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Evolution in profiling/visualistion for constraint programming

We are...
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here?
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A bit of history (definitely NOT exhaustive)
Early days...




Grace: 1995 for ECLiPSe - interactive and variable focused

- Execution/display control
Control menu Compares executions play
select
choice = = -
QG5:123 i variable 7| Grace Control Panel - QG5
lookahead [ 2 | 3 4 5 | s | 7 8 9 10 n |
Domain Dp Variable Ste Break 123
propagate 4810 |9 2,810 (2,810 (2,810 (2,810 (2,47 |1 2,48 3 i CETLETE] T =l
list constraints 2 4.8 3,5,7.11 [3,4,6,8.113,5,7.11 [3,4,6,8.113.7,9,11 [3.7 3.8,11 |1 1 312: 1.6 Stepw | Attach I 312
- 4.8 3 811 811 811 811  [47,11 |10 1 2 2 312: 117 — - 23
# no breakpoints 3,5,6,8.116,8,11 |4 2,3,8,10 (2,3,8,10 |1 2,3,5,6,9,2,3,6  [2,3,5,6,87 3 123:3.10
- sto i 4 231: 111 Display... | Print
p when modified |3.6.11 7,811 |1 5 2,3,8,10 [2,3,8,10 [2,3,6,7,9,2,3,7 [2,3,6.8,1i4 5 12307
. Exit
~stop when ground |347-11 4811 [2,3,810 |1 6 2,3,8,10 [2.4,7,9,112.4 2.4,7,8,115 _
oo, 3.5,8.11 |5,8,11 [2,3,8,10 (2,3,8,10 |1 7 2.5,9,11 [2,3,5 (25,811 |6 Status: Stopped
82,47 [3.7,011 47,11 2,3,5,7,9/2.4,6,9,112,3,5,7,9/2.4,6,9,118 1 2.7 10 Backtracks: 8  Solutions: 0
911 3.7 10 2,3 2,3 2,3 9 2,47 8 ' -
102,4.8 3.8,11 |1 2,3,5,7,8)2.4,6,8,112,3,5,7,8/2.4,6,8,1] 2,4.7 10 9 | Expressions Display
3 - 2 S z g 2 2 prodl: - 3,57.11)+ 45

- 1+4*a24: +4* 3,5, 7.11|+ 1

Domain: 1..3,5..8,10,11 Size:

Element Contents

a24vald: 3,5,7.11)+9)

9

Var domain 2D variable matrix  Variables being explored Selected terms/expressions
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Explorer: 1997 for Oz - practical, interactive and search tree focused

User-defined
display procedures

Oz Explorer

Explorer Move Search HNodes Hide Options

v

©) ©) © ©) @

alice bert chris — deb — evan

Double-click to
explore node

S [=] B3

g— |
T

:Ie Scale the tree

a Textual or
Collapsed trees W .
g . user-defined
= = visualisation
Basic stats ﬁ Time: 12.79s (16%c) @ 10693 ¢ 6 M 10688  Depth: 20 for node info
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DISCIiPI project: 1996-1999
Debugging Systems for Constraint Programming
(an explosion of tools)




For CHIP — interactive, variable and constraint focused

Phase line a -

display

é Variable

update view

Constraint
incidence ===p

matrix

" = e Domain

Tree view (Oz inspired) = =fm==sss = state view
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For CHIP — dedicated support for global constraints

cumull BEER|  dittn M= 3 p— [ ToIX]

4|
o M m m s s w0 s g0
110 B r A
w T [ 0 10 20 30 40 50 60 7O 80 80 100 10 120 130 140 150 1
20 - '
80 -
7

|

Cumulative constraint

Different views of a diffn constraint @ Cycle constraint
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APT for CLP - interactive, decoupled & execution focused

