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1. �®áâ ®¢ª  § ¤ ç¨. � áá¬ âà¨¢ ¥âáï ¬¨¨¬ ªáë© ¢ à¨ â § ¤ ç¨ �¥¡¥à  [1]{[5]. �à¥-
¡ã¥âáï à §¬¥áâ¨âì n ®¢ëå ®¡ê¥ªâ®¢ v1; : : : ; vm ¢ ¢¥àè¨ å á¢ï§®© ¥®à¨¥â¨à®¢ ®© á¥â¨,
¢ ª®â®àëå à á¯®«®¦¥ë ä¨ªá¨à®¢ ë¥ ®¡ê¥ªâë. � ®¤®© ¢¥àè¨¥ ¬®¦® à §¬¥é âì «î¡®¥
ª®«¨ç¥áâ¢® ®¢ëå ®¡ê¥ªâ®¢. �ãáâì d(vi; vs) | ¤«¨a ªà âç ©è¥£® ¯ãâ¨ ¬¥¦¤ã ¢¥àè¨ ¬¨ vi
¨ vs ¢ á¥â¨, wij ¨ vjk | ¥®âà¨æ â¥«ìë¥ ã¤¥«ìë¥ áâ®¨¬®áâ¨ á¢ï§¥© ¬¥¦¤ã ä¨ªá¨à®¢ ë¬
®¡ê¥ªâ®¬ i ¨ à §¬¥é ¥¬ë¬ j,   â ª¦¥ à §¬¥é ¥¬ëå ®¡ê¥ªâ®¢ j ¨ k ¬¥¦¤ã á®¡®©, cij ¨ bjk | ¬ ª-
á¨¬ «ì® ¤®¯ãáâ¨¬ë¥ à ááâ®ï¨ï ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¨¬¨ ®¡ê¥ªâ ¬¨ ¨ ¯ãáâì I = f1; : : : ;mg,
J = f1; : : : ; ng. � §¬¥é¥¨¥¬ ®¡ê¥ªâ®¢  §®¢¥¬ ®¤®§ ç®¥ ®â®¡à ¦¥¨¥ � : J ! I, â.¥. ®-
¢ë© ®¡ê¥ªâ j à §¬¥é ¥âáï ¢ ¢¥àè¨ã v�(j). �¥®¡å®¤¨¬®  ©â¨ à §¬¥é¥¨¥, ¬¨¨¬¨§¨àãîé¥¥
¬ ªá¨¬ «ìãî áâ®¨¬®áâì á¢ï§¨ ¬¥¦¤ã ®¡ê¥ªâ ¬¨ ¨ ã¤®¢«¥â¢®àïîé¥¥ ®£à ¨ç¥¨ï¬

max( max
j;k2J;j<k

vjkd(v�(j); v�(k)); max
i2I;j2J

wijd(vi; v�(j)))! min; (1)

d(v�(j); v�(k)) � bjk; j; k 2 J; j < k; (2)

d(vi; v�(j)) � cij ; i 2 I; j 2 J: (3)

�  ¯à®¨§¢®«ì®© á¥â¨ § ¤ ç  (1){(3) ï¢«ï¥âáïNP -âàã¤®© [6]. �«ï à¥è¥¨ï § ¤ ç¨   ¤à¥¢®-
¢¨¤®© á¥â¨ ¢ ¥¯à¥àë¢®© ¯®áâ ®¢ª¥, â. ¥. ª®£¤  ¤®¯ãáª ¥âáï à §¬¥é¥¨¥ ®¡ê¥ªâ®¢   ¤ã£ å,
à §à ¡®â ë ¯®«¨®¬¨ «ìë¥  «£®à¨â¬ë [2], [5]. � [4] ¯à¥¤«®¦¥ ¯®«¨®¬¨ «ìë©  «£®à¨â¬
à¥è¥¨ï § ¤ ç¨ (1){(3)   ¤¥à¥¢¥.

2. �¨áªà¥âë¥ ãá«®¢¨ï ®â¤¥«¨¬®áâ¨. �§¢¥áâ  á«¥¤ãîé ï íª¢¨¢ «¥â ï ä®à¬ã«¨à®¢ª 
§ ¤ ç¨ (1){(3) [5]:

z ! min; (4)

d(v�(j); v�(k)) � min(z=vjk ; bjk); j; k 2 J; j < k; (5)

d(vi; v�(j)) � min(z=wij ; cij); i 2 I; j 2 J: (6)

