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From Wikipedia, the free encyclopedia
(Redirected from Telephone game)
“Telephone game” redirects here. For the retired game from "The Price Is Right", see Telephone Game.

Chinese whispers or Telephone is a game in which each successive participant secretly
whispers to the next a phrase or sentence whispered to them by the preceding participant.

Curmulative errors from mishearing often result in the sentence heard by the last player differing e
greatly and amusingly from the one uttered by the first. It is most often played by children as a Age range:
party game or in the playground. It is often invoked as a metaphor for cumulative error, especially Setup time:
the inaccuracies of rumours.[) .
Playing time:

The game has many other names, including the telephone game, Broken Telephone,

operator, grapevine, whisper down the lane and Pass It Down. In the United States, o SRS

"Telephone” is the most comman name for the game.['! The name "Chinese whispers” reflects Skills required:

Chinese whispers

3 ormaore
5andup

< 4 minutes
5-14 minutes
Low

listening, whispering

the former stereotype in Europe of the Chinese language as being incomprehensible.lz] It is little-

how to play, without giving it a specific name.

Contents [hide]

1 How to play

2 Purpose

3 Examples of sequences
4 Other names

5 See also

6 References

How to play

used in the United States and may be considered offensive.*] However, it remains the common name in the United Kingdom and many
British-influenced countries, where it is not generally considered politically incorrect.* In practice the game is also referred to by describing
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Send reinforcements.
We're going to advance.







Send three and fourpence.
We're going to a dancel!




Quick Intro

A refresher

» Chronological Backtracking (BT)
» what's that then?
» when/why do we need i1?

Limited Discrepancy Search (lds)
* what's that then

Then the story ... how not to do it




An example problem (to show chronological backtracking (BT))

Colour each of the 5 nodes, such that if they are adjacent, they take different colours



A Tree Trace of BT (assume domain ordered {R,B,G})
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Could do better

Improvements:

> - when colouring a vertex with colour X

* remove X from the palette of adjacent vertices

. //—\
» when selecting a vertex to colour
* choose the vertex with the smallest palette
* Tie break on adjacency with uncoloured vertices

An inferencing step

A heuristic (Brelaz)

Conjecture: our heuristic is more reliable as we get deeper |
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Limited Discrepancy Search (LDS)
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1269 University of Oregon
Eugene, Oregon 97403
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ginsberg@cs.uoregon.edu

Abstract

Many problems of practical interest can be
solved using tree search methods because care-
fully tuned successor ordering heuristics guide
the search toward regions of the space that are
likely to contain solutions. For some problems,
the heuristics often lead directly to a solution—
but not always. Limited discrepancy search ad-
dresses the problem of what to do when the
heuristics fail.

Our intuition is that a failing heuristic might

well have succeeded if it were not for a small

number of “wrong turns” along the way. For a

binary tree of height d, there are only d ways
Ao 1a 1 4

4L 1. - 1- -

the next section, we discuss existing algorithms. Lim-
ited discrepancy search (LDS) is introduced in Section 3
and compared to existing techniques in Section 4. We
discuss variations of LDs that we believe will be useful
for solving realistic problems in Section 5. We conclude
by presenting our experimental results in Section 6.

2 Existing Strategies

Consider a tree search problem for which the succes-
sor ordering heuristic is so good that it almost always
leads directly to a solution. Such problems are com-
mon both in practice and in areas of Al research such
as planning and scheduling [Smith and Cheng, 1993;
Wilkins, 1988]. If the heuristic is good enough, one might

LR | 1 I | | i
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ysis of mlstakes provides an expla.na.tlon [Harvey, 1995]
There is a reasonable chance that, somewhere early in
1-samp’s path, it made a mistake by selecting a succes-
sor that had no goal nodes in the entire subtree below it.
Once this early mistake is made and the successor’s sub-
tree i1s committed to, none of the subsequent decisions
makes any difference.

If the subtree below a mistake is large, chronological
backtracking will spend all of the allowed run time ex-

lozing t] | ] , :

last decision that actually matters. If one is counting on
the heuristics to find a goal node in a small fraction of
the search space, then chronological backtracking puts a
tremendous burden on the heuristics early in the search
and a relatively light burden on the heuristics deep in the
search. Unfortunately, for many problems the heuristics
are least reliable early in the search, before making de-
cisions that reduce the problem to a size for which the
heuristics become reliable. Because of the uneven re-
liance on the heuristics, it is unlikely that chronological
backtracking is making the best use of the heuristic in-
formation.

Motivation for Ids

7 if result # NIL re "

8 return LDS-PRc
LDS(node)

1 for z « 0 to maximu

2 result +— LDS-Pr

3 if result # NIL re

4 return NIL

Figure 1: Limited I

reaches d, the maximum deg
pearches the entire tree exh
s guaranteed to find a goe
guaranteed to terminate if t
Since each iteration of L.
per of discrepancies to @ inst
o those nodes with exactly
reexamines the nodes consic
see Figure 2). As with othe

<
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X n ® n
Motivation for LDS
Figure 3: The four possibilities for a node and its chil-

Iteration 1 dren.

P2 In order to simplify our analyses, we will assume that p
f is constant as well, although the experimental evidence
is that p tends to increase somewhat as we search the

1 2 3 4 tree because most heuristics are more accurate at deep
nodes than at shallow ones.
Iteration 2 1

Q Q p ® o depth d (i.e., using isamp) is simply (1 — m)%. Using

k ® g 3 é heuristics and assuming a constant p, 1-samp has prob-

< f f < f ability p? of finding a solution on its one and only path.
5 6 7 8 9 10 11

This observation allows us to estimate p by running 1-
samp on alarge training set of problems from the domain
of interest. Let s be the success rate of 1-samp on the

. training set. Since the probability of success for 1-samp
Iteration 3 is p%, we have p = s'/9. If s is small, the training set may
Q Q Q o o e have to be impractically large to get a reliable estimate.

