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GA MENLO >APRQ EHBSA(edge histogram based sam-
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©.³�¿�Òpv� ��p��¸p �ªÃ�~�#Ä��è­Z:'ñH�xÅCÆ�  GA N TSP �2/iñ�129R:�-�*K�ª�oH�yª>ñ�dr/�ò� �.�Ô F [ �,I�õ*�p±�¿4�?�0Ç�È�¿2�C�0E�ÉL­>¸L��³Lªc´

Ï.Ð F ¶RKpî���ò F#Ê ¾��.��ÿ����&QL-%�cdFñ�¿ ª ñcK µ������N·OË%Ì� ,+�-�»
��ï�o��4.*Ô F [ �,Iy©�³%¿#����¸� 3­�Í#Î���¼HîC@�³ZÏ�°���¿4Ð�Æ��  ñ�À�Á
¾� �ïZÑL­OÒ�-O1§-c©nKVÇ%È:ª�Ð�Æ��x¼yñcÀ�Á�¾� �¾�­>¸L�N�AÇ%È F ��-*d ¿�Ï
Ð ª2-O1RÓ�EÔd ¥���-Cî�òL@�³Õ_ ¥&��-O1	NtÐ&Æ���½i¾ F ò�ò,�yª ñcK(.*Ô;N [
�,I�Ï�Öy ¶ª0)0×¹¿�)(hÕ�> �.*ÔH� TSP �,�Ro,��Ø%Ù4Ú#Û�Ü�3�5 F�Ý?ÞRß,à î&@1�ñCá�þZÚJ<nâ�=�ã F Ð�Æ ß  yî?@Z1�ñCá?)RÜ ß,äLå&æ i�ç F [ á,I�/Lèc_êé435 æAë Û æ þZÚ	<nât=�ãpìZí�¯HîZî�ï ß $&9RoLáC)CÜ ß ¢�ð FCñ ò%h�1�ñ%10é0òó§ô �õW%¸�/#öphLá�Ü ñcK÷Ð&Æ ß Ð�3�5�6�í.î�ø�ù�ú�û&ü2é4ý?1 æ ò ó�ô öphLá
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Ü�þ æ �%� æ%ÿ2F $p9�� ô���� Ü��ÕKõé#3�5 F���� á æ Üxì
	��45 ß�
 � 
 ��d���4Í#Î 
������ Ü GA ì��%² F
� �0I��r��é TSP
ß

GA
ô 9&:Õ-Ã������ pü4��0Ä%� ô������! #" Ü%$#&('�é*)�+-, 
(
/.1032Ræ�4�5Jô�6(�7�8
79%: ì 
�0�


��;=<�>?ì�?A@(B�CAD�EGF æ�HAI§ôKJAL�ß-� é!MAN#O æ GA
æ(P ÚRQ	âTS�ã æ,ÝU ô�VW�X9Y� á ( ZX[�\�] [1]) ;

< æ# #"�
_^A`~æ�a é!b�c æ(P ÚRQ	âTS�ã æ MX�_d�e�O/f ô�gGh/i*j EGFlk ßÝ U � á�m-n 
�4�5 Ü ��:�o�p#q Ù4Ú GA Ü�r('�>LáGs æ*t�uwv�x > : �Cá�;�<
>*ìZé!yAz æ{ #"�
_|�}A~A��� EGF*�  -�����A�§ô b��������!�{�(� �A�A�(�R�o�pXqA�!���
���w� ����� qA��� �8�#��� :
������� b�� �-� ; oApXq��/� GA� ��:�� � PBIL, compactGA, ECGA(extended compact GA)( Z�[l\(] [5][6])



� tG���lt ����� �G�X��  � . � toy problem ��¡ 0 >!��y�zR� GA �_¢A£�, 
¤����G���
¥�¦G§�j E7¨ h�©!ª�«�¬ TSP �*­(� : � ¤��#�A  � . �¯® 0 > 
 �!;o�pXq��/�

GA �������(n TSP �!­(� : ��°(± 
 � ¤�� � ��:�� EHBSA ( ZX[
\�] [4])

t����lt � P�� Q�¨TSA² t*³A´1x > : � �!µ����
¶(� ��·��A¸ 98x > :¹ � � �lº ¹ V ¹ ; o�pXq��/� GA
� y�z-� GA

��»R¼  X" ���!�{�_° 
 � ��½9 �_B=CAD!E�F ¬/¾À¿Á
�ÂXÃ�t�ÄAÅ�� �Æ<�> 0 ��Ç#È
É�ÊA�#�  !Ë�: ����N#O tÌ7ÍR9 �(ÎGÏ � < � � [(& � � � EHBSA �!Ð�Ñ ��H�I ,�Ò ÂXÃ �(B=C�D/E�F �
·�Ó�Ï � < � �_Ô�Õ ��¶(� � ��� � [(&��AÖ�×�Ø �KÙ Ò Ë nl;ÚAÛ{� � SGI Altix 350 (Itanium2 × 8 , memory:40GB) k �*Ù Ò ¹ �*ÜAÝ(Þ-�
OCaml-3.08 �lß�à qG§Aj E � � ��: ocamlmpi-1.01

�8� ¹ � g�h B#á �#� ocam-

lopt
glâ=h�ãT��ä ¹ Ù Ò Ë n
;-å/n_� ÚAÛ-� ��Ö-,��Àæèç���È ����� ;

1.2
é ê ë ì

Ö(íA\���î�� ��ï ��ð �T����� ;
ñ

2 ò TSP
�

GA �
­ ¹ :�ó�ô ÒlõXö ��� �G����÷A� o�p#q��!� GA ��­ ¹ :ø � ��Ô ® ��ù#ú-� ;
ñ

3 ò EHBSA � P_� QR¨3SA²G�*­ ¹ :�ù�ú-� ;
ñ

4 ò ø ��t�û�üW� n ÂXÃ �*­ ¹ :
ùGú-� ;
ñ

5 ò ø ��t�û�üW� n(ý ¥Aþ ²G�!­ ¹ :
ù�ú-� ;
ñ

6 ò ûGÿ ? I �*­ ¹ :
ù�ú-� ;
ñ

7 ò ûGÿ ? I ��å ������� ÷-��� « �*­ ¹ : �/[��R��­ ¹ :
ù�ú-� ;
2



2 TSP
�

GA

2.1 � 	�
 �
Ö�
 �#� �AÖ�×(ØR� þ E â������ TSP( �=ç��#E ��¥�â�h
ª_« )

�
GA( ����,Pl� Q=¨ÁS(² ) �*­ ¹ : � óGô �
õ{ö � �=���l÷ oAp-qA�/� GA �*­ ¹ : ø � �

Ô ® ��| &�Ò tw0 ù�ú-� ;

2.2 TSP

�{ç���E �G¥AâRh�ª�« � � ����E ��¥AâRh�t�� & 0 >Gn����GÏ ú(:X� æ ç!��­�#ª���: ���/����� �! #" � �%$'& � ¹ &�ª8«����(� ; ª8« ø �{�lô)( ÒA� µ*t ����-��° t�* & � � Ü�Ý,+�- t).�/ ,�� * & : ��0�1�2 �43 � � < � ��û,5 k�67 O���Ò � ; ¹ Ê�8 � NP 9�: ª�« � ��: � §<;>= ý ;@?BA!¥�¦�§�j E7¨ h*©!ª«
(JSP)

��C .���D'E Ò ª�«��G��� ;�Ö�×AØ ����ô%( �GFA°R� $!Ë�: �����IHKJ� b(� � �-��> 0_� : :%�-ª Ï �'$K& �_� � ¹ &ML#� <l� ª�«Æ� · ú n
;

2.3 GA

GA( ���-, P�� Q�¨TSA² )
� � � Darwin �GN(ÎAí � ����åAå P�� Q�¨TSA²�� �

nXs_� µ ;�Ï�Ò*Ê�OK� � & 0 >�n�P�QSR � � ��� �X� t*|�T �VU�W#X�Y �=9��[Z� �#�A� ø W �X���G\ ¤ Ï �K���{  � b Í�] � � ��^��4*�¬ Ï=< � t��-Í!�'$,&
�
Ï � < � � �`_���0�1�2 ��3 � � < � � Va� ¹ ª�« � �(� 2 �43 � �K4�5G���� ; GA

��¾ ¿ ÒBb'c �%dfe1x > : Ð � � TSP ��2 5R� ��� a!� s JSP
�gC .

