9 9 5  – 2 0 0 5 I C -P a r c ,  I m p e r i a l  C o l l e g e  L o n d o n
Focu s on  h y b rid con strain t solv in g , CH I C2  proj ect
M I P in teg ration , repair tech n iq u es, n ew  solv ers

1 9 9 9  – 2 0 0 4 P a r c T e c h n o l o g i e s  L t d ,  L o n d o n
A irlin e an d T elecom  produ ct dev elopm en t

2 0 0 4  – C i s c o  S y s t e m s
N etw ork in g  application s

2 0 0 6 O p e n -s o u r c e d  w w w . e c l i p s e -c l p . o r g
M oz illa-sty le licen ce
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W h a t is  E C L iP S e
A  Constraint Logic Programming s y s te m ,  c ons is ting  of  

� A  c or e engine
VM with data-dr iv e n  c o m p u tatio n ,  b ac k tr ac k in g ,  g ar b ag e  c o l l e c tio n

� A  c ollec t ion of  lib r a r ies
S o l v e r s ,  al g o r ithm s ,  s e ar c h m e tho ds ,  in te r f ac e s  to  thir d-p ar ty  s o l v e r s

� A  h igh -lev el m odelling a nd c ont r ol la ngu a ge
L o g ic  p r o g r am m in g  b as e d

� D ev elop m ent  env ir onm ent s  a nd t ools
S ar o s (E C L iP S e / e c l ip s e ),  T k E C L iP S e

� I nt er f a c es  f or  em b edding int o h os t  env ir onm ent s
J av a ,  C / C + + ,  T c l / T k

A  Constraint Logic Programming s y s te m ,  c ons is ting  of  

� A  c or e engine
VM with data-dr iv e n  c o m p u tatio n ,  b ac k tr ac k in g ,  g ar b ag e  c o l l e c tio n

� A  c ollec t ion of  lib r a r ies
S o l v e r s ,  al g o r ithm s ,  s e ar c h m e tho ds ,  in te r f ac e s  to  thir d-p ar ty  s o l v e r s

� A  h igh -lev el m odelling a nd c ont r ol la ngu a ge
L o g ic  p r o g r am m in g  b as e d

� D ev elop m ent  env ir onm ent s  a nd t ools
S ar o s (E C L iP S e / e c l ip s e ),  T k E C L iP S e

� I nt er f a c es  f or  em b edding int o h os t  env ir onm ent s
J av a ,  C / C + + ,  T c l / T k
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E C L iP S e A r c h itec tur e

E CLiPS e
runtime system
g l ue l a ng ua g e

P r o p ag atio n
S o l v e r s

S o l v e r
I n te r f ac e s

T e c hn iq u e s

P ar adig m s

H y b r idis atio n
f o r m s

D e v e l o p m e n t
s u p p o r t

F in ite  do m ain

C P L E X

B r an c h-an d-b o u n d

C H R

L in e ar  p r o b in g

x r e f

I n te r v al sS e tsG r ap hs

X p r e s s -MPC O I N / O RG ap

C o l u m n  g e n e r atio nG e n e r al is e d P r o pS B D D , S B D S

L o c al  S e ar c h

c o v e r ag edo c u m e n tte s tin g

G l o b al  c o n s tr ain ts
L ib ra riesL ib ra ries

L ib ra riesL ib ra ries

L ib ra riesL ib ra ries L ib ra riesL ib ra ries
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E C L iP S e  as  b l ac k  b ox  s ol ve r :
Flat Model, including instance data

model(Vars, O b j ) :-
Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,
A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,
A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,
O b j =  

1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .

≤ 5 0 0

≤ 30 0

≤ 4 0 0

20 0

10 0

4 0 0

30 0

10
89

7
5

11

5

3
5

10
8

7

P l a n t
c a p a c it y

Cl ien t
d em a n d

T r a n s p o r t a t io n
c o s t

A

B

C

D

1

2

3
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E C L iP S e  as  b l ac k  b ox  s ol ve r :
A p p ly ing Finite D om ain solv er
:- li b (i c ).
:- li b (b ran c h _ an d_ b ou n d).

solv e(Vars, C ost ) :-
model(Vars, O b j ),
C ost  # =  ev al(O b j ),
mi n i mi z e(searc h (Vars, 0 , f i rst _ f ai l, i n domai n _ sp li t , c omp let e, [ ] ), C ost ).

model(Vars, O b j ) :-
Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,
A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,
A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,
O b j =  

1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .

≤ 5 0 0

≤ 30 0

≤ 4 0 0

20 0

10 0

4 0 0

30 0

10
89

7
5

11

5

3
5

10
8

7

P l a n t
c a p a c it y

Cl ien t
d em a n d

T r a n s p o r t a t io n
c o s t

A

B

C

D

1

2

3

S p ec if y  lib r a r ies
S p ec if y  h eu r is t ic s
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E C L iP S e  as  b l ac k  b ox  s ol ve r :
A p p ly ing L P  solv er
:- li b (ep lex ).

solv e(Vars, C ost ) :-
model(Vars, O b j ),
ep lex _ solv er_ set u p (mi n (O b j )),
ep lex _ solv e(C ost ).

model(Vars, O b j ) :-
Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,
A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,
A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,
O b j =  

1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .

≤ 5 0 0

≤ 30 0

≤ 4 0 0

20 0
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4 0 0
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E C L iP S e L a ng ua g e - M o d elling
� L ogic  P r ogr a m m ing b a s ed

P r e dic ate s  o v e r  L o g ic al  Var iab l e s X  # >  Y ,   integ ers( [ X , Y ] )
D is j u n c tio n  v ia b ac k tr ac k in g X = 1  ;  X = 2
Me tap r o g r am m in g (e . g .  c o n s tr ain ts  as  data) C o nstra int =  ( X + Y )

� Modelling ex t ens ions
A r r ay s M [ I , J ]
S tr u c tu r e s ta sk { sta rt:S }
I te r atio n / Q u an tif ic atio n (  f o rea c h ( X , X s) d o  …)

� S olv er  a nnot a t ions
S o l v e r  l ib r ar ie s :- l ib ( ic ).
S o l v e r  q u al if ic atio n [ S o l v ers]  : C o nstra int

O ne la ngu a ge f or  m odelling,  s ea r c h ,  a nd s olv er  im p lem ent a t ion!
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S am p l e  Mod e l
G ener ic Model, no data
model(C a p a c i t i es ,  D ema n ds ,  D i s t s ,  V a r s ,  O b j ) : -

len g t h (C a p a c i t i es ,  N P ),
len g t h (D ema n ds ,  N C ),
ma t r i x (N P ,  N C ,  P la n t s ,  C li en t s ,  V a r s ),
V a r s : :  0 .0 ..i n f ,

( f or ea c h (C li en t ,  C li en t s ),  f or ea c h (D ema n d,  D ema n ds ) do
s u m(C li en t ) $ =  D ema n d

),
( f or ea c h (P la n t ,  P la n t s ),  f or ea c h (C a p a c i t y ,  C a p a c i t i es ) do

s u m(P la n t ) $ = <  C a p a c i t y
),
O b j =  (D i s t s *V a r s ).
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C o ns tr a int S o lv er  L ib r a r ies

PropagationG raph  re l ations  ( path ,  s c c ,  …)graph sgr a s p er

G l ob al ,  optim is ingL ine ar in/ e q u al itie sre al ,  inte ge replex

D om ain propagationD is / e q u al ity ,  al l d if f e re ntu nord e re d  s y m b ol ss d
B ou nd s / d om ain 
propagationD is / e q u al ity ,  ord e ring,  e l e m e nt,  …ord e re d  s y m b ol sic _ s y m b olic

Pas s iv e  te s tA rb itrary  arith m e tic  in/ d is / e q u al itie s  nu m e rics u s p end

S e t-b ou nd s  
propagation

S e t ope rations  ( s u b s e t,  c ard inal ity ,  
u nion,  …)s e t of  inte ge ric _ s et s

v ariou sanyI nh e rite dp r op ia

V iol ation m onitoringope nope nt ent a t iv e

B ou nd s / d om ain 
propagation

N-ary c ons traints  ov e r l is ts  of  
inte ge rsinte ge ric _ glob a l

B ou nd s / d om ain 
propagationA rb itrary  arith m e tic  in/ d is / e q u al itie sre al ,  inte ge ri c
D om ain propagationL ine ar in/ d is / e q u al itie s  and  s om e  

oth e rsinte ge r,  s y m b olf d

B eh a v iou rC ons t r a int s  c la s sV a r D om a insS olv er  L ib
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S ol ve r s
T h e  r e al / inte g e r  d om ain s ol ve r  l ib ( ic )
A  ve r y  g e ne r al  nu m e r ic  s ol ve r ,  b as e d  on inte r val  ar ith m e tic