B ] ® g J 8 For some problems, though, s is not small. Heuristics de-
j'l { f j < j’ veloped for job shop scheduling have been shown to yield
a probability s that is nearly one for small research prob-

13 14 15 16 17 18 19

lems [Smith and Cheng, 1993]. We have found in earlier
experimental work on the same problems [Harvey, 1994]

< (B2
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Limited Discrepancy Search

LDS

- show the search process

- assume binary branching

- assume we have 4 variables only

- assume variables have 2 values each



Limited Discrepancy Search (LDS) Ginsberg & Harvey

Take no discrepancies (go with the heuristic, go leftl)
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Now take 2 discrepancies
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Take 2 discrepancies
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First proposal

(>

be effective.’ LDS-PROBE(node, k)

if GOAL-P(node) return node

s « SUCCESSORS(node)

if NULL-P(s) return NIL

if K = 0 return LDS-PrOBE(FIRST(s), 0)

else L
result «— LDS-PROBE(SECOND(s), k— 1)
if result # NIL return result
return LDS-PrROBE(FIRST(s), k)

1ply to backtrack
r experiments in
s approach pro-
elf, and the anal-
n [Harvey, 1995].
newhere early in
zlecting a succes-
subtree be,low it. LDS (node)
> successor’s sub-

sequent decisions

O~ O Tt W=

1 for z « 0 to maximum depth

2 result «— LDS-PROBE(node, z)
3 if result # NIL return result
|

ge, chronological return NIL

ved run time ex-

' returning to the For discrepancies O to n

ne is counting on . o .

small fraction of Figure 1: Limited Discrepancy Search. 2
< | &
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ﬁe: harvey35limited

o \ First proposal

(>

LDS-ProBE(node, k)

O~ O Tt W=

if GOAL-P(node) return node

s « SUCCESSORS(node)

if NULL-P(s) return NIL

if K = 0 return LDS-PrOBE(FIRST(s), 0)

else L
result «— LDS-PROBE(SECOND(s), k— 1)
if result # NIL return result
return LDS-PrROBE(FIRST(s), k)

LDS(node)

1

2
3
4

‘4 start Z€ 6T -

for r «+ 0 to maximum depth
result «— LDS-PROBE(node, z)
if result # NIL return result
return NIL

For discrepancies O to n

Figure 1: Limited Discrepancy Search.
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™1k is remaining discrepancies

LDS-ProBE(node, k)

O~ O Tt W=

(>

\ First proposal

Go with heuristic

if GOAL-P(node) return node
s « SUCCESSORS(node)
if NULL-P(s) return NIL
if K = 0 return LDS-PrOBE(FIRST(s), 0)
else L
result «— LDS-PROBE(SECOND(s), k— 1)
if result # NIL return result
return LDS-PROBE(FIRST(s), k)

LDS(node)

1

2
3
4

'y Start € 6T & E

for z «+ 0 to maximum depth
result «— LDS-PROBE(node, z)
if result # NIL return result
return NIL

For discrepancies O to n

Figure 1: Limited Discrepancy Search.
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LDS-PRrROBE(node, k)
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LDS(node)
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[>

\ First proposal

Go with heuristic

if GOAL-P(node) return node

s « SUCCESSORS(node)

if NULL-P(s) return NIL

if K = 0 return LDS-PrOBE(FIRST(s), 0)

else L
result «— LDS-PROBE(SECOND(s), k— 1)
if result # NIL return result
return LDS-PrROBE(FIRST(s), k)

v | 60 against
then go with

for z «+ 0 to maximum depth
result «— LDS-PROBE(node, z)
if result # NIL return result
return NIL

For discrepancies O to n

Figure 1: Limited Discrepancy Search.
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The Ids search process: how it goes (a cartoon)

ATATATA

Figure 3: The four possibilities for a node and its chil-
Iteration 1 dren.

e °
,.-@ In order to simplify our analyses, we will assume that p
f is constant as well, although the experimental evidence
1 2 3 1

Iteration 0

is that p tends to increase somewhat as we search the
tree because most heuristics are more accurate at deep
nodes than at shallow ones.

Iteration 2 The chance of finding a solution on a random path to

Q Q e o @ depth d (ie., using isamp) is simply (1 — m)?. Using
k ® g 1 é heuristics and assuming a constant p, 1-samp has prob-
< f /, < f ability p? of finding a solution on its one and only path.
5 6 7 8 9 10 11

This observation allows us to estimate p by running 1-
samp on alarge training set of problems from the domain
of interest. Let s be the success rate of 1-samp on the
training set. Since the probability of success for 1-samp

Iteration 3 is p?, we have p = s!/4. If s is small, the training set may
e e e 2 £ 2 have to be impractically large to get a reliable estimate.
i P @ £ For some problems, though, s is not small. Heuristics de-
j’ { j < j < f veloped for job shop scheduling have been shown to yield

a probability s that is nearly one for small research prob-

15 14 15 16 17 18 19 lems [Smith and Cheng, 1993]. We have found in earlier
experimental work on the same problems [Harvey, 1994]

Figure 2: Execution trace of LDS. that even standard csp heuristics can yield a success rate
of about 75%. On larger scheduling problems [Vaessens

et al., 1994] the success rate of 1-samp is less, but more
sophisticated heuristics from operations research keep 1-

12
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The Ids search process: how it goes

ATATATA

o a1 N L W R L

Iteration 0

= 1

Iteration 1 NOTE: |ds revisits search states with k discrepancies
} § <° ¢ | When searching with > k discrepancies
/

is constant as well, although the experimental evidence
is that p tends to increase somewhat as we search the
tree because most heuristics are more accurate at deep
nodes than at shallow ones.