� s Ë � s DfE Ò-s_� � ��h 9%270 ×�Ø x > : Ð � � ¾ ¿ Òji�kfl�Ò,m�n�o ¹ �
([1]) p

2.4 q r s t u GA

2.3
�lù�úfvf$,&�w � GA

� U�W�X�YW� ø W�x#y � �AÖ � ��v�z��|{ ¨�}A² �)~��¤�e����/Ú����,��w8ûAü Ï � l �<� n � ¹'��¹,� ÒI� � 6 ø W Òj���'l D���$&GwI�K�f� p
3



å�� � Darwin �jN�Î�í wK$#� U�W�X�Y�� ø W�x�y�� �����j�S�fwK$�Ë o�\��� Í Ò��S�j� �jx�y m�n � \�� � Í�� �j���#��l�� ^ ��¡�¢<� � w�£f�>� � � &¤��B¥�¦ l �K§ W � n � ø W P�Q � (�¨�wG©�ª �S« �B¬ l �4­�® � � o�� � �j�� ��¯ ��°�°�±�²�³%´`µ'¶ wj·S¯�¸ � ¢K� � ��¹,º���»�¼�½ µ'¶`��¾|¿`l)ÀSÁ w�jÂ�ÃaÄ wÆÅ �%p|° vj��§�Ç�È�É �BÊ ���K� � �BÊ ��Ë �jÌ�Ä o`Í ÅÎ£'� p° vI�`Ï�Ð ��Ñ�Ò � � Ñ�Ò#�|��ÓKÔ)Õ#Ö �`×�Ç#Ø�Ù Õ#Ö ��Ú%Û � � £ÜÅ@� Ñ�Ò�ÜÝ � w�Þ#ª|ßGà l�á � p � nãâ �!ä�å (linkage)
� ��� � Ñ�Ò���æ'ç`è`Ñ�Ò%��é�Iê � Ñ�Ò#�S��ë�ì w�í�î mGn ��ï�ð�¦ l � nãâ�� � � �Îñ ��òI� TSP

w�ó�¢K�È�É � GA � Ã�ô � � ¤��'�f� � l�õBö � á � p� �,÷ ¸!£S� � �B¤��f� � �)©�ø � zIù�{|ú }�û���üK�jý�þ'ÿ�� ����� ï<�%¯�'°�° w�� À|Á w Â�Ã�Ä è ¢ �S÷ ¸ � ° v Ê ���,�'w�� Ö ��wGÏ��
	 ÿ £�� ô �Ä�
 Õ%Ö���� ù GA ��¾,¿ � � ¸ ����á � � ¦ � � ¸���� �'÷ ¸g£ Õ�Ö���� ù GA��� � Ï�Ð �������,��� î � 	 ÿ £ ��� ��Ä 
 TSP ! óf¢|� EHBSA � ª#"'¢���%$�&S�#£
EHBSA ��' ù)(�ú+* û��-,/. �-0 3 1 ��2�3 ���

4



3 EHBSA
4 5 6

3.1 7 8:9 ;< 1 � � EHBSA ��=�>?! ­�@ � 
 EHBSA ��' ùA(SúB* û�!�C�� 
 ,�. ¢�D �°%E sampling
� FK£Æ¸GßHG � OCaml �?Ijµ�J � K'¢-�

3.2 L M
EHBSA(edge histogram based sampling algorithm) NIÕ#Ö��%� ù GA O#' ùA(úP* û�O ÚRQTS áVUXWZY%[����/! ó�¢�D Ã � ý�þ ¢�D O
! îT\TD]� Õ�Ö���� ù GAN�W 0 2 1 S 2�3 E,÷ ¸ !�W�^`_
O�a &
b
c�� Õ#Ö��%� ù S�d#e ¢`D �fW EHBSAS N�g]h � EHM(edge histogram matrix) i \Æ¸jF
k S F,£<¸�� C,°)UlWHm�n t O^`_��fá�o�Epi « WVg]h ¬ â EHM t

� C Å UlWVg]h �Gî�\ 
 sampling
¢`D gTiS W
m#n t + 1 O�^`_ � C Å]D�� g]h �<Å Urq ¢ gTi S ÷AUts \ Ãvu ý�þ ¢?D��

EHBSA O�' ùp(�úw* ûTO�x�y £�z h�N�{AO�÷ ¸ ! £�D��
1. a & u ¼ ²�|Bû�! ©#}
2. ~#�������4µf¶ u î�\ W
�
��^?_ u C Å]D
3. g-O�^/_ ¬ â EHM

u � }
4. g-O EHM

u ­ !H�#a & u�� ²�� ú ²R�-� D
5. �/�-�#���R�?E���h D ° S W�J������v� ¬ âR� u Å Urq`� �

3.3 EHM

m�n t OH^`_ u P (t) W ¯ O k ����O �#� u st
k iw� D�� st

k N N(= �
�?O G ) OH��RO�Y k S á�UXW st
k = (πt

k(0), πt
k(1), . . . , πt

k(N − 1))
Sf  � �g�O)i « EHM t(et

i,j)(i, j = 0, 1, 2, . . . , L− 1) O���� et
i,j N�{AO,÷ ¸ !  �¡ D��

et
i,j =

{

∑L
k=1(δi,j(s

t
k) + δj,i(s

t
k)) + ε if i 6= j

0 if i = j

5



E�¢ Ä W L N�^/_ G W δi,j(s
t
k) N�{AO�£ Sf  �Hh D � ù ¶ ß�GT�

δi,j(s
t
k) =

{

1 if ∃h[h ∈ 0, 1, ...N − 1 ∧ πt
k(h) = i ∧ πt

k((h + 1)modL) = j]

0 otherwise

ε N�W »S¼�½ µ'¶ Bratio !f÷fo 
 {/Of÷ ¸ !H¤�¥V��hfW/g�h�N � ²�� ú ²��]¦ u§�¨ � D-� C�°�UlW�g�O-©��Rª�« \f¬<¼`­ |�û�! � ­ � úf­ �T��h�W�®/¯ \f¬ W
EHM O�°�±�²´³µU�! � ­ � ú�­ ����h D 	 ÿ ï �`üv¶ D��

ε =
2L

N − 1
Bratio

g h�¢�· S N b�¸ U´! Å¹\ iPº ¸ O S EHM O�»�C)¾|¿�!RC \ 
 W
® Ä+¼�½ �D i et
i,j N�mTn t O-^?_�O��
! i W j �
¾�¿ Ä�
 \`D�À O%�%Í \f¬ W�ªÁ« Å ¯ D��m�n t O�^/_%��Â�h?¶ S ! ~#� u Ã · 
 W
Ä
Å?¯�a & �fÆ�«ZÇvo 
 \�D g�i u�ÈÉ D iBW`Â%O���!IÍ Å ì â¹h D Ê �?N,÷pU�s Å �#Ë�� D O�!�� î S á D i È É âh D�� ÷%o 
 EHM O��T� et

i,j �fÌpO����?O-©ã÷pU ü)·Rh ò W i W j Nf¾�¿�� ¡�
³ \ EHÍ���s \ ¢�Î ¸ iÐÏ
Ñ S « D�� EHBSA
S NHW/g�O,÷ ¸ ¯ È É u�Ò ! EHMu î�\ 


sampling � D��
3.4 EHBSAWO

EHM
u´� } Ä EKâtWwÂ�h uwÒ ! sampling

u F ¯ \ {fm�n�O]^�_ u C Å+D]� EHB-

SAWO(EHBSA without template)
S N WÐ{�O�÷ ¸ ¯
' ù/(Kú�* û#! Ò @�\ 
 sam-

pling
u F ¯ ¸r� sampling � D ^�_�O]�%� u c i+� D (c N 0

¸ â N−1 ¶ S O]Y k )
�

1. position counter: p
u

0 !RÓÁ�vÔ
2. c[0]

u
0
¸ â N-1 ¶ S ¸ â ¼�­ |Bû�!�~?Õ

3. roulette wheel vector: rw[]
u´� }�� E�¢ Ä W rw[j] = et

c[p],j(j = 0, 1, . . . , N−

1)