� R e al -val u e d  var iab l e s
� I nte g r al ity is  a c ons tr aint
� I nf inite  d om ains  s u p p or te d
� S u b s u m e s  f inite  d om ain f u nc tional ity

N ot as  f as t as  s p e c ial is e d  F D  s ol ve r ,  b u t g e ne r al  and  g ood  
f or  h y b r id s .
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Mathematical Programming Interface “ep lex ”
Features supported by solvers

nonol i ne a r  p r ob l e m sa l l  p r ob l e m  t y p e sI nf e as ib il ity
inf orm ation ( I I S )

➼➼➼➼U s e r d e f ine d  
gl ob al  c u ts

➼➼➼➼C ol  G e n S u pport
➼➼➼➼Prob e

c os tl yc os tl y➼➼I nc re m e ntal  
c h ange s

s im pl e xs im pl e x ,  b arrie r*s im pl e x ,  b arrie rs im pl e x ,  b arrie r,  
ne tw ork  s im pl e x ,  
s if ting

s ol v ing m e th od s

L P,  M I PL P,  M I P,  Q P*L P, M I P, Q P, M I Q PL P, M I P, Q P, M I Q Pprob l e m  ty pe s

SYMPHONY/CLPCLP/CB CX PR E SSCPLE X

* interfaced via solver-sp ecific code
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E C L iP S e  as  G l u e  and  S c r ip ting  L ang u ag e

R ea l-lif e a p p lic a t ions  inv olv e m a ny  int egr a t ion t a s k s
� int egr a t ing m odels  in v a r iou s  f or m s
� int egr a t ing da t a  a nd deliv er ing r es u lt s

A nd a  lot  of  ex p er im ent a t ion-h ea v y  t a s k s
� s p ec if y ing s ea r c h  s t r a t egies
� s p ec if y ing h eu r is t ic s
� s p ec if y ing s olv er  int er a c t ion
� s p ec if y ing p r op a ga t ion b eh a v iou r

H ow  t o t a c k le t h es e t a s k s
� D o-I t -Y ou r s elf  in y ou r  f a v ou r it e la ngu a ge
� u s e a  la ngu a ge w it h  f ea t u r es  s u it ed t o t h e t a s k
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E C L iP S e L a ng ua g e f o r  S c r ip ting
� L o g ic a l  v a ria b l es (p r o b l e m  v ar iab l e s )

w i t h  m u l t i p l e  a t t r i b u t e s  ( d o m a i n ,  LP s o l u t i o n ,  r e d u c e d  c o s t s ,  t e n t a t i v e  v a l u e s ,  
v i o l a t i o n s ,  …)

� S ymb o l ic  ma nip ul a tio n (“m e ta-p r o g r am m in g ”)
t o  b u i l d  s y m b o l i c  c o n s t r a i n t s ,  p o s t ,  d e c o m p o s e ,  i n s p e c t ,  e t c

� S a f e a rith metic
u n l i m i t e d  p r e c i s i o n  i n t e g e r s  a n d  r a t i o n a l s ,  s a f e  f l o a t i n g  p o i n t  i n t e r v a l  a r i t h m e t i c

� S ea rc h  p ro g ra mming
o n  t o p  o f  b u i l t -i n  u n d o  ( b a c k t r a c k ) a n d  c o p y i n g  f a c i l i t i e s

� D a ta -d riv en c o mp uta tio n
f o r  c o n s t r a i n t  p r o p a g a t i o n ,  e x t e r n a l  s o l v e r  t r i g g e r i n g ,  v i s u a l i s a t i o n

