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removed ITom the (romn 6 [ist. Ihere are then two possible chioices: [a) insert
in order into L the difference X — VY, corresponding to placing the numbers in
different bags, or (b) push the sum X + ¥ onto the front of L, corresponding to
placing both numbers in the same bag. Of the two choices option (a) is preferred,
i.e. it is the heuristic choice. There are then 3 possible outcomes resulting from a
choice: (1) length(L) =1 and head(L) € {0,1}, or (2) head(L)— sum(tail(L)) < 1,
or (3) head(L) — sum(tail(L)) > 1. In case (1) a perfect partition exists, in case
(2) we can continue making choices, and in case (3) no perfect partition exists. In
our model we use the Choco constraint programming toolkit [JCh |, and have n
0/1 constrained integer decision variables, vy to v,_1, and the list L as a reversible
structure. The KK heuristic is encoded as a specialised constraint. If a variable v;
is assigned the value 0 we go with the heuristic, making choice (a), and if assigned
the value 1 we go against the heuristic making choice (b). If this results in outcome

[>

&
K
]
e

fails and backtracking takes place.

Problem data sets were generated using the Java program segment given in Figure
5. Problem size n was varied from 25 to 100 in steps of 5, and for each value of
n 100 problem instances were produced containing n numbers drawn uniformly at
random from the range 1 to 10? — 1. In replicating Korf's experiments d was set
to 10 and of the numbers generated about 90% were 10 digits long and about 10%
were 9 digits long or less, as expected.

! And, it is unclear if YIELDS incorporates Korf’s improvement explicitly, although it might be
incorporated implicitly into their value ordering heuristic, but they do not mention this.

ACM Journal of Experimental Algorithmies, Vol. ¥V, No. N, June 20xx.
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Fig. 6. On the left, log of average search effort (nodes visited) against problem size, solid contour

for ILDS-early and broken confour for ILDS-late. On the right, the number of times ILDS-early

beat ILDS-late (solid contour) and number of times ILDS late beat ILDS-early (broken contour)
. bl .

Experiments were run as background jobs, farmed over 10 processors, taking
T days elapsed time with most processor time spent on problems in the range
) < n < 45, Since a variety of processors were used we do not report run times,
Figure 6, on the left, shows on a log scale the average number of search nodes®
explored against problem size n, for ILDS taking discrepancies early (solid contour)
and late (broken contour).

Tl o r-nni'rnl]i Ennn:a !F agnnn n;ith Eﬂ:i’i Eﬂ:i HHii ‘l thﬂllgh nd ihm;n ina::h

effort was plotted against Gent and Walsh’'s measure of constrainedness [Gent and
Walsh 1998] k = log2(l)/n where numbers are drawn uniformly and at random from
(0,]l. The complexity peak occurred at x = 0.95 and problem satisfiahility about
30%, as expected, i.e. where half of our problem instances had perfect partitions.
Figure 6, on the right, shows how often ILDS-early beat ILDS-late, and vice versa.
If on a problem instance ILDS-early took less nodes than ILDS-late then ILDS-early
scores one point, if ILDS-late takes less nodes than ILDS-early then ILDS-late scores
one point, and if they both take the same number of nodes there are no points.

2A node corresponds to a decision made by the search process, in this case assigning a value to a
decision variable.

ACM Journal of Experimental Algorithmics, Vol. ¥V, No. N, June 20xx.
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import Jjava.

public class

privace
private
private
private
private
private

public Certificate (String fnsame)

HyIo fin = new MyIo(fname) !

n = fin.getlextInt ()

M = new long[n]:

for (int i=0;i<n;i++) N[i] = fin.getNextLongl():
nLeft = fin.getNextInt ()

L = new long[nLeft]:

for (int i

io. *;

Certificate {

int n; S number of nunkbers
int nLeft;

int nRight;

long[] N: S array of numbers
long[] L: f¢ Left partition
long[] ER: {4 Right partition

throws Exception {

O:i<nlLeft;i++) L[i] = fin.getNextLongi():

nRight = fin.getNextInt ()
R = new long[nRight]:
for (int i=0;i<nBRight;i++) ER[i] = fin.getMNextLongi():

fin.close () !

b
i

ff reads in file that has problem instance,
4 this is output by LD when & solution iz found

£

private
int lo
for (1
if

int findi{long =, long[]1l){
cn = —-1;

nt i=0;i<l.length && locn < 07 i4++4)

[L[i] == =) locn = i:

return locn;

left partition,

right partition

public Boolean check(){
Eoolean wvalid = true;
int locn = -1;
i /" CP4rH B micros & rumPart r



File Edit

Opkions

View Orientation Media Help

=S

?