Iteration 2 The chance of finding a solution on a random path to
Q Q e @ @ depth d (ie., using isamp) is simply (1 — m)?. Using

k ® é 1 é heuristics and assuming a constant p, 1-samp has prob-

3 K 3 ability p? of finding a solution on its one and only path.

f f f This observation allows us to estimate p by running 1-

. . , . . o 1 samp on alarge training set of problems from the domain

of interest. Let s be the success rate of 1-samp on the

training set. Since the probability of success for 1-samp

Iteration 3 is p?, we have p = s!/4. If s is small, the training set may
e e e 2 £ 2 have to be impractically large to get a reliable estimate.
i P @ £ For some problems, though, s is not small. Heuristics de-
j’ { f < j < f veloped for job shop scheduling have been shown to yield

a probability s that is nearly one for small research prob-

15 14 15 16 17 18 19 lems [Smith and Cheng, 1993]. We have found in earlier
experimental work on the same problems [Harvey, 1994]

Figure 2: Execution trace of LDS. that even standard csp heuristics can yield a success rate
of about 75%. On larger scheduling problems [Vaessens

et al., 1994] the success rate of 1-samp is less, but more
sophisticated heuristics from operations research keep 1-
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LDS (node)
for k :=0 ton
do begin
result := LDS-Probe(node,k)
if result != nil
then return result
end
return nil

~N O 0 WD~ O

. LDS-Probe(node, k)

if isGoal(node) then return node

if failed(node) then return nil

if k=0

. then return LDS-Probe(left(node),0)

else begin
result := LDS-Probe(right(node), k-1)
if result = nil
then result := LDS-PROBE(left(node),k)
return result
end

O 00 N U= WD+ O

—
o

Fig. 1. Harvey and Ginsberg’s limited discrepancy search (LDS)

My pseudo code

"
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Improved Limited Discrepancy Search

Richard E. Korf
Computer Science Department
University of California, Los Angeles
Los Angeles, Ca. 90024

korf@cs.ucla.edu

July 26, 1995

Abstract

We present an improvement to Harvey and Ginsberg’s limited dis-
crepancy search algorithm. Our version eliminates much of the redun-
dancy in the original algorithm, generating each search path from the
root to the maximum search depth only once. For a uniform-depth
binary tree of depth d, this reduces the asymptotic complexity from

O 4299 t6 0(2%). The savings is much less in a partial tree search.,

v |
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EERRIECKDDIGEICEE: Korf's improvement

= 1% -

Abstract

We present an improvement to Harvey and Ginsberg’s limited dis-
crepancy search algorithm. Our version eliminates much of the redun-
dancy in the original algorithm, generating each search path from the
root to the maximum search depth only once. For a uniform-depth
binary tree of depth d, this reduces the asymptotic complexity from
O(d—'2|ﬁ2d) to O(24). The savings is much less in a partial tree search,
or in a heavily pruned tree. We also show that the overhead of the
improved algorithm on a uniform-depth b-ary tree is only a factor of
b/(b—1) compared to depth-first search. This constant factor is greater
on a heavily pruned tree. Finally, we present empirical results show-
ing the utility of limited discrepancy search, as a function of problem
difficulty, on the NP-Complete problem of number partitioning.

< >
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discrepancies in a binary tree of depth three. Figure 2 gives a pseudo-code
description of a single iteration of LDS on a binary tree. Its arguments are
a node, and the number of discrepancies k for that iteration. This function
is called once for each iteration, with £ ranging from zero to the maximum
tree depth, terminating if a goal is found.

n

Figure 1: Paths with 0, 1, 2, and 3 Discrepancies in a Depth 3 Binary Tree

LDS can be applied to any tree-search problem where one bra WOOPS!
each node is preferred to that of its siblings. The simplest extension to a non-
binary tree is to treat anv branch except the leftmost as a sinele discrepancy.
In Harvg Do you see it? He's taking his discrepancies late/deep!
branch to have a higher probability of confaining a solufion in its subtree
than the right branch. and show that limited discrenancv search has a. highel"
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Harvey & Ginsberg EENGL CONCICECE

(23

Iteration 0

discrepancies in a binary tree of depth three. Figure 2 gives a pseudo-code
description of a single iteration of LDS on a binary tree. Its arguments are
a node, and the number of discrepancies k for that iteration. This function
is called once for each iteration, with k& ranging from zero to the maximum
tree depth, terminating if a goal is found.

o A

Figure 1: Paths with 0, 1, 2, and 3 Discrepancies in a Depth 3 Binary Tree

LDS can be applied to any tree-search problem where one branch from
each node is preferred to that of its siblings. The simplest extension to a non-
binary tree is to treat any branch except the leftmost as a single discrepancy.
In Harvey and Ginsberg’s analysis of the algorithm([2], they consider the left

Iteration 2 branch to have a higher probability of containing a solution in its subtree
Q.. @.' .P ..@ ..@ - than the risht branch. and show that limited discrenancv search has a highel" - v
- . S 3 & File: kort36improved 460, 4320t _Page: "3" 301 14
< :.6 é._. < ._-é T', start ~ @ - g . " &L "am 12:31
5 6 7 8 9 10 11

Iteration 8

f< f< j< f Wrong way round.

12

Figure 2: Execution trace of LDs.
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than the right branch, and show that limited discrepancy search has a higher

probability of finding a solution than depth-first search, for a given number
of node generations. They also show experimentally that it outperforms
depth-first search in a constraint-satisfaction scheduling task.

LDS (NODE, K)
If NODE 1i1s a leaf, return
LDS (left-child(NODE), K)
If (K > 0) LDS (right-child(NODE), K-1)

Figure 2: Pseudo-code for a Single Iteration of Original LDS

Wrong way round Richard 1

< >
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o -L 2 Improved LDS ... a bug - Notepad

&) Fie Edt Format View Help Richar‘d, was that a bUg’

From: Patrick Prosser
& lsent: 21 May 2007 10:29
& To: ‘'korf@cs.ucla.edu’
r1r1tSUbjeCt: Improved LDS ... a bug?

#H pear Richard
I am reviewing the early papers on LDS. I believe that your AAAI96 has a bug in it,
‘E or put another way, there is yet another thing that I don't understand.

Iin Harvgz and_Gingbgrg, LDS goes right before left, i.e. takes discrepancies as ear]
Recycl B8 poas1 le, justified by the belief that costly heuristic errors occur high up in the
search tree.

In Improved LDS the first discre anc¥ is taken at maximum depth. This is counter to the
argument by Harvey & Ginsberg. Therefore in Figure 3 the 2nd and 3d if statements should be swapped.

Do you agree with this?