� H ig h -l ev el  b uil d ing  b l o c k s
s o l v e r -i n d e p e n d e n t  b r a n c h -a n d -b o u n d ,  g e n e r a l i s e d  p r o p a g a t i o n ,  s p e c i f i c  

h y b r i d i s a t i o n  f o r m s
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E m b ed d ing  MiniZinc M o d els
� E m b ed d i n g  M i n i Z i n c s t r i n g s :

queens(N) : -
m z n_ r un_ st r ing (“
int :  n;
a r r a y  [1..n] o f  v a r 1..n:  q;
c o nst r a int  f o r a l l (i in 1..n, j in i+ 1..n)

( q[i] ! = q[j] /\ q[i]+ i ! = q[j]+ j /\ q[i]-i ! = q[j]-j );
so l v e sa t isf y ;

" ,
[n = N], %  p a r a m et er  m a p :  Z inc I d =E c l ip seV a l ue
f z n_ ic ). %  so l v er  m a p p ing  t o  use

� M o d el f i les ,  w i t h  pa r a m et er / v a r i a b le m a ppi n g :
queens(N, Q) : -

m z n_ l o a d (" n_ queens.m z n" , f z n_ ic , [n = N], [q = Q], _ S t a t e),
l a b el ing (Q).

� W o r k  w i t h  s y m b o li c  E C L i P S e-t er m  r epr es en t a t i o n  o f  M i n i Z i n c
[int : n, a r r a y ([1..n] o f  v a r (1..n)): q, c o nst r a int (f o r a l l (…),(…))]
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S e ar c h  S c r ip ting
E . g.  L im ited D iscr ep ancy  S ear ch

U ser-d ef ined  L D S  stra ig h tf o rw a rd  to  p ro g ra m:

l d s_ l a b el ing (A l l V a r s, M a x D isc ) : -
( f r o m t o (V a r s, V a r s, R est V a r s, []),

f r o m t o (M a x D isc , D isc , R em D isc , _ )
d o

sel ec t _ v a r ia b l e(X , V a r s, R est V a r s),
o nc e sel ec t _ v a l ue(X , V a l ue),
(

X  = V a l ue, R em D isc = D isc
;

D isc  >  0 , R em D isc is D isc -1, X  # \= V a l ue, ind o m a in(X )
)

).
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S e ar c h  S c r ip ting  
R estar t w ith  seeds, h eur istics, lim its
J o b s h o p ex a m p l e ( a p p r o x im a t io n  a l g o r it h m  b y  Ba p t is t e/ L eP a p e/ N u ij t en )

i n i t _ memory (M emory ),
b b _ mi n ((

( n o_ rememb ered_ v alu es(M emory ) ->
on c e b ln _ lab eli n g (c , R esou rc es, T ask s), %  f i n d a f i rst  solu t i on
rememb er_ v alu es(M emory , R esou rc es, P )

;
sc ale_ dow n (P , P L i mi t , P F ac t or, P rob ab i li t y ), %  w i t h  dec reasi n g  p rob ab i li t y
memb er(H eu ri st i c , H eu ri st i c s), %  t ry  sev eral h eu ri st i c s
rep eat (N ), %  sev eral t i mes
li mi t _ b ac k t rac k s(N B ), %  sp en di n g  li mi t ed ef f ort
i n st all_ some_ rememb ered_ v alu es(M emory , R esou rc es, P rob ab i li t y ),
b b _ mi n (

b ln _ lab eli n g (H eu ri st i c , R esou rc es, T ask s),
E n dD at e,
b b _ op t i on s{ st rat eg y :di c h ot omi c }

),
rememb er_ v alu es(M emory , R esou rc es, P rob ab i li t y )

)
),
E n dD at e, T ask s, T ask sS ol, E n dA p p rox ,
b b _ op t i on s{ st rat eg y :rest art }

).
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P r op ag ation S c r ip ting
A r c-consistency
A r c  c ons is te nc y  on top  of  w e ak e r  c ons is te nc y  ( e . g .  te s t,  

f or w ar d  c h e c k ing )

a c _ c on s t r (X s ) : -
(

w ea k _ c on s t r (X s ),
memb er (X ,  X s ),
i n doma i n (X ),
on c e la b eli n g (X s )

) i n f er s f d.