� [5] ¯à¥¤áâ ¢«¥ë ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®¢¨ï á®¢¬¥áâ®áâ¨ ®£à ¨ç¥¨© (5){(6)
¤«ï ¥¯à¥àë¢®© ¯®áâ ®¢ª¨ § ¤ ç¨   ¤à¥¢®¢¨¤®© á¥â¨ ¤«ï ä¨ªá¨à®¢ ®£® z,  §ë¢ ¥¬ë¥
ãá«®¢¨ï¬¨ ®â¤¥«¨¬®áâ¨. �«ï ä®à¬ã«¨à®¢ª¨ ãª § ëå ãá«®¢¨© ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨
z áâà®¨âáï ¢á¯®¬®£ â¥«ì ï á¢ï§ ï á¥âì N(z). � ¦¤®¬ã ä¨ªá¨à®¢ ®¬ã ®¡ê¥ªâã i áâ ¢¨âáï
¢ á®®â¢¥âáâ¢¨¥ ã§¥« Ei, i 2 I,   ª ¦¤®¬ã ®¢®¬ã ®¡ê¥ªâã j | ã§¥« Nj , j 2 J . �¥àè¨ë Nj

¨ Nk á®¥¤¨ïîâáï ¤ã£®© ¤«¨ë l(Nj ; Nk) = min(z=vjk ; bjk),   ¢¥àè¨ë Ei ¨ Nj | ¤ã£®© ¤«¨-
ë l(Ei; Nj) = min(z=wij ; cij). �àï¬ë¬ ¯ãâ¥¬ ¢ á¥â¨ N(z) ¬¥¦¤ã ¢¥àè¨ ¬¨ Es ¨ Et (¨«¨ Nj)
 §ë¢ ¥âáï ¯ãâì, ¥ á®¤¥à¦ é¨© ¢¥àè¨ Ei, i 6= s; t. �¡®§ ç¨¬ ç¥à¥§ L(Es; Et : z) ¤«¨ã ªà â-
ç ©è¥£® ¯àï¬®£® ¯ãâ¨ ¢ á¥â¨ N(z) ¬¥¦¤ã ¢¥àè¨ ¬¨ Es ¨ Et. �®£¤  ãá«®¢¨ï ®â¤¥«¨¬®áâ¨ ¨¬¥îâ
¢¨¤

L(Es; Et : z) � d(vs; vt); s; t 2 I; s < t:

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ £à â  INTAS 00-217.
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�«ï ®¡é¥© á¥â¨ ãª § ë¥ ãá«®¢¨ï ï¢«ïîâáï â®«ìª® ¥®¡å®¤¨¬ë¬¨.
�ãáâì L(Es; Nj : z) | ¤«¨  ªà âç ©è¥£® ¯àï¬®£® ¯ãâ¨ ¬¥¦¤ã ¢¥àè¨ ¬¨ Es ¨ Nj ¢ á¥â¨

N(z).

�¥®à¥¬ . �á«¨ ¤«ï ä¨ªá¨à®¢ ®£® z áãé¥áâ¢ã¥â à §¬¥é¥¨¥, ã¤®¢«¥â¢®àïîé¥¥ ®£à ¨-

ç¥¨ï¬ (5){(6), â® ¢ë¯®«¥ë á«¥¤ãîé¨¥ ¤¨áªà¥âë¥ ãá«®¢¨ï ®â¤¥«¨¬®áâ¨:

8j 2 J 9i 2 I : L(Es; Nj : z) � d(vs; vi); s 2 I: (7)

�®ª § â¥«ìáâ¢®. �ãáâì ¤«ï ¥ª®â®à®£® z áãé¥áâ¢ã¥â à §¬¥é¥¨¥ �, ã¤®¢«¥â¢®àïîé¥¥ (5){
(6) ¨ ¤¨áªà¥âë¥ ãá«®¢¨ï ®â¤¥«¨¬®áâ¨ ¥ ¢ë¯®«¥ë, â. ¥. 9j 2 J â ª®¥, çâ® 8i 2 I 9s 2 I, ¯à¨
ª®â®à®¬ ¥à ¢¥áâ¢® (7) ¥ ¢ë¯®«ï¥âáï. �®« £ ¥¬ i = �(j). �ãáâì (Es; Nj1 ; Nj2 ; : : : ; Njp ; Nj) |
ªà âç ©è¨© ¯àï¬®© ¯ãâì ¢ N(z) ¬¥¦¤ã Es ¨ Nj . �ç¥¢¨¤®, ¤«ï ¤«¨ ªà âç ©è¨å ¯ãâ¥© ¬¥¦¤ã
«î¡ë¬¨ ¢¥àè¨ ¬¨ vq, vr, vt ¢ë¯®«¥® ¥à ¢¥áâ¢® âà¥ã£®«ì¨ª 

d(vq; vr) + d(vr; vt) � d(vq ; vt):

�§ ¤®¯ãáâ¨¬®áâ¨ � ¨ ¥à ¢¥áâ¢  âà¥ã£®«ì¨ª , ¨¬¥¥¬

L(Es; Nj : z) = l(Es; Nj1) +
p�1X

k=1

l(Njk ; Njk+1) + l(Njp ; Nj) �

� d(vs; v�(j1)) +
p�1X

k=1

d(v�(jk); v�(jk+1)) + d(v�(jp); v�(j)) � d(vs; vi):

�®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ¤®ª §ë¢ ¥â â¥®à¥¬ã.