4. � S ! sampling ��h 
 \�D�Ö-×µØ u 0 !�� D � (rw[c[i]] = 0 for i = 0, . . . , p)

5. sampling
u F ¯ ¸t� C/¶VU rw[x]

∑N−1

j=0
rw[j]

OjÕ�Ö S c[p + 1] = x(x ∈ (y|rw[y] 6=

0)) i´� D��
6. p← p + 1

7. p < N − 1 ¯ â ò W�J
�V�-�pÙ¹��WAÂ ¸ S ¯ \ ¯ âB�/�

6



3.5 EHBSAWT

EHBSAWT N Ò <)Ú !�N EHBSAWO i�Û)Ü-¢���W Ú�Ý b ¢�· u sampling !÷�o 
 Ø
Þ � D i�g�Î-��ß ¸�� C`¶VUàW cut
G ! template

u b�á Ä W?Â
O�� ¸ ââ C�O Ý b ¢#·H~Aã-WAÂfh u sampling
Ä W�Ì?O Ý b N#Â
OT¶�¶Tä�å × � D��

3.6 sampling æ ç è é ê ë
let get_sampling_gene rw =

let sum_of_rw = ref 0.0 in

for i=1 to Array.length rw do

sum_of_rw := !sum_of_rw +. rw.(i-1);

done;

let a = Random.float !sum_of_rw in

let sum1 = ref 0.0 and sum2 = ref rw.(0) in

let i = ref 1 and b = ref 0.0 in

while( not (!sum1 <= a && a < !sum2) ) do

sum1 := !sum2;

if !i = pred (Array.length rw) then sum2 := !sum_of_rw

else sum2 := !sum2 +. rw.(!i);

i := !i + 1;

done;

!i

let sampling newgene ehm =

let len = Array.length newgene in

let rw = Array.make len 0.0 in

newgene.(0) <- (Random.int len) + 1;

for i=1 to pred len do

for j=0 to pred len do

rw.(j) <- ehm.(newgene.(i-1)-1).(j);

done;

for j=0 to pred i do

rw.(newgene.(j) - 1) <- 0.0;

done;

newgene.(i) <- get_sampling_gene rw;

done

7



4 ì í

4.1 7 8:9 ;î�ï�ð E�W EHBSA O�ñ#ò?O z h�N�óAO`ô`õ�ö%¯ D�÷
EHBSA OTø�ù)úpû+ü�û� �

1. t=0

2. ý�þ
^/_ P (t) O�Æ#ÿ
3. ý�þ
^/_#O�~#�pö�ôAUXW P (t)→ S(t)

u Æ#ÿ
4. (a) EHBSAWO ¯���ó������

(a) EHBSAWT ¯�� template
u ~?Õ

(b) cut 	AO%Õ�
�¢�· b
á�ð WpÂ
O
� ¸ � sampling node
u ~?Õ ÷

5. EHM
u � ÿ

6.
� ­ �Vû ­ ��ö�ôAUlW S(t)→ P (t + 1)

u Æ�ÿ
7. 2opt ¯v² O���� Ú���� Í u�� ¯�õ
8. � k������
���� "!
� � ¸ �$#�¤ ��á%�'&)(�*
9. t← t + 1

10. t ≤ max generation ¯'��+�,�-�.�/)Ù0� ÷ Âvõ21T¯�3�¯'�54"6
� �

7�8 � �:9 ,�-�.�/
öR³;3�< � 3>=@? ¸���A�B�&]î#ï�ð:C-÷ED�F ö�G 8"H ÷IKJ;L � ,�-M.�/ON � ý#þ  "!
��P%Q ö�R%3E<�S � I
T C = P%Qµð�U 3
no population select

�;V 8 C L�W%X%Y &�Z õ ( ? I�[2\']�^�_ �a`K�cb>d ? J ?=�� 8OH ) population select half
��egf;h'�ji�� ö f ] <�k�l &�� 7�m popula-

tion select roulette
�
n�ojp û�ö d ? P"q��%r�� õ�s ��V 8 C�t
b�u�vxw�b 8 ��r8 &y "!
� 	{z v = [}| m population select tournament

�"~����a�:A"B�&]î�ïð�C�÷
8



~��
a
� ,c-�.2/�1%S ��n;oKp û#ö template

&�Pg�
choose template randomly

�e�f%h ö f ] < P
Q m"H choose template roulette
����`�� 3 `��g& template �ð < P%Q m�H choose template elite

� N ����&]î
ïµð:C�÷~��
b
� ,�-�.�/�1�S �On�o�p û�ö sampling node

&)P"�
choose node randomly

�Ee�f%h ö f ] < P%Q m�H choose node roulette
��d����& î�ï�ð:C-÷� � ,�-�.�/�1�S EHBSA

���E�
([4]) ö:���
3 C�� ù'���x	 &�Z õ

make ehm delta � �����y����� � v%& � U õ EHM
&y� ÿ mgH make ehm weight�Md�����&Zî�ïµð:C�÷� � ,E-�.�/j1;S � 2opt ���)3Áõ��E� � GA ö Z;� 8 <
3 H��c �¡ û$,�-�¢$.£ , &�Z õ use twoopt � Z;�gU 3 non use twoopt
��d����'&]î�ï�ð�C�÷¤ � ,�-�.�/:1%S�¥�¦�§ ��A�B:�0u ¦E§ ��A;B���r 8;¨:8 öy© ð < n;oKp�ª ö)¥u ¦ m�H send randomly

�
receive randomly

�ye�fEh ö f ] <K¥ u ¦ m�H `��%&�P�
send roulette

�
receive roulette

� L�W ��«�¬
­�& ¥ H send elite
�'� Y � �K1 �`@e�fEh��x® 3 `:� � u ¦ ð�Cg`:�
&�¯ [ *�° H receive elite

��n�o�p:ª ö d ? Pq�r�� õ�s e%f�h"�x± 3 `:�
& ¥E¦ m�H send tournament
��n;ojp:ª ö�²³? P�q��r 8 � u ¦ ð:C�`K��&x´�µ�ð2��V 8 <
3 H ��¶ �E�K(�* m�H receive tournament��· ¤ ���'&]î#ï�ð:C�÷U R � 7y8 � ��¸�¹ S�º%» � GA öjR v H A�B�&)¼�½ ö ð <%3 H ([1][2])

÷�¾E¿
1gS � 7�8 � ��A�B;��î�ï öj?
3E< OCaml

��À ¡ ,M�5Ápö:Â"Ã m�H ÷
4.2

Ä Å Æ Ç È
7y8 ­ � ¬ÊÉ0��A"B öj?%3E<�Â�Ã m"H:Ë ö � 7y8 � &"Ì�� ô�õ U:Í 1%Î�
E1%3H �c­"&�Ï m ÷MÀ ¡ ,�S mpiehbsawt

�:�
� z b��EÐ ó � 1�S � 7�8 öEÑ;Ò �K·Ó;bKÔ;� [ �
exchange population

�xÕ Y bKÖav H ÷ I z�×`ö `$Ø;­ 3:Ù"SxÚ�Û mH b���¼�½;Ü S U H �@ÝßÞáà
mpiehbsawt âEã
ä%å execute æ"çKè�é
let execute par ex_par population1 population2

max_generation cut_num distance dis_total ehm city_pos =

let population1_new = ref false in

let pop_num = Array.length population1 in

let min_distance_array = Array.make max_generation 0.0 in

let copy_population genes1 genes2 index1 index2 =

for i=index1 to index2 do

genes2.(i) <- genes1.(i);

done

in

for i=1 to max_generation do

if par.a = Population_select_half then (

let new_population = if !population1_new

then population1 else population2 in
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let old_population = if !population1_new

then population2 else population1 in

select_population1 old_population

new_population distance;

population1_new := not (!population1_new);

