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Abstract

Finding or automatically generating problem instance is useful for algorithm analysis/test. The topic has been of
interest in the field of hardware/software engineering and theory of computation. We apply objective value-distance
correlation analysis to problem spaces, as previous researchers applied it to solution spaces. According to problems, we
define the objective function by (1) execution time of tested algorithm or (2) its optimality; this definition is
interpreted as difficulty of the problem instance being solved. Our correlation analysis is based on the following
aspects: (1) change of correlation when we use different algorithms or different distance functions for the same
problem, (2) change of that when we improve the tested algorithm, (3) relation between a problem instance space and
the solution space for the same problem. Our research demonstrates the way of problem instance space analysis and
will accelerate the problem instance space analysis as an initiative research.

Key Words : Problem instance space, objective value—distance correlation, sorting problem, 0/1 knapsack problem,
travelling salesperson problem
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Algorithm 1. Local optimization algorithm adopted for
sorting problem instance space.
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Table 1. [SORT] Statistics of problem instance space for instance size 40
SIAEA 37| 40
= & = A5t
MY gn2|& 2| o X| gl el 2 2| HX| gl el 2
# of local optima 10,000 10,000 10,000 10,000 10,000{ 10,000 10,000 10,000 10,000 10,000
# of best local optima 1 5545 1 1 1 2 2 1 1 1
best Q 531 177 336 581 329 240 133 264 268 145
avg Q 393.96 175.70 321.38 435.81 251.77| 266.42 152.13 285.39 415.01 177.09
std Q 23.87 1.94 416 4272 18.22 6.24 3.78 5.49 42 67 10.27
max D 782 772 778 722 788 768 780 738 710 798
min D 238 208 226 192 200 222 188 206 182 228
ol ek avg D 525.97 514.78 524.53 468.39 528.97| 505.62 524.58 472.15 460.27 522.44
el std D 55.13 57.47 54.84 52.10 57.67 56.43 61.54 52.79 50.68 55.61
Cov(dOthers.Q) -8.25 -4.67 -12.08 106.32 -23.72 48.25 9.71 37.77 -150.40 21.10
Corr(dOhters,Q) -0.05 -0.23 -0.39 0.24 -0.19 0.52 0.26 0.51 -0.38 0.24
max D 39 39 39 39 39 39 39 39 39 39
min D 23 24 24 22 24 24 24 23 23 24
ol avg D 35.62 35.64 35.66 34.00 35.70 35.44 35.66 34.43 34.12 35.66
el std D 1.66 1.66 1.65 1.74 164 171 1.66 179 1.74 165
Cov(dOthers.Q) -0.26 -0.02 -0.11 -3.61 -0.10 0.42 0.05 0.64 1.18 0.11
Corr(dOhters,Q) -0.11 -0.17 -0.58 -0.23 -0.19 0.35 0.15 0.30 0.18 0.17
max D 40 40 40 40 40 40 40 40 40 40
min D 29 28 30 27 30 28 28 28 27 29
sHal avg D 38.89 38.92 38.93 37.27 38.99 38.72 38.95 37.77 37.83 38.94
Azl std D 1.05 1.05 1.03 1.23 1.01 1.13 1.04 1.27 1.47 1.03
Cov(dOthers.Q) -0.28 -0.02 -0.11 -3.34 -0.08 0.41 0.04 0.49 0.97 0.11
Corr(dOhters,Q) -0.12 -0.16 -0.61 -0.19 -0.16 0.34 0.15 0.23 0.18 0.16
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Algorithm 2. Local optimization algorithm adopted for 0/1
knapsack problem instance space.
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Table 2. [0/1KP] Statistics of problem instance space before and after improvement[17] of a greedy algorithm