�àã¤®¥¬ª®áâì ¢ëç¨á«¥¨ï ¢¥«¨ç¨ L(Es; Nj : z) à ¢  O(mn2), ¯à®¢¥àª  ¤¨áªà¥âëå ãá«®-
¢¨© ®â¤¥«¨¬®áâ¨ âà¥¡ã¥â O(nm2) ®¯¥à æ¨©.

3. �«£®à¨â¬ ¢¥â¢¥© ¨ £à ¨æ. �¯¨è¥¬ ®á®¢ ë©   áå¥¬¥ ¢¥â¢¥© ¨ £à ¨æ  «£®à¨â¬ à¥-
è¥¨ï § ¤ ç¨ (1){(3)   ¯à®¨§¢®«ì®© á¥â¨. �à¨æ¨¯ ¢¥â¢«¥¨ï ®á®¢    ¯®á«¥¤®¢ â¥«ì®¬
à §¬¥é¥¨¨ ®¢ëå ®¡ê¥ªâ®¢ ¢ ¢¥àè¨ å á¥â¨ ¯à¨ ãá«®¢¨¨ ¢ë¯®«¥¨ï ®£à ¨ç¥¨©   ¬ ªá¨-
¬ «ìë¥ à ááâ®ï¨ï. �¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ ¯®« £ ¥¬, çâ® ®¢ë¥ ®¡ê¥ªâë ã¬¥àãîâáï á
¨á¯®«ì§®¢ ¨¥¬ ¥¢®§à áâ ¨ï ã¤¥«ìëå áâ®¨¬®áâ¥© á¢ï§¨ ¬¥¦¤ã ¨¬¨. �¥à¥¢® à¥è¥¨© ¨¬¥¥â
á«¥¤ãîé¨© ¢¨¤. �î¡®¬ã ã§«ã   ãà®¢¥ j ¢§ ¨¬®-®¤®§ ç® á®®â¢¥âáâ¢ã¥â ¬®¦¥áâ¢® ¤®-
¯ãáâ¨¬ëå à §¬¥é¥¨© Dhj â ª¨å, çâ® �(j) = h ¤«ï «î¡®£® � 2 Dhj . �®àî ¤¥à¥¢  à¥è¥¨©
®â¢¥ç ¥â ¬®¦¥áâ¢® à §¬¥é¥¨©, ã¤®¢«¥â¢®àïîé¨å ®£à ¨ç¥¨ï¬ (2){(3)

D00 = f� : d(v�(j); v�(k)) � bjk; j; k 2 J; j < k; d(vi; v�(j)) � cij ; i 2 I; j 2 Jg:

�á«¨ Dhj 6= ;, â® á®®â¢¥âáâ¢ãîé¨© ã§¥« ¤¥à¥¢  à¥è¥¨© ¨¬¥¥â m ¯®â®¬ª®¢

Di;j+1 = Dhj \ f� : �(j + 1) = ig; i 2 I:

�¥âàã¤® ¢¨¤¥âì, çâ® ¤«ï «î¡®£® j ¢ë¯®«¥ë á®®â®è¥¨ï

Dhj = [
i2I

Di;j+1;

Di;j+1 \Dlj+1 = ;; i; l 2 I; i 6= l:

�ãáâì K � J | ¬®¦¥áâ¢® à §¬¥é¥ëå ®¡ê¥ªâ®¢   ®ç¥à¥¤®¬ è £¥  «£®à¨â¬ . �¨¦ïï
®æ¥ª  § ç¥¨ï æ¥«¥¢®© äãªæ¨¨, á®®â¢¥âáâ¢ãîé ï ã§«ã Dij ¤¥à¥¢  à¥è¥¨©, ¢ëç¨á«ï¥âáï
á«¥¤ãîé¨¬ ®¡à §®¬:

maxf max
r;k2K; r<k

vrkd(v�(r); v�(k)); max
l2I;k2K

wlkd(vl; v�(k));

max
k2J=K

[min
s2I

max(max
r2K

vrkd(v�(r); vs);max
l2I

wlkd(vl; vs))]g; � 2 Dij :
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�â¬¥â¨¬, çâ® ¨¦ïï ®æ¥ª  ®¯à¥¤¥«ï¥âáï ª®àà¥ªâ®. �àã¤®¥¬ª®áâì ¥¥ ¢ëç¨á«¥¨ï à ¢ 
O(nm(n+m)).