“G e n e r al is e d P r o p ag atio n ” o p e r ato r
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P r op ag ation S c r ip ting
S ingleton A r c-consistency
Si n g l e t o n  a r c  c o n s i s t e n c y  f r o m  a r c  c o n s i s t e n c y ,  o n  a  s u b p r o b l e m :

sa c _ c o nst r (X s) : -
(

a c _ c o nst r (< so m e X s> ), …, a c _ c o nst r (< so m e X s> ),
m em b er (X , X s),
ind o m a in(X )

) inf er s ic .

I f  p e r f o r m e d  o n  t h e  w h o l e  p r o b l e m ,  s i m p l e r  v a r i a n t : shaving
sh a v e(X s) : -

( f o r ea c h (X ,X s) d o
f ind a l l (X , ind o m a in(X ), V a l ues),
X  : :  V a l ues

).

Sh a v i n g  o f t e n  e f f e c t i v e  a s  a  p r e p r o c e s s i n g s t e p  b e f o r e  a c t u a l  s e a r c h .
E . g .  s u d o k u s o l v a b l e  w i t h  a c -a l l d i f f e r e n t a n d  s h a v i n g  – n o  d e e p  s e a r c h  n e e d e d  [ Si m o n i s ] .
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Op en S o ur c ing  E x p er ienc e

� H is t or ic a lly ,  E C L iP S e w a s  p r op r iet a r y  f r om  t h e s t a r t
� B u t  r es ea r c h  c ent r e c ou ldn’t  p r ov ide c om m er c ia l s u p p or t
� P a r ent / s p ons or  c om p a nies  didn’t  w a nt  t o s ell t ool a nd/ or  s u p p or t
� A c a dem ic  lic enc es ,  b u t  u p t a k e lim it ed b y  b u r ea u c r a c y
� A c a dem ic  lic enc es ,  b u t  no c om m er c ia l u p gr a de p a t h
� S m a ll u s er  b a s e w it h in p a r ent  c om p a nies ,  not  enou gh  t es t er s
� B u t :  ex c lu s iv it y  w a s  nev er t h eles s  c ons ider ed im p or t a nt  b y  s p in-ou t  

inv es t or s  a nd a c a dem ic  I P R  ex p loit a t ion ou t f it s
� I n r et r os p ec t ,  c om m u nit y  u p t a k e a nd r ep u t a t ion of  s y s t em  s u f f er ed
� P os s ib ly  a ls o nega t iv e c ons eq u enc es  f or  r ob u s t nes s  a nd f ea t u r e s et
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N o w  a nd  N ex t

� T ec h nic a l
I n te r f ac e  to  C O I N / O R  s o l v e r s  s til l  b e in g  p o l is he d an d e x te n de d
Min iZ in c l in k  r e c e n tl y  r e l e as e d
E C L iP S e  r e l e as e  6 . 0  f o r thc o m in g ,  in c l u de s  a n e w c o m p il e r
S ar o s de v e l o p m e n t e n v ir o n m e n t – r e l e as e d,  n e e ds  m an p o we r
N e w s o l v e r  in te r f ac e s  (Min iS at,  G e c o de ) p l an n e d

� O r ga nis a t iona l
C is c o  c o n tin u e s  s u p p o r t an d m ain te n an c e
2  ac ade m ic  c o l l ab o r atio n  p r o j e c ts  c u r r e n tl y  in  s e l e c tio n  p has e
W ide r  c o n tr ib u tio n s  s o u g ht
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E C L iP S e R es o ur c es

� O p e n-s ou r c e d  ( MP L )  b y  C is c o 9 / 2 0 0 6
S o u r c e s  an d b in ar ie s  o n  www. s o u r c e f o r g e . n e t/ e c l ip s e -c l p
P r o j e c t we b  s ite  www. e c l ip s e -c l p . o r g

� O p e n-s ou r c e  u s e r  c om m u nity
T r aditio n al l y  ac ade m ic  te ac hin g / r e s e ar c h
A u die n c e  wide n in g  s in c e  o p e n -s o u r c in g

� B ook
C ons t r a int  L ogic  P r ogr a m m ing u s ing E C L iP S e
K r z y s z to f  A p t &  Mar k  W al l ac e ,  C am b r idg e  U n iv e r s ity  P r e s s ,  2 0 0 6 .  