# of best best Q avg Q Corr(dOthers, Q)
2 o4 |2chay 223t 272@'&* # of local optima |4 B A F A B HA E|Aa H M | e & | s
0
0.25 10,000 1 1] 0.39 0.34 0.03 0.01 -0.05 -0.03
= 8t 0.5 10,000 1 1] 0.21 0.19 0.02 0.00 -0.04 -0.03
10 0.75 10,000 1 11 0.16 0.15 0.01 0.00 0.01 0.01
0.25 10,000 7589 9,610/ 0.00 0.00 0.01 0.00 -0.03 0.00
ESpakely 0.5 10,000 7577 9,659 0.00 0.00 0.01 0.00 -0.01 -0.01
0.75 10,000 8,361| 9,868/ 0.00 0.00 0.00 0.00 0.03 0.02
0.25 10,000 1 1| 0.18 0.11 0.02 0.01 -0.04 -0.03
=|ch st 0.5 10,000 1 1] 0.09 0.07 0.01 0.00 -0.04 -0.02
20 0.75 10,000 1 1| 0.06 0.04 0.01 0.00 -0.02 -0.02
0.25 10,000 6,959| 9,468/ 0.00 0.00 0.01 0.00 -0.01 0.01
=25t 0.5 10,000 6,994| 9,500| 0.00 0.00 0.00 0.00 -0.01 0.00
0.75 10,000 8,155| 9,818| 0.00 0.00 0.00 0.00 0.02 0.01
0.25 10,000 1 1| 0.08 0.07 0.02 0.01 -0.03 -0.03
Z|Ch st 0.5 10,000 1 11 0.05 0.04 0.01 0.00 -0.02 -0.01
30 0.75 10,000 1 1| 0.03 0.02 0.00 0.00 -0.01 -0.01
0.25 10,000 6,805| 9,490/ 0.00 0.00 0.00 0.00 -0.01 0.00
ESEatel} 0.5 10,000 7,078 9,554| 0.00 0.00 0.00 0.00 0.02 0.01
0.75 10,000 8,110| 9,795| 0.00 0.00 0.00 0.00 0.01 0.00
04 Before Improvement, dOthers Before Improvement, dBest "01'7_%74] 7]- O—Fﬁﬁﬁ Zﬂv‘%— LE‘LEH'X] ‘3}% 751]-0]14—
0.35
Son Input: w310 € A2 FA AXEx, Adgad A,
%O"é Output: 4°] XA HAH. //AG,): A9 (i,j) 94
§01 for each A4(i,5)
0.05 {
2\99 Distance from &he?olfocazltsgpﬁ?r[])g Distance tBest oca?o()ptzirsr?umsoo A (7‘7]) +1 ’ A (Z,j) - L A (l;]) % A 94 %Fﬁ' %)C—%
(a) 7 F(dOthers, Q) (b) 7HA1 F(dBest, Q) 7Hg ARATIE g AT
Aelst ko7 A(i, ) S vk
After Improvement, dOthers After Improvement, dBest }
0.35 0.35
0al 03 return 4;
gom 502 2A02|E 3 wE ol BH AAHA JZoM
2 2" R L ERInEES
8 o4 8 o4 Algorithm 3. Local optimization algorithm adopted for
0002 Co0s travelling salesperson problem instance space.
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Fig. 4. [0/1KP, 10 items, weight coefficient 0.25,
objective value maximization] Objective value-distance
correlation before/after improvement[17] of a greedy