I believe Beck & Perron (Discrepancy-Bonded DDFS), Toby (pepth Bounded DS) and most recently
wafa Karoui (YIELDS: A Yet Improved LDS for CSPs) do likewise, taking the 1st discrepancy
i at maximum depth.

mmgCheers

clPatrick
FOF
) P
£ Patrick Prosser tel: +44 141 330 4934
it computing Science fax: +44 141 330 4913
w217 Lilybank Gardens web: http://www.dcs.gla.ac.uk/~pat/
Glasgow G12 OHE
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e = Yes, but s0?

- 2 Re Improved LDS ... a bug - Notepad
@ File Edit Format View Help

Y is From: Richard E Korf [korf@cs.ucCLA.EDU]
Sent: 21 May 2007 22:38
To: Patrick Prosser
g Subject: Re: Improved LDS ... a bug?

‘ Patrick,
Recycle Bin In looking over the original LDS paper, and mx ILDS paper, you are correct.
I think I made the change without noticing that I was doing it, since a
eft-to-right search is ingrained in me. I remember sending Matt and will a
- copy of the paper for their comments, and don't recall that they noticed the
=% switch either. I guess it's an emﬂirica1 question which order 1is better. I
2 don't have a strong intuition either way, and would be surprised if it made a
DeptvPnl big difference, but I could be wrong.

ﬁ -rich

bridaes
£l

FDF > : ; <
A ‘P -y ';“’\ »

Shortcutito
XBIREM

E

11CAI-01bla...

=

IJCAT-01_black

|dsRevisited
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Korf's 2nd bug

| >

LDS (NODE, K, DEPTH)
If NODE 1is a leaf, return
If (DEPTH > K)
LDS (left-child(NODE), DEPTH-1, K)
If (K > 0) T
LDS (right-child(NODE), DEPTH-1, K-1)

Figure 3: Pseudo-code for a Single Iteration of Improved LDS

2 Improved Limited Discrepancy Search

The main drawback of the original formulation of LDS, OLDS, is that it

generates some leaf nodes more than once. In particular, an iteration with £

< >
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=@ 12 FW ] €[ @ == Richard, you know there is another bug?

AEC

| >

Woops!

LDS (NODE, K, DEPTH)
If NODE 1is a leaf, return
If (DEPTH > K)
LDS (left-child(NODE), DEPTH-1, K)
If (K > 0) T
LDS (right-child(NODE), DEPTH-1, K-1)

Figure 3: Pseudo-code for a Single Iteration of Improved LDS

2 Improved Limited Discrepancy Search

The main drawback of the original formulation of LDS, OLDS, is that it

generates some leaf nodes more than once. In particular, an iteration with £

< >
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This redundancy was addressed by Korf’s improved limited discrepancy search

(ILDS)[6]. Pseudo-code for improved ILDS is as follows (see Fig 2).

| >

My pseudo code

0. ILDS (node)

1. for k :=0 ton

2. do begin

3. result := ILDS-Probe(node,k,n)

4. if result != nil

5. then return result

6. end

7. return nil

0. ILDS-Probe(node,k,rDepth)

1. if isGoal(node) then return node

2. if failed(node) then return nil

3. result := nil

4. if rDepth > k

5. then result := ILDS-Probe(left(node),k,rDepth-1)
6. if kK > 0 & result = nil

7. then result := ILDS-Probe(right(node),k-1,rDepth-1)
8. return result

Fig. 2. Korf’s improved limited discrepancy search (ILDS)

< | >
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Has anyone noticed Korf's bug?
Have people been using Korf's LDS?
Have people been using Harvey & Ginsberg's LDS?

Has anyone remembered the motivation for LDS?
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I discrepancy-bounded dfs a question - Notepad
File Edit Format View Help

From: Patrick Prosser Chrls' lGTe or earlyj

Sent: 21 May 2007 11:14
To: Chris Beck (jcb@mie.utoronto.ca)
Subject: discrepancy-bounded dfs, a question

chris
Am I right in thinking that dbdfs takes its discrepancies later
rather than sooner? That is, will dbdfs tend to take its first
discrepancies deep in the search tree (later) rather than higher
up (sooner)?

2 I have just been looking at Korf's ILDS (improved LDS) and note that
B it differs from Harvey & Ginsberg's LDS in that if a discrepancy can
be taken then it is taken after going with the heuristic. Consequently
the first_discrepancy is taken at maximum depth, contradicting the argument
that costly heuristic mistakes are made early on in search. (See AAAIOG6
age 287 and compare with Harvey & Ginsberg. Korf wrongly reproduces LDS
ﬁn Figure 2, and then "improves"” this error).

Cheers

Patrick
later rather
—_—— discrepancies
Patrick Prosser tel: +44 141 330 4934 poner)?
Computing Science fax: +44 141 330 4913 )
17 Lilybank Gardens web: http://www.dcs.gla.ac.uk/~pat/ erence with LDS.
Glasgow G12 OHE d note that
repancy can
Cconsequently
cting the
— ! 1N search.
> (See AAAIO96 page 287 and compare with Harvey & Ginsberg. Korf wrongly
> reproduces LDS in Figure 2, and then "improves" this error).
>
Interesting. The history of DBDFS is similar. when I started at ILOG it
already existed and was called "LDS". It didn't appear to me that Laurent
Perron (who originally wrote it) realized that it was different from standard
In any case the argument for first performing deep discrepancies was
Targe jumps in the tree would be expensive and so even though mistakes
in the tree are more likely, on an amortized basis it makes sense to deal
deep discrepancies first. I don't remember if we ever found any evidence
this belief was true, however.

s
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Wafa, late or early?

2 YIELDS a couple of questions - Notepad Q@
File Edit Format View Help

From: Patrick Prosser

sent: 21 May 2007 11:31

To: ‘'wafa karoui’

cc: chris unsworth

Subject: YIELDS, a couple of questions

Dear wafa
I have a couple of questions about your algorithms in the CPAIOR 2007 paper.

In algorithm 2 LDS_iteration, does the search delay its discrepancies,
Ereferring to ?o with the heuristic even though there are discrepancies to
e taken, resulting in the first discrepancy being taken at maximum search
depth?
Dept VPN . 3 .. . . . .
Also, am I right in thinking that for a non-binary domain, the ith value in
the domain costs i-1 discrepancies?