) else if par.a = Population_select_roulette then (

let new_population = if !population1_new

then population1 else population2 in

let old_population = if !population1_new

then population2 else population1 in

select_population2 old_population

new_population distance;

population1_new := not (!population1_new);

) else if par.a = Population_select_tournament then (

let new_population = if !population1_new

then population1 else population2 in

let old_population = if !population1_new

then population2 else population1 in

select_population3 old_population

new_population distance;

population1_new := not (!population1_new);

) else if par.a = No_population_select then (

);

let a = ref 0 in

let new_population = if !population1_new

then population1 else population2 in

let old_population = if !population1_new

then population2 else population1 in

(match par.b with

Make_EHM_delta (b_ratio) -> (

make_EHM1 old_population b_ratio ehm;

)

| Make_EHM_weight(b_ratio) -> (

make_EHM2 old_population distance dis_total b_ratio ehm;

));

if par.d = Choose_template_randomly then (

a := choose_template1 old_population;

) else if par.d = Choose_template_roulette then (

a := choose_template2 old_population distance;

) else raise ParameterError;

for j=1 to pop_num do

let b,c =

if par.e = Choose_node_randomly then (

10



choose_sampling_node1 old_population.(!a) cut_num;

) else if par.e = Choose_node_roulette then (

choose_sampling_node2 old_population.(!a)

distance cut_num;

) else raise ParameterError in

copy_population old_population.(!a)

new_population.(j-1) b c;

(* check_ehm ehm distance; *)

sampling new_population.(j-1) ehm b c;

if par.c = Use_twoopt

then twoopt new_population.(j-1) distance;

done;

if !population1_new then (

exchange_population population1 distance ex_par;

) else (

exchange_population population2 distance ex_par;

);

if !population1_new then (

let min_dist = reduce_float (min_distance population1 distance)

Float_min 0 comm_world in

if myrank=0 then (

min_distance_array.(i-1) <- min_dist;

printf "generation:%d ,

min_distance:%f\n" i min_dist;flush stdout;

);

) else (

let min_dist = reduce_float (min_distance population2 distance)

Float_min 0 comm_world in

if myrank=0 then (

min_distance_array.(i-1) <- min_dist;

printf "generation:%d ,

min_distance:%f\n" i min_dist;flush stdout;

);

);

population1_new := not (!population1_new);

done;
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if myrank=0 then

(printf "\n************** execute end **************\n\n");

match par.f with

Record(filename) ->

(

if myrank=0 then (

write_state filename

(if !population1_new then population2 else population1)

city_pos distance min_distance_array par ex_par;

);

)

| Non_record -> ()

4.3 ê ë ì í Æ î ï
4.3.1 ð ñ�ò ó2ôöõ÷"ø
ù%ú�ûa!;üKP
Q � ü�ý �)?�à�þ
ÿ t

üKù
ú�ûa!
P (t)

­��5P
Q�� 8 CKû�!
S(t)&y� H ��¶ Ü���û�!%ü��	��ü LKWEX%Y�
 �"r 8�¨�8 d�¬ J ?�?�= H à
���"S����ü�����Ü�� T <�� U T <;3 H à ·��	�Oü�� ¡ p S û�� � L

�"!	#	�
N � m{H �

L×N
ÜK´�$ m"H à

ç�è�é
let select_population1 population1 population2 distance =

let copy_population genes1 genes2 =

for i=1 to Array.length genes1 do

genes2.(i-1) <- genes1.(i-1);

done in

let fitness = Array.make (Array.length population1) (0.0,0) in

let pop_num = Array.length population1 and

city_num = Array.length population1.(0) in

for i=0 to pred pop_num do

fitness.(i) <-

(1.0 /. (get_distance population1.(i) distance),i);

done;

Array.sort (fun a b-> let a1,a2 = a and

b1,b2 = b in if a1>=b1 then ~-1 else 1) fitness;

for i=0 to (pred pop_num) / 2 do

let a,b = fitness.(i) in
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copy_population population1.(b) population2.(2*i);

copy_population population1.(b) population2.(2*i+1);

done

4.3.2 %öò &(' ó2ôöõ÷"ø
ù�ú�û���ü�P�Q � ü�ý �2?�à�þ�ÿ t

ü�ùEúEû)�
P (t)

­(� P�Q*� 8 Cxû��
S(t)


� H �j¶ Ü���e%f�haÜ:f ] C:i	+ 1 P
Q m"H à;? I�[ ��û,�
ü i -/. ü����"üxef%h 

fi � m�H � � fi

∑N

k=1
fk

ü10�2 1 P%Q3� 8"H à
ç�è�é
let select_population2 population1 population2 distance =

let copy_population genes1 genes2 =

for i=1 to Array.length genes1 do

genes2.(i-1) <- genes1.(i-1);

done in

let pop_num = Array.length population1 in

let city_num = Array.length population1.(0) in

let sum_fitness = ref 0.0 in

let fitness = Array.make pop_num 0.0 in

for i=0 to pred pop_num do

fitness.(i) <-

1.0 /. (get_distance population1.(i) distance);

sum_fitness := !sum_fitness +. fitness.(i);

done;

for j=0 to pred pop_num do

let a = (Random.float 1.0) *. !sum_fitness in

let sum = ref 0.0 and i = ref 0 in

while( !sum < a && !i < pop_num ) do

sum := !sum +. fitness.(!i);

i := !i + 1;

done;

copy_population population1.(!i-1) population2.(j);

done

4.3.3 ó:ò547678 ó2ôöõ÷"ø
ù%ú�û��;üKP
Q � ü�ý �)?�à�þ
ÿ t

üKù
ú�û��
P (t)

­��5P
Q�� 8 CKû9�
S(t)
 � H ��¶ Ü:�angocp�ª�Ü'd ? P{q���r�ü 2 ? ü Þxs e%f%h"ü:±�;a`�ü 
 P�Q m
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H à=< 8 
 û��%ü:� L
ü Y z v = [ | m à?>"@"A n�ª
üCB1D S ·���� 
 e%f�h 
E h < ü � � ^ D�·��GF�C�`Kü S�H�I�J   Ü:K�LMFN�E·��MFPO	;�U�;�`�ü�üE� 
·�� m"H � Þ Ü�FPO�; H àQ �gÑ
Ò ü�R"S�­3�T;�°	U�� × ü�V)W;Ü R ;�O�e%f�h 
 r�ü:!�h�·��GFXO	; HÕ Y S�Y1Z ü:["\gbC] H � Þ U1^�b m�H b � � ��ü�_ Úa�a` 
Pb U�c FN��d	e�f
 ±9g H R"Sg­��ih�j{Ü�·���� 
lk �xr ÞE��S FPO�;
U�; à

ç�è�é
let select_population3 population1 population2 distance =

let copy_population genes1 genes2 =

for i=1 to Array.length genes1 do

genes2.(i-1) <- genes1.(i-1);

done in

let pop_num = Array.length population1 in

let city_num = Array.length population1.(0) in

let dist_hash = Hashtbl.create pop_num in

for i=0 to pred pop_num do

let select_population_index1 = Random.int pop_num in

let select_population_index2 = Random.int pop_num in

let distance1 =

(try

Hashtbl.find dist_hash select_population_index1

with

Not_found -> (

let tmp_dist =

(get_distance

population1.(select_population_index1) distance) in

Hashtbl.add dist_hash select_population_index1 tmp_dist;

tmp_dist )) in

let distance2 =

(try

Hashtbl.find dist_hash select_population_index2

with

Not_found -> (

let tmp_dist =

(get_distance

population1.(select_population_index2) distance) in

Hashtbl.add dist_hash select_population_index2 tmp_dist;

tmp_dist)) in

if distance1 >= distance2

then

copy_population

population1.(select_population_index2) population2.(i)

else
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copy_population

population1.(select_population_index1) population2.(i);

done

4.4 template
Æ î ï

4.4.1 mn83o�p�ôöõ÷"ø
EHBSAWT

ü�q�r�s�tvu�ª�Ü R ;�O template

 û,�
üwB�­���P�� ��¶ Ü � mH V,Wgü�ý �PxEà�y�z � EHBSAWO

D SKÚ�{ F:U	; à û��;ü?Bj­��Kn�oEpKªgÜý �Tx Paq��ar�| 
 template � FPO � sampling

 � U Þ}à

ç�è�é
let choose_template1 population =

Random.int (Array.length population)