�á¯®«ì§ãï ¢ ª ç¥áâ¢¥ z ¨¬¥îé¥¥áï à¥ª®à¤®¥ § ç¥¨¥ æ¥«¥¢®© äãªæ¨¨, ¯à®¨§¢®¤¨âáï ®âá¥¢
¥¯¥àá¯¥ªâ¨¢ëå ¢¥â¢¥© ¢ á«ãç ¥, ¥á«¨ ¥ ¢ë¯®«ïîâáï ¤¨áªà¥âë¥ ãá«®¢¨ï ®â¤¥«¨¬®áâ¨.

�¥àåîî ®æ¥ªã ®¯â¨¬ «ì®£® § ç¥¨ï æ¥«¥¢®© äãªæ¨¨ (1) ¯à¥¤« £ ¥âáï  å®¤¨âì á ¯®-
¬®éìî ¨§«®¦¥®£® ¨¦¥  «£®à¨â¬ , à¥è ï § ¤ çã (1){(3)   ®áâ®¢®¬ ¤¥à¥¢¥ ¬¨¨¬ «ì®£®
¢¥á  ¨áå®¤®© á¥â¨.

�«ï à¥è¥¨ï íª¢¨¢ «¥â®© § ¤ ç¨ (4){(6)   ¤à¥¢®¢¨¤®© á¥â¨ ¢ [4] ¯à¥¤«®¦¥ á«¥¤ãîé¨©
 «£®à¨â¬. �à®¨§¢®¤¨âáï ¡¨ àë© ¯®¨áª ®¯â¨¬ «ì®£® § ç¥¨ï æ¥«¥¢®© äãªæ¨¨ ¯® à ¦¨-
à®¢ ë¬ § ç¥¨ï¬

z 2 f0g [ fwijd(vi; vl) : i; l 2 I; i 6= l; j 2 Jg [ fvjkd(vi; vl) : j; k 2 J; j < k; i; l 2 I; i < lg:

�à®¢¥àª  áãé¥áâ¢®¢ ¨ï ¨ ¯®áâà®¥¨¥ ¤®¯ãáâ¨¬®£® à §¬¥é¥¨ï, ã¤®¢«¥â¢®àïîé¥£® ®£à ¨ç¥-
¨ï¬ (2){(3) ((5){(6) ¯à¨ ä¨ªá¨à®¢ ®¬ z) ¯à®¨§¢®¤¨âáï  «£®à¨â¬®¬ SDLA (Sequental Discrete
Location Algorithm) [4].

�«£®à¨â¬ SDLA.

� £ 0. �¯à¥¤¥«¨¬ Kij := cij , i 2 I, j 2 J , I := I, J := J . �  è £ 1.
� £ 1. �á«¨ J = ;, â®   è £ 9. �á«¨ jI j = 1, â® �(k) := t, t 2 I, 8k 2 J , I := I=ftg ¨  

è £ 9. �  è £ 2.
� £ 2. �ãáâì t 2 I, â. ç. vt | ª®æ¥¢ ï ¢¥àè¨  ¨ vs | á¬¥¦ ï á ¥©. �  è £ 3.
� £ 3. �á«¨ Kij � d(vt; vs) 8j 2 J , â®   è £ 4, ¨ ç¥   è £ 5.
� £ 4. Ksj := minfKsj ;Ktj � d(vt; vs)g, j 2 J , I := I=ftg. �  è £ 1.
� £ 5. �á«¨ 9k, â. ç. Ktk < d(vt; vs), â® �(k) := t, J := J=fkg, ¨   è £ 6, ¨ ç¥   è £ 4.
� £ 6. �á«¨ Kik � d(vi; v�(k)) 8i 2 I, â®   è £ 7, ¨ ç¥   è £ 8.
� £ 7. 8j 2 J Ktj := minfKtj ; bjkg. �  è £ 5.
� £ 8. �¥â ¤®¯ãáâ¨¬®£® à¥è¥¨ï.
� £ 9. �®«ãç ¥¬ ¤®¯ãáâ¨¬®¥ à¥è¥¨¥.
�àã¤®¥¬ª®áâì  «£®à¨â¬  SDLA à ¢  O(n(m+n)). �àã¤®¥¬ª®áâì  «£®à¨â¬  à¥è¥¨ï § ¤ ç¨