[ﬁ' Does your LDS_iteration revisit leaf nodes with less than k discrepancies
(i.e. it does not incorporate Korf's AAAI96 ‘improvement)?

e I presume that YIELDS_iteration will have essentially the same properties as

lchris unsworth will be at CPAIOR so you might have a chance to discuss some of
this with him.

: Patrick Prosser tel: +44 141 330 4934
IICAT-01bla.. Computing Science fax: +44 141 330 4913
17 Lilybank Gardens web: http://www.dcs.gla.ac.uk/~pat/
Glasgow G12 OHE
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15

@ Z:\public_html\papersildsRevisited\email\Re YIELDS a couple of questions.htm v l Go

Tou are right, even though the original principle of LDS is to give Waf a' S rlespo nhse

prionty to discrepancies in the top of the tree. In fact, I now have to
study how to combine this way for exploring the tree search with my method.

>Also, am I nght in thinking that for a non-binary domain, the ith value
>in the dommain costs 1-1 discrepancies?

Yes. Itis a non-binary counting way.

>Does your LDS_iteration rewisit leaf nodes with less than k

>discrepancies (1e. it does not incorporate Korf's A4 AT96 improvement)?
No. YIELDS really incorporates Kotf's improvement (ILDS). However, since

the variable order is supposed to change (because of weights), sometimes
we are obliged to restart discrepancies.

>] presume that YIELDS iteration will have essentially the same
>properties as above.

Tthink so, too. YIELDS is an improvement of LDS family which integrates
learning in addition of all known improvements.

Best regards,

Wafa Karow J

(<
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=l 1]2] W Iw [« A B I think this has not been reported

5 =]
0.  ILDSN(node) My pseudo code
1. n = fd(node)
2. for k := 0 ton
3. do begin
4. result := ILDSHN-Probe(node,k,n)
5. if result != nil
6. then return result
7. end
8. return nil B
0. ILDSN-Probe(node,k,rDepth)
1. if isGoal(node) then return node
2. if failed(node) then return nil
3. result := nil
4. s := successors(node);
5. for i := 1 to min(card(s),k) while result = nil
6. do result := ILDSN-Probe(succ(i,s),k-i,rDepth-1)
7. if result = nil & fd(node) > k
8. then result := ILDSN-Probe(succ(0,s),k,rDepth-1)
9. return result
Fig. 3. Improved limited discrepancy search for non-binary domains (ILDSN) v
< | >
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Does it make a difference if we take discrepancies late or early?

An empirical study

Tests Harvey & Ginsberg's motivation for LDS



Car Sequencing Problem

Assessed exercise 2
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Address .@ http:/fcsplib.orgf vl Go
A
w : a problem library for constraints
Maintained b Brahim Hnich an Ian Miguel
7 brahim. hnich@ieu.edu.tr ianmitdes.st-and.ac.uk
Founded b Ian P. Gent an Toby Walsh
7 ipoitdes.st-and.ac.ik IWi@rse.unsw. edu.au
Kindly sponsored by:
[ L‘J
T 1'. T

Overview
CSPLib 15 a library of test problems for constramnt solvers. The library consists of:

o problems organised by subject area and problem number

o guidelines for submitting new problems

e apaper about the library (in postscript or html) and its bibtex reference

(also avatlable from the APES technical report page)

o alist of related benchmark libranes

e links to constraint solvers

o a history of changes to the library

o atar file of version 2.1 of the library (and version 2.0) L3
The main motivation for CSPLib 1s to focus research in constraints away from purely random problems and onto more structured problems.
To propose new entries, or to extend or correct existing entries, please email either of the maintainers.

v

€] Done ® Internet
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w : a problem library for constraints

Address

|>

Maintained b Brahim Hnich an Tan Miguel
7 brahim. hnich@icu.edu.tr ianm(des.st-and.ac.uk

Ian P. Gent an Toby Walsh
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Problems in Numerical Order:

Founded by

prob001: Car sequencing.

prob002: Template design.

prob003: Quasigroup existence.

prob004: Mystery shopper.

prob005: Low autocorellation binary sequences.
prob006: Golomb rulers.

prob007: All-mterval senes.

prob008: Vessel loading.
) ® Internet
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2 CSPLib - Microsoft Internet Explorer

File Edit View Favorites Tools Help .-'.',.
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pro 1: car sequencing
ronosed b Barbara Smith
prop ybms@scs.s’eeds.ac.uk
Specification
A number of cars are to be produced; they are not identical, bhecause different options are available as variants on the
basic model. The assembly line has different stations which install the various options (air-conditioning, sun-roof,
etc.). These stations have been designed to handle at most a certain percentage of the cars passing along the assembly
line. Furthermore, the cars regquiring a certain option must not be bunched together, otherwise the station will not be
able to cope. Consegquently, the cars must be arranged in a sequence so that the capacity of each station is never
exceeded. For instance, if a particular station can only cope with at most half of the cars passing along the line, the
sequence must be built so that at most 1 car in any 2 regquires that option. The problem has been shown to be NP-complete
(Gent 1999).
The format of the data files is as follows:
e First line: number of cars; nuber of options; nuber of classes.
e Second line: for each option, the maximum nwber of cars with that option in a block.
e Third line: for each option, the block size to which the maximum nuiber refers.
e Then for each class: index no.; no. of cars in this class; for each option, whether or not this class requires it (1
or 0).
This is the example given in (Dinchas et al., ECAISS):
10 5 6
12121 ™
] Done ® Internet
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(Gent 1999).

[>

The format of the data files is as follows:

First line: number of cars; nuwber of options: nuwaber of classes.
Second line: for each option, the maxXximun nwaber of cars with that option in a block.
Third line: for each option, the block size to which the maximunm nuber refers.

Then for each class: index no.; no. of cars in this class; for each option, whether or not this class requires it (1
or 0).

