* † ‡

Abstract

cities N N

%

TSPLIB

%

N

N C_{HK}

C_{OPT} N ±

c_1 ,c_2 , ,c_N cities {c_i ,c_j (c_i ,c_j σ tour length

i =1Σ N− 1

d(c_{σ (i)} ,c_{σ (i +} ) + d(c_{σ (N)} ,c_σ ) .

† ‡

symmetric d(c_i ,c_j d(c_j ,c_i 1 ≤ i,j ≤ N

x c_i and c_j ≤ i < j ≤ N ing x = c_i ,c_j

Minimize_{i =1}Σ^N_{j=i +1}Σ^N d(c_i ,c_j ).x

i = =kΣ x = ≤ k ≤ N,

S∩ {i,j}=1Σ x ≥ S ⊂ N},

and x ∈ ≤ i < j ≤ N

≤ x ≤ Held-Karp )

S

O(NlogN k-d

N^6

        TSPLIB
softlib.cs.rice.edu.

N

N^{(d −} d

N >

is

TSPLIB

N bound

/

N > Min and Max

For N ≤

N N

N ≤ 316

N =

100 .

TABLE 1.

%

N = N >

N N =

6 6

% N N ≤ % N = N = N N > N fixed N N N

N C_{OPT} as N

FIGURE 1. − C_{OPT} N N N 30% N

.

toroidal N ≤

100 .

TABLE 2.

N =

% % %

%

N C_{HK} N *(C_{OPT HK} − C_{OPT} and C_{HK} % % .

100 .

Cities

Samples Mean Dev.

316 200 .7408 .2341 .0649

316 200 .5649 .1757 .0487

316 200 .7460 .2260 .0627

TABLE 3.

L^∞ (L^1 N ≤ N ≥

k dimen- k

N. with N

N N

100 .

Cities

Samples Mean Dev.

316 200 .2760 .0976 .0270

316 200 .1844 .0656 .0181

316 200 .1421 .0537 .0149

TABLE 4. N

.^6

N would N N and

TSPLIB

% %.

ts225

100 .

Cities

Samples Mean Dev.

TABLE 5.

FIGURE 2.

TSPLIB

%

TSPLIB pla85900
                               TSPLIB

                                  TSPLIB

                   fl1577 and d1655

%

%.

called dsj1000 in TSPLIB N %

TSPLIB

%

fl3795

%

Cities

Samples Mean Dev. / N

316,228 39 .70892

.00035

.00022

− / N

TABLE 6.

N. C_{HK,p} (N N for N

N

N ≤

N are

N ≥ N > C_{HK,p} (N N =

N

C_{HK,p} (N) ∼ .70805 + N^{.5}

.52229 + N − N

(a +^{.5} N Θ( N

95% N

% C_{HK} ±.00007. C_{HK} by

C_{HK,p} (N N ≥ N 2 C_{HK}

C_{HK} is

C_{HK} N C_{HK,t} (N

Cities

Samples Mean Dev. / N

31,622 783 .70791

.00108

.00015

− / N

TABLE 7.

N = N

C_{HK,t} (N) = .70794 + N .10081

% C_{HK} is .70794±

C_{HK} ∼ .70795±

N ≤ N.)

N = N =

drand48

% for N =

%

N =

6 6

N =

% N =_5

N =

cities N N =

N

N ∈

C_{OPT}

estimated C_{OPT} . 2 ∼

C_{OPT}

% C_{OPT} N ≤

% %,

N =

C_{HK} C_{HK,t HK} < 1.00017. N = % C_{HK} C_{OPT} ∼ .7124.

C_{OPT,t} (N N ∈ C_{OPT,t} (N) N =

that C_{OPT} ∼ .7124±.0002.

.7120 ±

for N ∈

C_{HK} C_{OPT}

± ± .0002 ± ± .0007 ± ± .0005 ± ± .0003 ± ± .0003

TABLE 8. N

C_{HK} and C_{OPT}

d N^{(d −}

C_{OPT} = .6978 ± C_{OPT}

d = d = 3 d = 4.

N

C_{HK} C_{OPT}

C_{OPT} ∼

N =

Acknowledgment

bounds.

References

PPLEGATE IXBY HVÁTAL, AND OOK

1995.

EARDWOOD ALTON, AND AMMERSLEY

Soc. 55

ENTLEY

18 (1975), 309-517.

HALLCROSS

Lett. 8

IECHTER

51 (1994), 243-267.

OEMANS ERTSIMAS 16 RO .. TSCHEL OVÁSZ, AND CHRIJVER, Geometric

1988.

ELBIG-H RARUP

problem,’’ 7 ARP 18 (1970), 1138-1162. ARP 1 ELD OLFE, AND ROWDER

6 (1974), 62-88.

AILLET

3 (1992), 582-592.

OHNSON

OHNSON

ence 443

OHNSON PPLEGATE CGEOCH, AND

ROTHBERG

OHNSON ENTLEY CGEOCH, AND

ROTHBERG

CGEOCH

OTHBERG

APADIMITRIOU

Comput. 11

NUTH,

É_{ZARD} 8 218.

AWLER ENSTRA INNOOY KAN, AND HMOYS, HOI E 50

UANG 43 ARTIN

lem,’’

EINELT

library,’’ 3

EINELT,

EINELT ALAGRAND

Probability 17

ILLIAMSON

tions,’’ 35

HOMPSON

Ann. 1 TEELE

6 (1989), 374-378.

TEIN,

ONKER 9 ONES

OLSEY 13