Parallel
execution trees

focusing on

== time or events

And-Or

$ execution

tree

iso{woid, woid).
iso{t (R, Il1l, D1}, ?(R, T2, D2)):=

ieetbi, B €~ Source code

[ qu2.8.vt ][ OR-Parallelism
Done drawing... You can Feduce, Expand, or re-Load
IFile CPU Zoom Workers Icons Labels Scaling Print Quit
S .......
ot 1 _Ié
1so(t(va1|,.1'1“ ,void ), t(2 ,TZ. ,t(3,void , void )))
\/ ,som’c.;), VR T SV . s Variable Z
12 i d 1 ] .
2 update view PE—
& J%
V3 H
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VIFID/TRIFID for CLP — domain and constraint focused

O
G Constraint

graph

) Domain
e comparison Domain
for a given size ==
MEESE constraint evolution
Horizontal VSh\“,w_:,m(\‘;’G)v v v v ¢
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OADymPPaC project: 2000-2004
Tools for dynamic analysis and debugging of CP

(the value of generic protocols)




GenTra4CP: a generic tracer format for finite domain solvers

GNU-Prolog
Propagation
Tracer INRIA
(Codeine) PAVOT
(CLPGUI)
Choco
Tracer
ILOG
Discovery
PalLM
Tracer
EMN
Mescaline |, VISADIJ
Tracer
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CLP(FD) visualiser via on-the-fly analysis of low-level trace events

Iv’ FF middle rriddle (valuefvarighle)
2 =]

AIHIB - AHHC  A#HD
B#HC BH#ID CHID
A+1#B A-1#HB
A+21C A-2##C
A+3HD A-3#HD
B+1/##C  B-1##C  B+2##D
B-2##D  C+1##D  C-1##D

@ @ o
Variables
B#=3 \ Bit=4 Bi=1 \ B#=2
D->2 B->4 B->1 B->2
c>4 || D>3 c>3 || D>3
B>l || C>q D>[] || C>1] Time

Programmable views including tree (dot) , 3D variable (C+VRML) and search (ILOG Esieve)
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Incremental 3D domain ====p "
tree

Solution view é

3D tree

Dual tree ﬁ
14 |




OPL Studio: 2001 for ILOG - interactive tree, domain & propagation focused

arch ree m Propagation Events Variables
Xz
B - i . — rbRabbits | rbPheasants | S 7 5 3 s i
[s| ® ChoicePaints: 15  # Failures: 13 Solutions: 3 & P » | [ | File Edit View| Project Execution Debug Opfions Window Help =181 ]|
=3 Post heads 20 = rbRabbits + nbPheasants :
219 ovents . oo e Bxedu
— | Set Ma 20 rbRabbits ‘nbRabbits[0. 20] ‘ | A
eff.: 63.25% e 28 st bPhessani0. 20 | BB E N b
FE Var In Process nbRabbits x|+ x| 4] a
3§, Process Demon heads 20 == rbfabbil + rbPheasarts (2@ .\ \OPLSt35\exa | [ Iy | ® ChoicePoints: 11 @ Failues: 7 Solutions: 3 || var int open
@ | [ VarIn Process nbPheasants TR — var Warehouse
E 5 Postlegs: 56 == #nbRabbits + 2nbPheasants fie) L4 Al var int cost[
F [ 3 Propagate egs: 56 == drbRabbis + ZnbPheasants warehouse. dat
[ Set Min 4 nbRabbits nbRabbits4..20] minimize
et Max 14 nbRabbits * sum(s i
F&1 VarIn Process nbRabbits .
/ ~N {38 Piocess Deman legs: 56 == 4-rbFiabbits + 2 nbPheasants i sub;]:ect1§? <
63 9§/ Process Demon heads 20 == nbRabbits + nbPheasants pha ts 1
/ /\ = Set Min 6 nbPheasanis rbPheasanis[6. 20] = ul’i [s]
/ / L Set Mar 16 nbPheasants orall(s
\ FE Vit In Process nbPheasants open[su
/ 234 evenb FE1 3§ Frocess Demon legs: 56 == #nbRabbils + ZnbPheasants forall(w i
/ | Set Min 6 nbiabbits nbRabbits[6..14] sum(s i
/ L Set Max 11 nbRabbits
[7S§ Process Demon heads 20 - nbAsb heasants L 2 b
\ [ SetMin 9 rbPheasarts i nbPheasants[s. 16]
— e T vaneante . L search {