This is the example given in (Dinchas et al., ECAISS):

10 5 6
12121
233 5°5
0110110
1100010
2201001
3201010
4210100
5211000 =
A wvalid sequence for this set of cars is:
Class Options req.
0 10110
1 00010
5 11000
2 01001
4 10100 1
3 01010
3 01010
4 10100 v
€] Done ® Internet
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or 0). - N
This is the example given in (Dinchas et al., ECAISS):
10 5 6
12121
233565
0110110
1100010
2201001
3201010
4210100
5211000
A wvalid secquence for this set of cars is:
Class Options req.
0 10110
1 00010
5 11000
2 01001
4 10100
3 01010 |
3 01010 i
4 10100
2 01001
5 11000
Back to C5PLib home page. L4
v
€] Done ® Internet
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Goal of Car Sequencing

CAR SEQUENCING

The goal of Car Sequencing is to find an optimal arrangement of commissioned vehicles along
a production line. Although the individual cars are similar to each other, each automobile
requires particular components which are assembled by different working bays along the
production line. Further, each car has to be painted with exactly one color. The workload for
each of these stations has to be smoothed to ensure a proper output. Workers with too much
load get tired and make mistakes whereas underemployed workers only raise costs. The
constraints defined by the various working bays have to be considered in the Car Sequencing
Problem (CarSP). The demanded sequence of vehicles is a permutation of all cars to be

produced at the day of question. In addition, the number of color changes has to be minimized.

The production line itself consists of three stages: the body shop, the paint shop, and the
assembly shop. In the body shop the chassis of the cars are manufactured. The paint shop

workers paint the cars, and in the assembly shop different options like air condition, sun roofs,

or sound systems get installed. The constraints defined by the body shop and the assembly
shop are similar to each other, whereas the paint shop constraints differ significantly. For the
former, we consider restrictions which can be expressed as "No more than /_cars are allowed
to require component ¢ in a sequence of m_consecutive cars.” For the latter, we consider
those of the form: "At most s cars with the same color are allowed to be arranged
consecutively.” Changing the color after at most s cars is motivated by a more psychological
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Assembly line constraints (X indicating that a car requires component c). &

reason: In automobile industry, the paint of a car is applied using an injector. During this spraying the paint slowly agglutinates. To obtain good results the injector has to be cleaned in
regular intervals. If the same color would be applied after cleaning the injector again, the staff concerned with the cleaning process would get imprecise, because "It's the same color
again." This would lead to improper painting results, which would in the following lead to reclamations.

Our work

In our work, we try to combine exact methods (e.g. based on integer linear programming) and meta-heuristics (e.g. Variable Neighborhood Search) for achieving good and compareable
results in relatively short computation time (see also Hybridization of Exact and Heuristic Optimization Techniques).

Other Sources related to Car Sequencing
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l lVersion francaise de cette page

After the full success of the first three challenges ROADEF'39 | ROADEE'2001 and ROADEF2003, the French Society of Operations Research and Decision
Analysis (ROADEF) decided to organize consecutively a fourth challenge. This time the results will be presented at the annual conference of the French
Operations Research society ROADEF which will be held on february 14-16, 2005 at Tours (closed to the famous Loire castles). The dates and the

place of the conference will be announced later.

The subject of this fourth challenge is proposed and sponsored by the automobile manufacturer RENATLT.

This challenge 1s O €11 to everybody, in particular to young researchers, except those working for the industrial partner having submitted the problem, or any of its

subsidiaries.

Challenge subiect (almost everthing is here |3 (Updated on March 16th, 2005: data instance set X is here !)
How to participate and planning (Updated on February 17th, 2004)

Challenge prizes
List of the participants of the qualification stage (Updated on February 18th, 2004)
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Challenge subject sonsored by RENAULT
The problem retained for the ROADEF'2005 challenge is the Car Sequencing problem.
The detailed definition of the problem can be found below :
o Files of the desciiption of the problem in three formats (Postscript, RTE, MSWord) (ATTENTION: subject updated on October 12th, 2003)
o Files of one example data instance for one scenario per class (i.e. a total of three scenart) provided in the zip format
(instance 039 chl s26 mar zip, mstance 048 ch2 s25 mar zip, instance 064 ch2 s24 mar zip)
o Files of the data instance set A in two formats (Instances set A tar gz, Instances set A zip) (created on October 10th, 2003)
o Files of the data instance set B in two formats (Instances set B .tar gz, Instances set B.zip) (updated on July 15th, 2004)
o Files of the data instance set X in two formats (Instances set 3 tar gz, Instances set 3 zip) (updated on March 16th, 2005)
Important remarks:
o Itis compulsory to respect the formats of the data and result files.
o Solution checking tools (checkers tar gz or checkers. zip) are now available to help the candidates.
o New checkers with the new coefficients 1000000, 1000 and 1 (Windows: exeCarSeq.exe, Linux: exeCarSeq) (created on July 15th, 2004)
o This subject is provided by RENATULT for the use in the context of this challenge and for research purpose, B
RENAULT reserves the right to bring minor modifications to the subject if it is necessary.
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Challenge prizes
Erench OR Society ROADEF associated to RENAULT and EURODECISTON will present prizes to the finalists.
PRIZES provided by RENAULT :
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Challenge prizes
Erench OR Society ROADEF associated to RENATULT and EURODECISION will present prizes to the finalists.
PRIZES provided by RENAULT :
e 3000 Euros for the Junior category (team compounded with at least one student and at most one Senior researcher).
o 3000 Euros for the Senior category.
French OR society ROADEF would support part of the travel expenses to the conference ROADEF'2005 for the students who reach the final stage.
PRIZES from other partner :
o FURODECISION company sponsors the second prize of the Junior category : 300 Euros.
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Challenge organizing committee
o Leader of this commitee (please to feel free to send me any comment on this challenge):
Van-Dat CUNG Van-Dat Cung@gilco.inpg fr
Since September 1st, 2003
GILCO lab., ENSGI-INPG
46, avenue Félxz-Viallet
38031 Grenoble Cedex 0
FRANCE
Previously at PRiSI lab.- CNES TMR 81 44
Université de Versallles-St. Quentin en Yvelines
45, avenue des Etats-Unis
TRNZ8 Varcaillae Madew v

&) ® Internet

’, @ Q T ci\ i E h slides @ Microsoft PowerPoint ... ’3 http:J'.u'l,.'.,ll,nn,.'.,l_prism_u'.,r,,, ’()\J.‘ 0 I'.?’))[;: [* . ‘a W 10:45