algorithm
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Table 3. [TSP] Statistics of problem instance space
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?Hl;j / E,f L# of.local ft of best | avg std Q max D | min D | avg D | std D |Cov(dOthers, Q) |Corr(dOthers, Q)
HE sast| T optima best Q Q
2ty 3 5 10,000 1 0.32| 0.00| 0.01| 1512.00 66.00| 665.71| 148.63 0.00 0.01
o & 10 10,000 1 0.70| 0.04| 0.07| 4876.00| 1372.00| 3000.54| 315.67 0.94 0.13
e 5 10,000 9,787\ 0.00| 0.00| 0.01] 1512.00 64.00| 665.70| 148.68 0.00 0.00
10 10,000 5327| 0.00| 0.04| 0.07| 4869.00| 1371.00| 2997.21| 315.40 0.88 0.13
e 5 10,000 1 2.89| 0.01| 0.08| 1332.00f 182.00| 667.08| 105.37 0.17 0.07
H|CH & 10 10,000 1 212 0.29| 0.23| 4251.00| 1802.00| 3005.35| 223.56 2.81 0.17
5 e 5 10,000 9,099| 0.00| 0.01| 0.08] 1332.00| 182.00, 666.63| 105.31 0.13 0.05
10 10,000 922| 0.00| 0.29| 0.23| 4230.00| 1791.00| 2991.52| 222.91 2.49 0.15
E 4. [ Eofd 2H] off Zztoll 2tst S
Table 4. [TSP] Statistics of solution space
EE Foidl E:' # ofllocal f# of best Q|avg Q|std Q|max D|min D avg std D| Cov(dOthers, Q) | Corr(dOthers, Q)
2E! = T optima best D
GA worst 5 4 2 5/ 53.50| 4850 4.00f 3.00[ 3.33] 047 0.00 N/A
10 6 2 11| 120.33| 88.60| 8.00| 5.00| 6.93| 1.12 7.29 0.87
oy GA best 5 2 2 126| 126.00| 0.00| 4.00| 4.00| 4.00| 0.00 0.00 N/A
10 34 2 189| 235.65| 20.99| 8.00 3.00, 6.48| 1.14 0.80 0.18
Random 5 2 2 183| 183.00| 0.00| 4.00| 4.00, 4.00| 0.00 0.00 N/A
10 18 2 175| 229.33| 25.63 8.00 3.00 6.38| 1.32 477 0.69
GA worst 5 4 1 5| 139.50| 78.81 3.00 3.00f 3.00{ 0.00 0.00 N/A
10 1,071 1 10| 275.35| 61.23| 8.00) 2.00| 6.70| 1.01 5.46 0.82
H|CH & GA best 5 4 1 133] 164.25| 29.63| 3.00 3.00, 3.00| 0.00 0.00 N/A
518 10 1,098 1 115] 271.94| 46.21 8.00f 2.00f 6.76/ 1.00 2.58 0.62
Random 5 2 1 135| 149.00| 14.00|{ 3.00| 3.00/ 3.00| 0.00 0.00 N/A
10 967 1 126| 281.57| 43.51 8.00f 2.00[ 6.69| 1.02 2.96 0.64
E_ %'__:5‘01] }\‘] %/ﬁ‘ —‘tg‘— %iﬂ %_0‘____ == X‘;]] - t]g i} Maximization, dOthers Maximization, dBest
2-opt[111E A%t (o] GR2opt)oltt. =, wl =3t o C B
Vg AL vgor WEE £ 9 EAE Adsd E E
ol Ang FITE o JRE 2-optE T3 A ‘
B g Folrh B mEdME o #alo xu s |
dal %4 g4s (P0)-19 Ze] Ao@rh P = o \
GR2 pt7]— :|]‘73,} J/]io:] 53 H]%—O]Uﬂy O——t—- ?_:,]_'EqZ\_]_ ‘%]Z_']' ??]_’ 9A7\105D?sance rom Other ucgfptﬁ'ﬁg[ Dlst;#ceto BestLocaIOptlrﬁumSOO[
aelgel ek Aol Yul ot Aol upe gk (a) Zth3HdOthers, Q) (b) =cH&HdBest, Q
) 0]“4 A gholth,
FEEE cIamd T4 dzxgxe) g gk &
]‘H:HH A= X‘” ?_l_i\——]f’_‘]_/\ t E}‘]QA HZ] 7]_ _2’_0_1;‘(_1 7)_10] 25 ‘Minirr\ization, dO‘thers‘ 25 Minimization, dsest
g WAl A el E vl gute] Fold) solng . g 2
AEA SlE G adze ¥ gow, gl g}
A 2 ez S 27 Nyl MEZ 2 5 Q) : |
G, werd BA Qsuss 1o AdzA A4asul ; }‘
}\og;j%]_j]‘ ﬁj’ﬂd7§atjﬂ ?ligifo}ilﬂ i] il E]— ;?l% I%?tncrchercalgtir?-laao[ ’ Dlstangegg%ﬂejtfeogt Iggg?oﬁﬁ'gugnom
T Mnhattan - ‘ () Z23HdOthers, Q) (d) #l23HdBest, Q
dpgp(A,B) - ZIA i-j) = Bli.j) ® a7 5 [2slEolel 28, TAl £ 10, bldiE olxuH
- o] A 5| S 5 g] %&!EJ\' 7‘IE-| gl'jl.:l"?:l'ﬁl
AN AlLg) & JXH Eg Al (i) el ok Fig. 5. [TSP, 10 cities, allowing non-symmetric
Aew Ao A4 dmaze agade 7 ox adjacency matrix] Objective value-distance
o AT HMAS SrHEY cEves onoes correlation
5 Addz Ba Hd +19F HIAA BEL3S
Mg} (daElE 3 3

421



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 4, August 2012

GA Worst, dOthers GA Worst, dBest

450 450 .
400 : . 400 N
350 350 :
2300 w300 N ‘
] ©
S s :
250 =250 P
2200 2200 H
8150 | 8150 HE i
ol - . | 8100 :
50 °° |50
[oR 0
53 6.4 65 06 67 068 69 7 7

42 8 4 5 6.7
Distance to Best Local Optimum

(b)GA Worst (dBest, Q)

1
Avg Distance from Other Local Optime

(@)GA Worst (dOthers, Q)

GA Best, dOthers GA Best. dBest
450 450 —————
400 400 .
° :
S350 S350 !
] o .
=300 =300 Do
o 2 |
-§ 250 -§250 i
5200 gQOO |
Ois0 1 180 :
100 100

64.65 66 67 68 69 7 71
Avg Distance from Other Local Optima

(c)GA Best (dOthers, Q)

1 2 3 4 5 6 7
Distance to Best Local Optimum
(d)GA Best (dBest, Q)

A Random Instance, dOthers A Random Instance, dBest

i

H

63 64 65 66 67 68 69 7
Avg Distance from Other Local Optima

(e)Random (dOthers, Q)

T2 3 4 5 6 7
Distance to Best Local Optimum
(JRandom (dBest, Q)

O 6. [=3 el 22X, Al $10, Hiof 2 ol H
5|2] GA Worst, GA Best, 12|11 2loo] £ 2AE Ao
CHsh sif SztollA{el AbabatA|
Fig. 6. [TSP, 10 cities, allowing non-symmetric
adjacency matrix] Objective value-distance correlation
for solution space of GA Worst, GA Best and random
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