4.4.2 %öò &(' ó2ôöõ÷"ø
EHBSAWT

ü�q�r�s�tvu�ª�Ü R ;�O template

 û,�
üwB�­���P�� ��¶ Ü � mH V)W%üEý �}x�à�ylz � EHBSAWO

D S:Ú�{ FxU�; à e%f�h"Ü�f ] O~��û���ü�B­3�
template


 P�� àx� ¾���Ü S ùEúEû)�%ü�P�Q"Ü R v H r ¡(� I�� V?W � \��D?] H à
ç�è�é
let choose_template2 population distance =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let sum_fitness = ref 0.0 in

let fitness = Array.make pop_num 0.0 in

for i=0 to pred pop_num do

fitness.(i) <-

1.0 /. (get_distance population.(i) distance);

sum_fitness := !sum_fitness +. fitness.(i);

done;

let a = (Random.float 1.0) *. !sum_fitness in

let sum = ref 0.0 and i = ref 0 in

while ( !sum < a && !i < pop_num ) do

15



sum := !sum +. fitness.(!i);

i := !i + 1;

done;

!i-1

4.4.3 ð ñ�ò ó2ôöõ÷"ø
EHBSAWT

ü�q�r�s�tvu�ª�Ü R ;�O template

 û,�
üwB�­���P�� ��¶ Ü � mH V)W%üEý �}x�à�ylz � EHBSAWO

D S:Ú�{ FxU�; à ��`���e%fEh"ü�±);�`�ü 

template � FlO�P%Q m"H à
ç�è�é
let choose_template3 population distance =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let min_distance = ref (get_distance population.(0) distance) in

let min_index = ref 0 in

for i=1 to pred pop_num do

let a = get_distance population.(i) distance in

if !min_distance > a then (

min_distance := a;

min_index := i;

);

done;

!min_index

4.5 sampling node
Æ î ï

4.5.1 mn83o�p�ôöõ÷"ø
EHBSAWT

üwq�r*s*t�u�ª	D S � template



cut
�{ü�� z v Y i/Fv�{r�üwB­3�)ý �}x P�q��
r~| z v 
 sampling

m�H à�< ü ��¶ Ü sampling
m�H

node

 no�pKª�ÜxP"�1V,W à>�@�A nKª%ü Â�Ã 
X� F�Ü m�H àT��� index


 ���3F�� <�< Ül� cut
ü������
�
P��� F�O";C� à:xw��� �P��ù�ü cut � genes.(index.(0)) � � genes.(index.(1)) �D��a� � ���{ü cut � genes.(index.(2)(=index.(1)+1)) � � genes.(index.(3))

���� à)< ü=�1� cut
ü:�)� �:��� FXO � ;	�
��;�ü~D � cut

ü:�)���
FXO��� 9��¡ü 
 x �	¢�£¤tv¥ � 
l¦ ��FN��§EüCB � �:¨)©�ª�«;Ü:�	� 
X¬9­ ��§~|"® ¬"¯ �|)£*�a§�ü:��� 
 tv¥ �°� �}±	²�³,�9�l; Þ q�r�s=t�u"«�D~´"V�W 
 Q"µGF:£~¶
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ç�è�é
let choose_sampling_node1 genes cut_num =

let delete_list element list_ref =

let rec sub_fun1 element list =

if list = [] then []

else if (List.hd list) = element then

sub_fun1 element (List.tl list)

else

(List.hd list) :: (sub_fun1 element (List.tl list)) in

list_ref := (sub_fun1 element !list_ref)

in

let len = Array.length genes in

let index = Array.make (cut_num*2) ~-1 in

let remain = ref [] in

if cut_num * 2 > len then raise Cut_Num_Error;

index.(0) <- 0;

index.(pred (Array.length index))

<- pred (Array.length genes);

for i=1 to (Array.length genes)-3 do

remain := i :: !remain;

done;

for i=0 to pred (cut_num-1) do

let a = List.nth !remain

(Random.int (List.length !remain)) in

delete_list a remain;

delete_list (a+1) remain;

if (a-1) > 0 then delete_list (a-1) remain;

index.(2 * i + 1) <- a;

index.(2 * i + 2) <- a+1;

done;

Array.sort (fun x y-> if x>=y then 1 else ~-1) index;

let a = Random.int cut_num in

(index.(2 * a),index.(2 * a + 1))

4.5.2 %öò &(' ó2ôöõ÷"ø
EHBSAWT

üwq�r*s*t�u"«	D � � template



cut
�{ü���·	��¸	¹/Fv�=§�üwB

� �yý(� x ¬�­ �9§�|?·C� 
 sampling
³���¶

sampling
��|?��;~º�¸ � �aü þ%ÿD=¡v»�¼��v½?¾a¿ { ³���£�g�� sampling

³��PÀ�Á � D9���
·"� Y1Z ü:[�\�ü�]��º�¸�ü�Â?®�Ã);
ü�D � ��; � �X;3Ä�Å�Æ 
XÇ ¾:Q�µGF:£ ¶�� cut
¾�È	;�O�É
Ê?³�

2 x ü:���"ü ��� ü1Ë�Ì 
lÍ ; ��r�Î � I¤� V�W 
 � �(ÄÏV�W
¶
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Ð~Ñ�Ò
let choose_sampling_node2 genes distance cut_num =

let delete_list element list_ref =

let rec sub_fun1 element list =

if list = [] then []

else if (List.hd list) = element then

sub_fun1 element (List.tl list)

else

(List.hd list) :: (sub_fun1 element (List.tl list)) in

list_ref := (sub_fun1 element !list_ref)

in

let len = Array.length genes in

let index = Array.make (cut_num*2) ~-1 in

let remain = ref [] in

if cut_num * 2 > len then raise Cut_Num_Error;

index.(0) <- 0;

index.(pred (Array.length index))

<- pred (Array.length genes);

for i=1 to (Array.length genes)-3 do

remain := i :: !remain;

done;

for i=0 to pred (cut_num-1) do

let a = List.nth !remain

(Random.int (List.length !remain)) in

delete_list a remain;

delete_list (a+1) remain;

if (a-1) > 0 then delete_list (a-1) remain;

index.(2 * i + 1) <- a;

index.(2 * i + 2) <- a+1;

done;

Array.sort (fun x y-> if x>=y then 1 else ~-1) index;

let sum_dist = ref 0.0 and

dist_array = Array.make cut_num 0.0 in

let cut_index = ref 0 in

for i=0 to pred cut_num do

for j= index.(2*i) to pred index.(2*i+1) do

let dis = distance.(genes.(j)-1).(genes.(j+1)-1) in

dist_array.(i) <- dist_array.(i) +. dis;

done;

done;

for i=0 to pred (Array.length dist_array) do

(* normalization *)

dist_array.(i) <- dist_array.(i) /.
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(float_of_int (index.(2*i+1) - index.(2*i) + 1));

sum_dist := !sum_dist +. dist_array.(i);

done;

(* neglect distance between cuts *)

(* select roulette *)

let a = Random.float !sum_dist in

let sum1 = ref 0.0 and sum2 = ref dist_array.(0) in

let i = ref 1 in

while ( not ( !sum1 <= a && a < !sum2) ) do

sum1 := !sum2;

sum2 := !sum2 +. dist_array.(!i);

i := !i + 1;

done;

( index.((!i-1)*2),index.((!i-1)*2 + 1) )

4.6 EHM Ó Ô Õ
4.6.1 ÖØ×(Ù ÚÛ,Ü

delta ÝlÞ*ß Í=à O á�â�ã �3ä EHM(edge histogram matrix) ß ¦�å ³��:¶�æ�çè
b ratio

�Pé3ÄÏê=¨"ë�Î?ì�®�¿�íw³9�~®�á�´	î�ï)ð �"ñ �Xò3óiôCõ�ö�é	�"é�¶
Ð~Ñ�Ò
let make_EHM1 population b_ratio ehm =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let floatN = float_of_int pop_num and

floatL = float_of_int city_num in

let ehm_parameter = 2.0 *. floatN /.