SALRRRILZRE A 2

Mean Nodes Visited

le+09 p

le+08 |

le+07

nodes

le+06 |

100000

I |
early mean —+—
~late mean —-3--

10000
20

30 40 50 60 70 20 S0 100

number of numbers

File: nds.pz

Page: '"1" 1 0of 1

&
in:

[

£




nodes

Mean Wodes Visited

le+09 !
L | | ] ] I I I i
5 5 5 Mo oo Reflect on this ...
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You know that sorting is at best O(n.Log(n))

You know that when you increase the size of the data set (n) run time increases
This is kind of what we assume: increase n, increase run time

Is it not strange that in numPart as we increase n runtime eventually falls?
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FIGURE 6.  Average nodes searched by CKK to find the optimal partition (y-axis) against y (x-axis) with
k. = 0.96 and v = 1, and the problem input size, n log,(I) fixed at 6, 12%, 187, and 24%. Each problem has n
numbers drawn uniformly and at random from (0, [] with n varied from 1 to 36.
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9 [Hpublic class Partition {

10
11 int n;
12 Model model;
13 Solwver solwver;
14 IntVar[] D;
15
1e [H Partiticon{int[] w) {
17 n = w.length;
18 model = new Model ("Partition™);
19 solver = model.getSolver () ;
20
21 int total = 0;
22 for (int = : w) total = total + x=;
23
24 D = model.intVarArray("D",n,0,1); // decision ... left or right?
25 model .scalar{D,w,"=",total/Z) .post () ;
26 i }
27
8 = boolean solve() {
29 solver.setSearch(Search.minDomUBSearch(D)); // take 1 then 0
30 return solver.solve()
31 B }
32
33 o long stats () {
34 return solver.getMeasures () .getNodeCount () ;
35 - }
36 }
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Hpublic class Experiment {

=

private static int random(int d,Random gen) {
int x = 0;
for (int Jj=0;j<d;j++) x = x * 0 + gen.nextInt{ . 0);

return x;

}

s

// make a random number with up to d digits

'

public static vold main(String[] args) {
int nLow = Integer.parseIntf{args[(]); // number of numbers
int nHigh = Integer.parseInt(args[.]); // number of numbers
int d = Integer.parselnt({args[2]); // number of digits
int m = Integer.parselnt{args[3]); // sample size
Random gen = new ERandom() ;

for (int n=nLow;n<=nHigh;n++)
for (int i=0;i<m;i++) {

int[] w = new int[n];

for (int j=0;j)<n;j++) w[]] = random(d,gen) ;

Partition part = new Partition(w) ;

boolean solved = part.solwvel();

System.out.println(n +" "+ solved +" "+ part.stats()):



nLwb-nUpb-digits.txt

Sample size of 50 (very small)



Q’ Zhpublic_htmbcpMiweekByWeekiweekSnumParty 10-100-8.txt - Notepad++

File Edit 5earch View Encoding Language Settings Tools Macre  Run Plugins

Window 7

cHHER G sk 2% BEISTEDENo® @0 ED B E| &

B Decision java ﬂl B readmeta £ =] 10-100-81¢ E3 |. Partition java ﬂl B Experiment java ﬂl

888 29 false 13310515
989 29 false 37590115
950 29 true 54el8e7
9591 29 true 23773995
952 29 true 1€008564
953 2% false 18111301
554 29 true 7858315
955 29 false 25098033
956 29 true 4440437
857 29 false 41311401
958 29 true 18354495
955 29 false 2581865985
1000 29 false 23689735
1001 30 true 5159895
1002 30 true 7554270
1003 30 false 285544183
1004 30 true 4787350
1005 30 true 8e07101
100& 30 true 5883760
1007 30 true 13177314
1008 30 true 3934553
100% 30 true 1lée81832
1010 30 false 31417721
1011 30 false 32281335
1012 30 true 18469752
1013 30 true 13989615
1014 30 false 28131625
1015 30 false 46543703
1016 30 true 1512001e
1017 30 trus 10279917
1018

Mormal text file length: 14701 lines: 1,018

Ln: 1,017 Col:17 5el:0|0 Unix (LF)

UTF-8

INS
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& Gnuplot (window id: 0) — L] X
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] Gruplot (window id : 0] — L]
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