forall(s i

Propagation spy

L
£k

Solution with Objective Value: 418

Solution with Objective Value: 404
Solution with Objective Value: 385

supplier[1] = Bordeaus
2]--->tryall( w in \Warehouses)
[3]--->supplier[2] = Rome
[3]--->tryall{ w in Warehouses)
[4]--->supplier[3] = Bonn
[4]--->tryall{ w in Warehouses)
[S]--->supplier[4] = Rome
[S]--->tryall{ w in Warehouses)
&l--->supplier[S] = Bordeausx

Tree view
(can collapse)

Xmas tree

Optirnization | Log [ Sl
[\ oLt examy

s0le \ Solutions

Choice stack
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Similar tools being developed for SAT and Local Search
(different purpose/insights)




SATGraf for SAT: visualisation of the incidence-graph structure and evolution

Two different time points

Two different problems

@ MONASH
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DPVis for SAT - visualising the constraint graph, its evolution & search tree

Search trees for
several problems

Instance #Vars #Clauses #TLAs #TLA/M#Vars

longmult1 631 1611 151 23.93%

. 1 % uuf50-0125 50 218 13 26.00%
Constralnt graph Stats Comparlson $5a2670-141-d7 753 1619 336 44.62%
bw_large.b-d8 889 9949 233 26.21%
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For CBLS: constraint violations, conflicts and evolution focused

2501048 4 0
- k1157 |8 10| 1|6 |10|a|8
o s |10]nf7]6|12]|13]2 59'4 n|4 N
— «lufes 6 2|ofw[3]s|n|7]|e[1]s]s
ks 9|61 a s|ufale]s zlw 10[711]a
wfa|3 10 a[s|o]e]7]s|13|7]s]z2|n
| 2]s s|al7]als 4|||z uls‘xulol
wls 13|67 |7 [1n]n]e 1z|n|9 2|3|9|

Constraint ululo T [uls

& variable

violations

Variable .
evolution

Evolution
of knapsack
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Towards lightweight, practical, generic tools




CP-VIZ: 2010 for ECIiPSe & SICStus: generic, lightweight and versatile

Program + Annotation Tree Display Failure Level Failure Causes
CP Solver ) o o
Search Tree Log Constraint and Variable Log " =
cnwz\\\\\\\\\ﬂ el
Treemap Statistics ?“‘1’
\ N L
‘ Browser | | Batch | CP-VIZTool
Annotated Image & - W
B «aW np»ia| . .
e — = Different search tree views
- :H oe—
= AR AN ESEASEERen A
6 Customised  mmmmrEREEEEEEEIIEETIITL invariant checki
L | € |nvariant checkin
: globals d— g
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What had we learned?




Lessons learned: it is good to be ....

Generic: not tightly coupled to any solver
Lightweight: only require small changes to any solver
Versatile: provide interface to other visualisation tools
Intuitive: clearly visualise what you mean to

Built-in: not everything must be user-defined
Efficient

Open source

CP-VIZ is most of these, so why is not shipped with every solver?
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The following is not just my work! It is mostly the work of...

&

Kevin Leo Chris Mears Guido Tack

Maxifh Shishm‘arexilv Mark Wallace
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What are we missing? Programming in the large

= Since: * Need:

— Most tools work well for — Visualisations that can be
small problems (many meaningful with scale
developed for education) — Focus the user’s attention

— Visual insight is hard for to on the interesting parts
Ks of variables, constraints, — Automatically find these
and Ms of search nodes interesting parts (statistical

markers)

MONASH MONASH
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Example: pixel-trees — they scale on time and easily show solution density

| G Solutions (light green)
found after lots of search

Other time-related info
can be shown together

e Visual patterns might
indicate some property
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Example: shape analysis to automatically focus attention