(4){(6)   ¤à¥¢®¢¨¤®© á¥â¨ à ¢  O(m2n2 log(nm)).
�â¬¥â¨¬, çâ® ¢®§¬®¦  á¨âã æ¨ï, ª®£¤  ¤®¯ãáâ¨¬®£® à¥è¥¨ï § ¤ ç¨ ¥ áãé¥áâ¢ã¥â ¤«ï

«î¡®£® ®áâ®¢®£® ¤¥à¥¢ , ¯à¨ â®¬, çâ®   ¨áå®¤®© á¥â¨ § ¤ ç  à §à¥è¨¬ . � ¯®¤®¡®¬ á«ãç ¥
á«¥¤ã¥â ¨á¯®«ì§®¢ âì âà¨¢¨ «ìãî ¢¥àåîî ®æ¥ªã +1.

�à¥¤« £ ¥âáï á«¥¤ãîé ï áâà â¥£¨ï ®¡å®¤  ¤¥à¥¢  à¥è¥¨©: ¤«ï ¯®«ãç¥¨ï ¯¥à¢®£® ¤®¯ãáâ¨-
¬®£® à¥è¥¨ï ¨á¯®«ì§ã¥âáï ¯®¨áª ¢ £«ã¡¨ã. � «¥¥   ®ç¥à¥¤®¬ è £¥  «£®à¨â¬  ¤«ï ¢¥â¢«¥¨ï
¢ë¡¨à ¥âáï ã§¥«, ¨¬¥îé¨© ¬¨¨¬ «ì®¥ § ç¥¨¥ ¨¦¥© £à ¨æë.

4. �¥§ã«ìâ âë íªá¯¥à¨¬¥â . �à¥¤« £ ¥¬ë©  «£®à¨â¬ à¥ «¨§®¢    ���, ¯à®¢¥¤¥ ¢ë-
ç¨á«¨â¥«ìë© íªá¯¥à¨¬¥â á æ¥«ìî ¯à®¢¥àª¨ ¥£® íää¥ªâ¨¢®áâ¨. � áç¥âë â ª¦¥ ¢ë¯®«¥ë
á ¯®¬®éìî ¯ ª¥â  ILOG CPLEX 6.5 á ¨á¯®«ì§®¢ ¨¥¬ æ¥«®ç¨á«¥®© ª¢ ¤à â¨ç®© ¬®¤¥«¨
à áá¬ âà¨¢ ¥¬®© § ¤ ç¨, ¨¬¥îé¥© mn ¡ã«¥¢ëå ¯¥à¥¬¥ëå ¨ n+m2n +m2n(n� 1)=2 ®£à ¨-
ç¥¨©. �áå®¤ë¥ ¤ ë¥ £¥¥à¨à®¢ «¨áì á«ãç ©ë¬ ®¡à §®¬ á à ¢®¬¥àë¬ à á¯à¥¤¥«¥¨¥¬.
�¥è «¨áì á¥à¨¨ ¨§ 10 § ¤ ç ®¤¨ ª®¢®© à §¬¥à®áâ¨ (m;n) | ®â (10; 10) ¤® (500; 500). � à¥§ã«ì-
â â¥ íªá¯¥à¨¬¥â  ¢ëïá¨«®áì, çâ® á ¯®¬®éìî ¯ ª¥â  CPLEX ¥ ã¤ ¥âáï ¯®«ãç¨âì à¥è¥¨¥
§ ¤ ç à §¬¥à®áâìî (40; 40) ¨ ¢ëè¥ §  ¯à¨¥¬«¥¬®¥ ¢à¥¬ï, ¯à¨ â®¬, çâ® áà¥¤¥¥ ¢à¥¬ï à¥è¥¨ï
§ ¤ ç à §¬¥à®áâ¨ (40; 40) ¯à¥¤«®¦¥ë¬ §¤¥áì  «£®à¨â¬®¬ ®ª § «®áì ¬¥¥¥ á¥ªã¤ë. � â ¡«¨-
æ¥ ¯à¨¢¥¤¥® áà¥¤¥¥ ¢à¥¬ï à¥è¥¨ï § ¤ ç (¢ á¥ª.)   �� á ¯à®æ¥áá®à®¬ Intel Celeron 1000 MHz.
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� ¡«¨æ 
m n ��� CPLEX m n ���
10 10 0; 1 0,5 50 50 1
20 20 0; 1 13 100 100 3
30 30 0; 1 148 100 200 10
30 40 0; 2 488 200 100 24
40 30 0; 4 673 200 200 31
40 40 0; 5 � 500 500 390
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