/- CFP EJOR for a special issues on the Challenge ROADEF'2005 “Car Sequencing" :: Association Fran - Windows Internet Explorer

G@ v |gj http:{fwww. afpc-asso.orgfmodules. php?op=modloaddname=Newsafile=articledsid=35&mode=thread&order=0&thold=0
Google ILG]voadef challenge 2005 v ‘ Go o G0 S] 43blocked 4 |§ roadef E challenge @ 2005 @ Settingsv
% ke QCFP EJOR for a special issues on the Challenge ROAD... ] l ﬁ < @ v {_,} Page ~ @ Tools ~

N
Espace membres CFP EJOR for a special issues on the Cha ROADEF'2005 "Car ing” Liens connexes
S P n Transmis par: leberre actf 27 Sept 2005 @ 14:21
|:] * Plus a propos de problemes de
e ’ A Call for Papers EJOR for a special issues on the Challenge ROADEF'2005 "Car Sequencing” satisfaction de contraintes
Mot de passe p is announced here below, and you are welcome to submit an article. * Info de leberre
- - The related EJOR WEB site is
Retenir http: /fwww.elsevier.com/wps/find/S03.cws_home/eor11 La nouvelle Ia plus lue 3 propos
Please to note that the deadline for submission initially announced on October 30th, 2005 ce probler:::;::imﬁfachon g
is asked to extend to Novemeber 27th, 2005; and to forward this message to colleagues who cEP MOPGP'.OG
T oaamm would be interested. ——
ne sont accessibles qu'aux
adhérents. L'adhésion en
est possible:
Adhérer
CALL FOR PAPERS =
— Spedial Issue of The European Journal of Operational Research (EJOR)
Menu Principal on ROADEF Challenge 2005 on Car Sequencing
* Accueil
" L'association
* barrai Brief description of the topic:
Modules
" FAQ The European Journal of Operational Research (EJOR) will publish a
* Artich toria feature issue on the car sequencing problem proposed jointly by the RENAULT
L w company and the French Operations Research society (ROADEF) in the
Teléchargements context of the ROADEF Challenge 2005. -
® Liens internet
R — The ROADEF Challenge 2005 has involved 37 junior teams and 18 senior
Forums teams and
was started on July 28, 2003. The final results were proclaimed
* JFPC during the annual ROADEF conference which was held on february 14-16,
S 2005 at Tours.
Séminaires
* Lettres de I'AFPC The particular car sequencing problem considered in the challenge aims
at computing a
L I :t:::te;o:p of vehicles under hard and soft constraints issued from both
* Compte rendus and assembly line requirements of a RENAULT factory. The problem was
" Suiets defined as a multiobjective optimization problem due to the presence of
Sujets soft constraints. For more information on the ROADEF challenge 2005,
including
* Recherche participants, winners, problem description and instance sets visit
http://www.prism.uvsq. fr/~vdc/ROADEF /CHALLENGES/2005/challenge2005_en.html
B The special issue is open to all the participants to the ROADEF
* Recommandation Challenge 2005
. and also to every original theoretical and/or experimental contribution
Top 10 on this
problem. In particular, any submission of interest out of the challenge
scope
Calendrier (lower bounds, polyedral analysis, exact methods or heuristics involving
- commerdial
solvers, Pareto set approximation, goal programming) is encouraged. The
M T WTF results can
also be presented with no restriction on computational times, software
> 1251 1301 5l [ o1 | 02 or hardware requirements.
>[ 050607 o8] 0] o

/> CFP EJOR for a speci...

* car sequencing probl...



My empirical study on car sequencing problems
Using various search algorithms, heuristics.
Question:

* does the order (late/early) that we take discrepancies in Ids matter?
- is the order sensitive to the heuristics used?




Performing the experiments (what's involved)

- code up Ids in JChoco
» for non-binary domains
* paramaterised late/early discrepancies
» using Korf's improvement
- code up model of car sequencing problem
- using Pascal Van Hentenryk's model
» code up my BT (as a gold standard)
» code up a certificate checker
* is a solution a solution?
- code up 4 different heuristics
» 2 published heuristics for car sequencing
* the 2 anti-heuristics
* Perform experiments on benchmark problems
* limits on CPU time (minutes sometimes hours per instance)
* test that all solutions are solutions (paranoia?)
* problems typically have 200 cars (non-trivial)

- NOTE TO SELF
- also did Golomb rulers
- started on HC
- did this to show results were general and not car seqn specific
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and now the results ...






Well, did you see a pattern?

If there is no pattern what does this say about
H&G's hypothesis?

And, if no pattern, why is Ids any good?



See anything?
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How about another problem domain?

Hamiltonian Circuit
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contains a Hamiltonian cycle is called a Hamiltonian graph.

/- Hamiltonian path - Wi &3 Microsoft PowerPoint @ problems
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« Lom Hamiltonian path
‘\_’ e From Wikipedia, the free encyclopedia |
W IKIPEDIA In the mathematical field of graph theory, a Hamiltonian path is a path in an undirected graph which
The Free Encyclopedia visits each vertex exactly once. A Hamiltonian cycle (or Hamiltonian circuit) is a cycle in an
navigation undirected graph which visits each vertex exactly once and also returns to the starting vertex. Determining
= Main Page whether such paths and cycles exist in graphs is the Hamiltonian path problem which is NP-complete. L
Contents _— . . . :
: Featured content Hamiltonian paths and cycles are named after William Rowan Hamilton who invented the Icosian Game,
a Current events now also known as Hamilton's puzzle, which involves finding a Hamiltonian cycle in the edge graph of the
= Random article dodecahedron. Hamilton solved this problem using the Icosian Calculus, an algebraic structure based on
) roots of unity with many similarities to the quaternions (also invented by Hamilton). Unfortunately, this
interaction . . .
solution does not generalize to arbitrary graphs.
= About Wikipedia
= Community portal Contents [hide] A Hamiltonian cycle in a &
= Recentchanges it dodecahedron. Like all platonic
= Contact Wikipedia 2800t solids, the dodecahedron is
PG 2 Examples Hamittonian
= Donate to Wikipedia ’
= Help 3 Notes
4 Bondy-Chvatal theorem
search 5 See also
| ] 6 External links
[E 7 References
toolbox Definitions [edit]
= Whatlinks here '
= Related changes A Hamiltonian path or traceable path is a path that visits each vertex exactly once. A graph that
= Upload file contains a Hamiltonian path is called a traceable graph. A graph is Hamilton-connected if for every pair
= Special pages of vertices there is a Hamiltonian path between the two vertices.
= Printable version I I N . ..
= Permanent link A Hamiltonian cycle, Hamiltonian circuit, vertex tour or graph cycle is a cycle that visits each vertex
= Cite this page exactly once (except the vertex which is both the start and end, and so is visited twice). A graph that A Hamittonian path (black) over a graph