@ @ cP-Profiler

Similarity Type: |shape 2| [[] Keep subsumed Labels: | Ignore 2| & Hide not selected
hight count  size
23 2 36274
22 2 38349
22 2 25084
22 2 26397
22 2 2499%4
22 2 37929
22 2 26180
21 2 28243
21 5 36174
21 3 24944
21 2 25599
21 2 28324
21 2 37098
21 2 26220
20 5 28193
20 5 26207
20 2 25459
20 5 26080
20 2 35852
20 2 35852
20 2 27207
20 2 27207
20 5 37829
20 2 25756
20 2 36316
20 6 36124
20 6 24894
20 2 24152
20 2 25919
20 2 271151
19 6 37779
19 6 26030
19 2 35746
19 6 26157 -

rpg([3,11]=4 rpg[3,12]=8 rpg[3,13]!=11 rpg[3,13]=12 rpg[3,17]!=9 | rpg[3,11]!=4 fa[3,11]=5 rpg[3,12]!=8 rpg[3,12]=9 rpg[3,13]=11 rpg[3,14]=17

min height |2 . mincount |2 . sort by: |height 2| histogram: |size =

Location of shapes within search tree

Histogram of “similar shape analysis” by size
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Example: statistical markers to automatically focus attention

[

l il
i
:

Effective versus ineffective backjumping
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What are we missing? Comparing the execution after model changes

= Since:
— Most tools focus on a
single execution

— This does not help the
iterative development
process

@ MONASH
University

= Need:

— Visualisations that can
meaningfully compare
several executions

— Focus the user’s attention
to on the modified parts

MONASH
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Example: comparing two executions of the same model via tree merging

Node Analysis

1 2

w

w
) w w w w w
w w w w w

_ )
_YI21ogaiiSl=5— Y11= Mlll'
o = ° A.. @ “9
) -o .o o. 2 .0 A e '
o.o -.o -.o Ao ¢ S -.0 s @ o A(:.:::.\’::;.?i‘ : .::..\ 1
.o. o.o 0.- 0.- -.o -.o o. A Ao 0 5 @ 60', ® ‘)'
% ‘A% . P OAA AO A *
. sahh N
A ‘A
e 0' ’
® A
Done in Os ﬁ”l
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Merged trees
and stats on
divergence
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Example: replaying a model’s search with a different solver

-
eees ¥ o e o o o =) o LR
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e0%0 o o e o 0 OA @ AQAA 3
e%0 o o © .A. ° A o A. @
00 o o LA L 1 o A < © e
e00 o A 8] ® "o ° A a o o
LL R AL L X ® "o "o AO k) o
.0 [e] [s] e o £ ® "o e
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© @ e
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© o
o e
k3 <
o e
e e
e
e
e

Learning solver: ~2K failures
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e

Non-learning solver: ~18K failures
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0~ U= WN - W N =

=W N =

Comparing needs linking “same” vars and constraints across executions

o)

° a.mzn

predicate f(int: k) =

let { var int: x_} in h(x,

k);

predicate h(var int: x1, int: x2) /I“ N

)

$ b.mzn

include "a.mzn";

predicate g(int:

constraint g (4
var 1..3: z;

’

j

/l/ 13

/\ E( j+l

-
=

-
Srmmm="

constraint forall (i in 1b(z f(i));
$ b.fzn 1 |% b.fzn with paths
var 1..3: z; 2 |var 1..3: z; [b:7.10-11
var int: i0; 3 |var int: i0; (b:6.12-15]b:4.22-25]a:2.38-39]
var int: il; 4 |var int: il; (b:6.12-15[b:4.30-35]a:2.38-39]
var int: i2; 5 |var int: i2; (b:8.20-21]i=1]b:8.34-37]a:2.38-39]
var int: i3; 6 |var int: i3; (p:8.20-21]i=2]b:8.34-37]a:2.38-39]
var int: i4; 7 |var int: i4; (b:8.20-21]i=3]b:8.34-37]a:2.38-39]
constraint 8 |constraint

h(i0,5) 9 h(i0,5)
/\ h(il,4) 10 /\ h(il, 4)
/\ h(iz2, 1) 11 /\ h(i2,1)
/\ h(i3,2) 12 | /\ h(i3,2)
/\ h(i4,3); |13 | /\ h(i4,3);
[ K
7y MONASH