(floatL -. 1.0) *. b_ratio in

for i=0 to pred city_num do

for j=0 to pred city_num do

if i <> j then ehm.(i).(j) <- ehm_parameter;

done;

done;

for i=0 to pred pop_num do

for j=0 to pred city_num do

if i = j then ()

else if j = (pred city_num) then (
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let a = population.(i).(j) and

b = population.(i).(0) in

ehm.(a-1).(b-1) <- ehm.(a-1).(b-1) +. 1.0;

ehm.(b-1).(a-1) <- ehm.(b-1).(a-1) +. 1.0;

) else (

let a = population.(i).(j) and

b = population.(i).(j+1) in

ehm.(a-1).(b-1) <- ehm.(a-1).(b-1) +. 1.0;

ehm.(b-1).(a-1) <- ehm.(b-1).(a-1) +. 1.0;

);

done;

done

4.6.2 ÖØ×n÷ øÛ,Ü
â9ã�ç?ù�¾ É
Ê/úlö�é��

2 û ç�ü�ý?®�¿�íMú�£*� �Pá9§	ç1þ�ÿ�ç�� Þ¤ß EHM¾��w³1¶¤æ1ç è á��)öwç����
	�ç�þ�ÿ�ç���
 ß���Þ�� ��úPö��=� öCé?��¶
Ð~Ñ�Ò
let make_EHM2 population distance dis_total b_ratio ehm =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let floatN = float_of_int pop_num

and floatL = float_of_int city_num in

let ehm_parameter = 2.0 *. floatN /.

(floatL -. 1.0) *. b_ratio in

for i=0 to pred city_num do

for j=0 to pred city_num do

if i <> j then ehm.(i).(j) <- ehm_parameter

else ehm.(i).(i) <- 0.0;

done;

done;

for i=0 to pred pop_num do

for j=0 to pred city_num do

if j=(pred city_num) then (

let a = population.(i).(j) and

b = population.(i).(0) in

let c = dis_total /. distance.(a-1).(b-1) in

ehm.(a-1).(b-1) <- c;

ehm.(b-1).(a-1) <- c;

) else (

let a = population.(i).(j) and
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b = population.(i).(j+1) in

let c = dis_total /. distance.(a-1).(b-1) in

ehm.(a-1).(b-1) <- c;

ehm.(b-1).(a-1) <- c;

)

done;

done

4.7
� � � � � � �

Û,Ü����ç
GA

¾��
�
TSP �� ç*� ��¾"!)é ä$# �:á 2opt  ��%'& # �)(�Á+*-,.�/  (ß Í Ä10�2�¶3, . ð9���,�~� � á', . úvá*¡	ú�¡�, . ð��1��é(�~� ��4 ¡ú���é�¶

Ð~Ñ�Ò
let reverse genes i1 i2 =

let a = ref 0 and j1 = ref i1 and j2 = ref i2 in

while !j1 < !j2 do

a := genes.(!j1);

genes.(!j1) <- genes.(!j2);

genes.(!j2) <- !a;

j1 := !j1 + 1;

j2 := !j2 - 1;

done

let twoopt newgenes distance =

let i1 = ref 0 and i2 = ref 0 and

j1 = ref 0 and j2 = ref 0 in

let len = Array.length newgenes in

i1 := (Random.int len);

j2 := if (!i1 + 1) >= len then 0 else (!i1 + 1);

j1 := (Random.int len);

while (!j1 = !i1 || !j1 = !j2) do

j1 := (Random.int len)

done;

if (!j1 > !j2) then (

i2 := !j1 + 1;

if (!i2 >= len) then i2 := 0;

)else(

i2 := !j1;

j1 := !j1 - 1;
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if (!j1 < 0) then j1 := len - 1;

);

if (distance.(newgenes.(!i1) - 1).(newgenes.(!j2) - 1) +.

distance.(newgenes.(!j1) - 1).(newgenes.(!i2) - 1)

> distance.(newgenes.(!i1) - 1).(newgenes.(!j1) - 1) +.

distance.(newgenes.(!i2) - 1).(newgenes.(!j2) - 1) )

then (

if ( !i1 < !j2 && !j1 < !i2) then (

if (!j2 < !j1)

then reverse newgenes !j2 !j1

else reverse newgenes !i2 !i1

) else (

if ( not (!i1 < !j2) )

then reverse newgenes !j1 !i2

else reverse newgenes !i1 !j2

)

)

4.8 5 6 7 8 9 : Ô Õ
4.8.1 ;=<?>A@ABDCÛ,ÜEGF�H çJI"µ�¾ È	é�ö�áLK,ç�M�N�O"¥C¾aâ�ã	çCù�P äRQ ¾ ßRSUT P ß ¨?©�ª�«¬
V 0W2
¶�ê�¨	ë�Î?ìWX�úlö�éZY û ç�üCý ß�S[T P ß�\ ³ send num ß X T ¶�üý Þ send num

ç�] F ßR^ ³1¶
Ð~Ñ�Ò
let get_send_population_index1 population send_num =

let sub_func1 population =

Random.int (Array.length population) in

let send_index = Array.make send_num 0 in

for i=0 to pred send_num do

send_index.(i) <- (sub_func1 population);

done;

send_index
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4.8.2 _D` acb deBDCÛ,ÜE�F'H ç"ICµ*¾�Èwé	ö�á�K=çfMgNLOgh,¾�â=ãwç)ùiP äJQ ¾ ßJSjT P ß�k ÎAlmjn 0o2�¾ Ç
p é"ö-q V 0
2�¶�êjr�ë"Î9ì+X�ú:öwésY û ç~ü?ý ßJS?T P ß�\Wt
send num ß X T ¶�ü�ý Þ send num

ç�] F ßR^�t ¶
Ð~Ñ�Ò
let get_send_population_index2 population distance send_num =

let sub_func1 population distance =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let fitness = Array.make pop_num 0.0 in

let sum_fitness = ref 0.0 in

for i=0 to pred pop_num do

fitness.(i) <-

1.0 /. (get_distance population.(i) distance);

sum_fitness := !sum_fitness +. fitness.(i);

done;

let a = Random.float !sum_fitness in

let sum1 = ref 0.0 and sum2 = ref fitness.(0) in

let i = ref 1 in

while ( not ( !sum1 <= a && a < !sum2) ) do

sum1 := !sum2;

sum2 := !sum2 +. fitness.(!i);

i := !i + 1;

done;

!i - 1 in

let send_index = Array.make send_num 0 in

for i=0 to pred send_num do

send_index.(i) <- (sub_func1 population distance);

done;

send_index

4.8.3 u v�` deBDCÛ,ÜELF-H ç�I�µ9¾�È�é
ö�áfw ¸�çlâwã"ç"ù~çix�y
send num z çaü�ý ß K?ç�M�NJOh�¾ S
T 0g2 ¶"MGN�{Lr�|[X�ú}ö�}aâwã"ç)~�ü�ý)ç��G�G� ß��f� á�æ #�ß index

X�
���-� t�TJ� æ�çJ] F ß ���G�+�)���}öU�:Î n úNáGx�y send num
ç���ç

indexß�^=��� �J��� t úvá�æ #�ß�^�t��
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�"�-�
let get_send_population_index3 population distance send_num =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let fitness = Array.make pop_num (0.0,0) in

let return_index_array = Array.make send_num 0 in

if pop_num < send_num then raise Send_Num_Error;

for i=0 to pred pop_num do

fitness.(i) <-

(1.0 /. (get_distance population.(i) distance),i);

done;