(blue).
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HCP: What's involved? ecai08 rejects

- constraint model, single successor
- subtour elimination constraint
* heuristic
- constraint model maintains information
» resultant model is then Algorithm 595 (a surprise)
* locate benchmark problems
* perform experiments
* late v early discrepancies
* heuristics static v dynamic
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Still Yo do
- lds - extremely early and extremely late

- jobshop scheduling using Cheng & Smith's heuristic
* repeat H & G's experiments going late/early

* number partitioning with CKK
* repeat Korf's experiments going late/early

» fair bit of implementation and analysis
- 2 months work at least
» should get 2 more tables ©
* might get new ****09 rejection ®




What lessons can we learn?

- we can just follow on without question (read the most recent paper)
» forget the basic/initial hypothesis
» forget to really look at our results
* take too much for granted
* it is not uninteresting to repeat someone elses’'s experiments.
» do not be frightened or disinterested in -ve results or different results (above)
» don't do just one set of experiments when you can do many (different domains)
* published papers may have multiple errors (beware)
* be paranoid (Am I right? Is he right? How do I know I'm right?)
* know that we are human
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beuriatica. Hennatica ahase the aarch peoces as to what decizicn o
rube sest, for esample whst vanable to coomider and what vabse 0
waign 1o that vrmble [F2 bad decieion i nade aurly cnin searcha
ke subtmse ray be exploced before thin decizion can be reversed
Itixcommonly believed that bearietcr send 1o be bowa reliable at the
1op of swrch than desp in wearch whem many decizions have b
rrade and infererxing hax tdes place. Limited Dixcreparcy Serch
(LIS) [7] atserspts 99 addran i, Iratially the acarch process gees
with heuritic advice, waverag fe kefi brasch of the seanch tree. If
thix faile then search ix nertaried aud the peoces ixdlowed to ke a
sirgthe dxcrepancy, is. it is dlowed to g mgsine heuridic adice at
moet coce. In 2 berary troe of height n this discreprancy cn be tdan
i1 passible wayy. In LS dacrepeanien ars tuken as eurly as posi-
He. [fooe decwpancy fids 1o fnd 2 solaticn, then two are allomed
mnal “C: (n chocos 7) wayx, then three in all "Cs wayw, and w0 oz
p to.a rmasismeen number. Haney and Girobeng's LIS i dewcribed
nFigun 1.

In LDG{roke) the indegaer ia the nusinum namsber of dacrepan-
lexthat can be ruade, and might be the nanber of decigon varsbler
The paramwter rade in e cumet scarch stde. LIS then cdle LD-
SProbe with increasng ramber of decapancies k il 3 acluticn i

! Dretrent of Carputng Scae, Ushady of Cligow, Soottead,
paRdcegiak
= m«l Cargutng Sctace, Ushady of Gligow, Scottexl

Bacak
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LIC Incde |

LEPrute (nade, ki
i1 zesult la nil
thea return reaslt

GnneuNEa

sad
return ntl

. LLGPrcbe (rode k)

if iadnal|nade| then return rode

. if failed|nxds| thea Teturn nil

1L X wa @

thea return LEPrate |Leftinc

. slya tegin

rmault « LDSPrute |zight (mode) k-1
if Tesult =e nil

then Tesult « LIGPTcbe(leftircde) k|
return result

]

AT e e

Figrel. Havey 3 Clubag's leeted dhorepaxy seadh (LDS)

Found cr meecanan divcreprascies have boes tdon. LD SProbe subex
2 lirsided discmpancy search with O to k dacwpancies. In line 1, if
we howe mached cor geal then the cormrt atade i retsmed, d in
lire 2 if the cammt stade carnct be extended nil i delivered. It is
ammimad thet the aarch can then o beft oo right. Going kel e
gaing with the bauridic and goirg right mevnt the besrigic whilst
takirge 2 diacrepancy. [f there e 20 dicrepracies allowsd (loe 3)
scarch groex with the besristic (line 4). [f discreprancies s dlowed
(lirsex S to 100 then search tdoex 3 dacrepercy and poes geine the
heuridic (lise 6)and if this faile then doswn't take 2 divcreprascy asd
goex with the heundic (lise 31

There are s rmber of pointe sonoks ahoct Havey and Gimbar's
LD (Frawre 1) Fint, it ts described for problerns where varablex
beve darssing of caly two valiss, althcegh they sgsaest bow this
might be exended to varables with arhitney dersane. Secondly
when o decaparcy can be taken it i taken a2 2003 3 posible,
ie. it in tdom ardy. Cormequertly the §rt dacrepaxy in taben at
the top of mearch. This is corvigent with their prarixe, that weak
heuridic decivicnr are made @uly ca in scarh Firdly, a call to
LD6Probe(node k) will eqlore all laf nodes with k or bos die
cropracias, conmgeertly LDS re-explones laaf nodes This reckin-
dacy was addresved by Keef's inproved limited dicrepracy asarch
{ILDSY10} Pasuado-< ocke far impeoved ILD ix given in Figars 2.

Koef 'x ILDSProbe tdoer an addticen] pacaneer, v Death, the re-
medring depth over which dacrepancies cn be taken. b lise 4 the
renwanin depth ix greaser as the reanber of discrerascies k coome-
cently the search delayx taking thoes discroprancies (I 5), and if
this Gals then takes & discmparcy ansd goex againet the hearistic (line
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