“@®@ University

=l — f —let—12

forall - i=2 — f —let— i3

\i=3 — f —let —(i4)

forall - i=2 — f —let—1i2

. —let —(i3)

Same paths for variables named
differently by the compiler

32
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What are we missing? Supporting different searches and paradigms

= Since: * Need:

— Most tools focus on one — Visualisations that can
kind of search (mostly support all these searches
depth-first) and paradigms

— Nowadays we have parallel — And they can help
search, restarts, learning compare them
solvers, local search, LNS, — Focus the user’s attention
SAT, MIP to on the modified parts

MONASH MONASH
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Example: parallel searches, restarts and learning solvers

@)

Restart search

var(l] = 1

Parallel search

MONASH MONASH
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What are we missing? User testing

= Since: = Need:
— Most tools are designed by — Understand what
solver developers application users need
— Application users might — Develop possible solutions
require different kinds of — Test the solutions to see if
information they work for the users

MONASH MONASH
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Example: user-centred design process for visual profiling tools in CP

Questionnaire
32 Participants

Expertise

Background &

Practice

Reflection on

5 MCQ
4 0Q

Visual
Thinking

DOMAIN KNOWLEDGE
AQUISITION

4 MCQ

30Q

@ MONASH
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T1-5 ANALYSIS +
COMMON THEMES

REQUIREMENTS GATHERING

Creativity Workshop 70 Participants

Aspirations
What do you want to...

/r’70u, Do'?

?
+ what ne)\e'/

Barriers

Visualisation
Awareness +

Analogies / Wow!t

could be

O my data....

In the future we will ...

36

22 THEMES (grouped into)
6 ANALYTICAL TASKS:

[ oumrr |
Inspect Detail (5)
Compare (3)

Automate (3)

Prototypes

Modify (2)

Custom (2)

EXPLORATION

T2

T3

T

Design lterations

DISCOVERIES

MONASH
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Feedback Sessions 6 Participants

INFORMED DESIGN CHOICES
FOR IMPLEMENTATION




Example: Many visualisation alternatives, many findings, but more needed

'—Ja%\' Variables (count) apgedge(10,10] (max:14) merossings[10,10) (max:6) module[7,10] (max:42)
m B X_INTRODUCED mix (43) | . |
anm int (6) H B C
apgedge array (195) [ [ | H B
goal int (6)
mcrossings array (52) . . . . -
module array (466) [ ] Hn
numbercrossings int (3) | O EE [ [ ] ]
numberedges int (1) D
a2 ||
- % m — —
| e e = . — 2 o — | W W NN NN orrrrrorrrrrrrrmirrrrrrna
- - - - "
-
=} - - —
-
;~
R :
?
/
( ye
'
\ e
A /
B ’
" _/“
vogsa: copmieq pA oplsciING ASING
\ hod harad i
g s (I IM _WITIEE
MONAS H 1s2[gye: cojonsq ph oplsCpns AS|NG 8§ 20|NpoU buooy of objiwsmA beuoq
; - = =

Un|VerS|ty vg-lr ml-- ---- = =l = EHEE = B = H ] - e



What are we missing? Connecting back to the model

= Since: * Need:

— The ultimate goal is to — Connect the findings made
figure out how to modify during the execution to the
the model to improve it model variables and

— In CP the execution is constraints
quite far from the original — Again: connect variables
model: and constraints across

= Different variables, executions

constraints, expressions..
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Evolution in profiling/visualistion for constraint programming

We are...

here?
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Thanks for listening!