Array.sort (fun a b -> let a1,a2 = a and

b1,b2 = b in if a1>=b1 then ~-1 else 1) fitness;

for i=0 to pred send_num do

let a,b = fitness.(i) in

return_index_array.(i) <- b;

done;

return_index_array

4.8.4 d�`��D�D< deBDCÛ,ÜEGF�H çJI��
���	é�ö�áLK,ç�M�N�O�h'�aâ�ã	çCù�P äRQ � ßRSUT P ß n���� ë� n 0+2W��  p é"öiq V 0
2 �Cû
¡A� we�=ç~â=ãwç~üwý ß r ��¢ |W��£f¤ û q¥ á�æ #�ä ç�� � �3���9ç�¦,é
§1ç ß ] F ����� � æ #9ß send num
ç Þ
¨�© Y�ª^�t��

�"�-�
let get_send_population_index4 population distance send_num =

let return_index_array = Array.make send_num 0 in

let pop_num = Array.length population in

for i=0 to pred send_num do

let a = Random.int pop_num and b = Random.int pop_num in

let dis1 = get_distance population.(a) distance in

let dis2 = get_distance population.(b) distance in

if dis1 >= dis2 then return_index_array.(i) <- b

else return_index_array.(i) <- a;

done;

return_index_array
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4.9 « 6 7 8 9 : Ô Õ
4.9.1 ;=<?>A@ABDCÛ,ÜEGF�H çJI��
���	é�ö�áLK,ç�M�N�O�hGP ä1S5äe# ö+¬"¤W§1ç ß w­�,ç�â�ã	ç�ùçgr �i¢ |�ç�üCý®X­¯�° t+T 0W2 �
�"�-�
let receive_population1 population genes =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let a = Random.int pop_num in

for i=0 to pred city_num do

population.(a).(i) <- genes.(i);

done

4.9.2 _D` acb deBDCÛ,ÜEGF�H ç�I��
����é�ö á-K,ç�M�N�O�hGP ä1S ä±# ö+¬�¤W§�ç ßJk � l mUn 0�2��  p é�ö"¯�° t²T 0W2 �
�"�-�
let receive_population2 population genes distance =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let dist_array = Array.make pop_num 0.0 in

let dis_total = ref 0.0 in

for i=0 to pred pop_num do

dist_array.(i) <- (get_distance population.(i) distance);

dis_total := !dis_total +. dist_array.(i);

done;

let a = Random.float !dis_total in

let sum1 = ref 0.0 and sum2 = ref dist_array.(0) in

let i = ref 1 in

while ( not ( !sum1 <= a && a < !sum2 ) ) do

sum1 := !sum2;

sum2 := !sum2 +. dist_array.(!i);

i := !i + 1;
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done;

(* population.(!i-1) is selected *)

for j=0 to pred city_num do

population.(!i-1).(j) <- genes.(j);

done

4.9.3 u v�` deBDCÛ,ÜEGF�H çJI��
���	é�ö�áLK,ç�M�N�O�hGP ä1S5äe# ö+¬"¤W§1ç ß w­�,ç�â�ã	ç�ùðL³�§±�3���9ç�´�é
§1çUXµ¯�° t²T 0W2 �
�"�-�
let receive_population3 population genes distance =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let dis_max_index = ref 0 in

let dis_max = ref (get_distance population.(0) distance) in

for i=1 to pred pop_num do

let dis = get_distance population.(i) distance in

if dis > !dis_max then (

dis_max := dis;

dis_max_index := i;

);

done;

for i=0 to pred city_num do

population.(!dis_max_index).(i) <- genes.(i);

done

4.9.4 d�`��D�D< deBDCÛ,ÜEGF�H çJI��
���	é�ö�áLK,ç�M�N�O�hGP ä1S5äe# ö+¬"¤W§1ç ß n���� ë � n 02f�)  p é�ö"¯�° tWT 0W2 �"ûW¡[� á
r �L¢ |g�
w¶�,ç:â,ã	ç�ù"P äU· û ç�ü	ýß q ¥ á�¸ # Xº¹ ©)» à ¤1ü	ý ßJ¼i½'� §�úvái¹ ©J» à ¤�ü�ý�çJ�����9ç�¾f¿"¦©L# &�á�ü	ý ß ¯�°	á
¸[À}ð Q3©�# & 4 §�ú Q é �
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�"�-�
let receive_population4 population genes distance =

let pop_num = Array.length population in

let city_num = Array.length population.(0) in

let a = Random.int pop_num in

let dis1 = get_distance population.(a) distance in

let dis2 = get_distance genes distance in

if dis1 > dis2 then

for i=0 to pred city_num do

population.(a).(i) <- genes.(i);

done
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5 Á Â Ã Ä

5.1 Å ÆÈÇ 7
4 É ç�Ê²Ë
ðL��P T �WÀ�� GA

�G}�Ì�Í�ç�0²2�Î	êor"ë � ì�¿LÏ"í t²T�� æ #ä �9ö
Ð�é+Ñ�é²ÑgÒLÓ �AÔ rGÕ �JÖ M'×cØ � Q óPð-Ù � ú�ö-Îo¸	ç�Ú�ÛAÐ�¸	çû óL{�rgÜ��=ú:ö-ÎU¸ # ÐW§�X�� ¡ ¤²Ò�Ó ��Ô r�Õ �)Ö Mg×cØ � ði0
2iÎ�ê[rë � ì�ÐJÙ � ú:öiIgÝ3ÎsXléZÀL�oÀ Q æWXLÐ,ú:öwé	öW}"Î�ÞwîCï=çcß�*�ðWà T�'á Q 0
2GÎ	êUrwë � ì�ç~ô3âãXaé®À�ß�*'}cXlöj§$ä å ðU¬ Q é � ¸�æ�ðGÎ�Þî�ïCð'}
EHBSAWO

Î
EHBSAWT

Î
MPIEHBSAWO

Î
MPIEHBSAWT

ç�~
å kæcç�è |W��é5ú:öW¸ #²êG#�ëµì3í çgMgN'{3r-|+Ð�î å ú�Î�ï�ð'Î��'ñ=ç"ò'ó?Ð¦ � ¤ � Þ É ðg}�æ�ç�ô�õ²� û é�öiÊWË t²TJ�'Q ��Î3ö3÷	ç�Ê²Ë�ð'}�ø'ùgú�¤ �
EHBSAWO

Ð�ûW�fü�ý"ÊgË tfT ¿�Îe GÞW*���K�ú EHBSAWT
Î

MPIEHBSAWO
Î

MPIEHBSAWT
§�þ�ÿ��gà T��

5.2 ehbsawo.ml

ehbsawo.ml
X��jÀ��GN�{-r�|3}��+r	� ��
 Ü
�eÕ k P���0f2��������	� Q�� ú�Ur�� �

 Ð����"Î�I�Ý t+TJ�û��! �"+ú�#²À Q �or�� ��
 Ü$��Õ k ehbsawo parameter1

¿gà
%i¤UX t²T��
ehbsawo parameter1

úfô�õ� �
population_select:no_population_select

make_ehm_strategy:make_ehm_delta:0.04

use_twoopt:non_use_twoopt

record_final_state:non_record
� �Ò�Ó �cÔ rLÕ � P&�'"+ú�#�À���([Ñ*)�+-,fX���Î�¸Gú/.10�Î��
r	� ��
 �)  p�'¤

GA
¿"I3Ý32/4 T��'Q �LÎ6587�Î�5 ë Î�5:9<;)Í
}�¸<4 ê 4LÎ6=?>�Í3Î�@�AÍ3Î�³�B
ú/C���ÍcÐ�D®ü�ý���E �

� �
ocamlopt str.cmxa ehbsawo.ml

./a.out get_parameter_from_file 30 30 30 ehbsawo_parameter1
� �
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,�ú�F�Ý�Ú�Ûo}�"
ú�#WÀ)�6G�E �
city number : 30

population number : 30

max generation : 30

population selecct strategy : no population select

make EHM strategy : make EHM delta

use twoopt strategy : non use twoopt

generation:1 , min_distance:4108.858416 , time:0.000000

generation:2 , min_distance:3766.920148 , time:0.010000

generation:3 , min_distance:3813.282691 , time:0.010000

generation:4 , min_distance:3595.132699 , time:0.010000

/* H 0 */

generation:27 , min_distance:3856.722093 , time:0.080000

generation:28 , min_distance:3891.668244 , time:0.080000

generation:29 , min_distance:3969.077524 , time:0.080000

generation:30 , min_distance:4113.855390 , time:0.080000

************** execute end **************

Ú�ÛcÐ�Ü$�)Õ k �����Zü�ý��JIK,�L-§NM1O��LÎ result
LP�?ÀJÜ$��Õ�Q²�JÚ�ÛcÐRTSZü�¤��UL�¬L}V�XW�� �1
 Ü$��Õ<QoÐP"
ú1#WÀ��<Y$E �

ehbsawo parameter2
úfô�õ� �

population_select:no_population_select

make_ehm_strategy:make_ehm_delta:0.04

use_twoopt:non_use_twoopt

record_final_state:record:result
� �,�ÀZY?E$L[F�ÝZü�¤K\+��Î

result
L*�?ÀJÜ$�JÕ]Q!^�¿1_/`�ý!�
E � ,�úgô�õ?a"+ú1#²ÀbGKcZ����G�E � Gi��ÎG~�.103ú�d	d�%�¤�e�fXLµÎ population

ú��G�$a�g"!h+ú��VF��®ü�¤ �
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result
úfô�õ� �

population_number:30

city_number:30

total time:0.070000

generation change mean time:0.002333

min_distance: population(27):3720.962301

algorithm:

population select strategy: no population select:

mean time=0.000000

make EHM strategy: make EHM delta: delta=0.040000,

mean time=0.030000

twoopt strategy: non use twoopt: mean time=0.000000

min_distance:

generation:1 , min_distance:3691.558133

generation:2 , min_distance:3788.393055

generation:3 , min_distance:4119.590014

/* H 0 */

generation:27 , min_distance:3819.663246

generation:28 , min_distance:3378.718650

generation:29 , min_distance:3612.802789

generation:30 , min_distance:3720.962301

city_position:

275.227295,297.223719

159.199218,14.568445

293.090348,45.535741

111.211363,20.637708

144.457566,117.711827

/* H 0 */

78.386624,298.653678

19.419848,99.720997

population:

population(0):distance=4254.404667

3,17,1,9,24,7,8,6,11,25,2,21,4,23,10,13,12,19,

18,20,29,22,27,30,26,15,16,28,14,5,

population(1):distance=4248.203993

26,21,13,29,7,28,27,19,15,8,9,16,30,14,18,4,12,

2,3,11,17,23,10,24,5,20,6,25,22,1,

/* H 0 */

population(28):distance=4331.170656

16,28,4,2,5,23,18,29,7,8,13,24,14,6,11,3,22,25,19,

15,20,27,30,21,17,10,26,9,1,12,

population(29):distance=3935.545140

17,3,15,11,20,22,18,23,2,5,9,29,21,12,1,24,14,8,

10,13,28,4,16,26,30,7,27,25,19,6,
� �
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5.3 execute ehbsawo.ml

execute ehbsawo.ml
a3Ü���Õ]Q
Ð��
�$,���Î6i�Ý²úV�-W	� ��
 Ð�jTklL�ü¶Î�¸úTm]n	=�ocÐ�pXq�Î
¸�úKj!k
ú�Íoú"� ¨3© ehbsawo.ml

Ð�F�Ý
Y-E � ¸�ú�r
s�aà�EPt�u	v[Ð�w�%�ý�x$y]z?{$|�}�~ ç Î
Ü?��Õ<Q!^²Ð�Ù��®üRýLÚ�Û[Ð�Ü���Õ]Q?sRTS�Y?E��û!�6 �"�ú�#!�NG�Î
makeparameter

Lb�X��Ü	��ÕKQ�sT#�%¶ý
execute ehbsawo.mlÐPF�ÝZü��XL�Y$E��

makeparameter
úfô�õ� �

pop_num;20,30,40

city_num;50

max_generation;30,40

population_select;no_population_select,population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt,non_use_twoopt
� ����$� G�F�Ý
úK���$a�"oú1#��*G6d��gÑ�s6G�E��
� �

ocaml str.cma unix.cma execute_ehbsawo.ml makeparameter
� �,�ú�Ú�Û	F�Ý�2/4?E

ehbsawo.ml
ú��"Í-a

3× 2× 2× 2 = 24
���LÎ

ehbsawo20 50 30
Î

ehbsawo20 50 40
Î

ehbsawo30 50 30
Î

ehbsawo30 50 40
Î

ehbsawo40 50 30
Î

ehbsawo40 50 40
ú3�[�'ú�z1{1|�}l~ ç[� ��I��Z41E/�$,�4��ú�z�{$|/}l~ ç ^�a/F�Ý�ü/�3å�Q æ
ç¶è�� ú ì�í Î�=�>�Í�Î6@	A�Í�Î6�	B+ú�C��Í[Ð*DZü�ýT��E/�?,�4&�RúVx?y]z1{1|�}l~ ç ú!�iú�û
�T �Î

result121
G � L*�:�Ü-��Õ<Q?s/F��GÚ�Û � R�S�2/4?E��

result
úK\
ú�Í��-a/�!��2/4
��.?0WÐ�DZü�ý��ý�ÎU,�ú/�!o�Î1�<4 ê 4 no population select

Î
make ehm weight

Î
use twoopt� ���:2�4���,�L�Ð��$�+üRý!��E/��Ù��1�$��E��-W���� 
 s<�!�-ý�a����UÐ*���ü�ý��
ü��<�

5.4 read ehbsawo.ml

execute ehbsawo.ml
s
#�%�ý< 	¡32�4���z�� 
 a��Gú!¢�¢V��a	�	£�ú�¤1¥]¦§~z�� 
 G�ú��<¨$©�W�ª�G �¬« f�s/­
d�®¯�TY��K°	±-s�m�Y�²	j ��³ EK�X,�4?´�µGU�b¶ � ¨

read ehbsawo.ml
s�GTE��

read ehbsawo.ml
a

execute ehbsawo.ml
L�þ°T±$¶V�-W���� 
 ª���·<Q-´*¸X¹�º»®¼¨6½�¾-s�CT��¿T¨�À�¾Xs�=?>T¶!�6¶/�TÁ	ÂÃ:´?L]%���©	WTªT´

gnuplot
s�#-®Ä �¡�Y�EK�-¢VÅ�¨�û3´�ÆXÇTE��Gû?�! K¨�È�É¶�û���F�µ�ü���Ê�Ë3´

graph
L*�:��ª?��·]QT^T��©�W�ªPÌ�ü��6�UL�Y�E/�U,K¶/�oT¨	"-¶�#1�PsKÍ�ÎTY?E��

� �
ocaml str.cma unix.cma read_ehbsawo.ml graph makeparameter

� �
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,�¶�#!�bs�Y
E1LÄ¨
graph.dat

¨
graph.eps

¨
graph.png

¨
graph.gp

¶�9ÐÏ�Ñ1¶	ª	�·VQ � _�Î$2P41E���,�¶���Ò�¨
eps
¨

png
°	± � F
rT¶T©6W�ªKÓ]¨PÔ�ÕKÖ �

gp
¶1w¶ �

gnuplot
¶�¦�}�×�Ø8~[ª$ÙP·]Q�Ó�¨	Ô1Õ<Ö �

dat
¶?wV¶ � ØTÚ?Û:~*Ü���z��

Ý ¶�z�� Ý ª$Ù/·]Q?s�G�EK�Þ W	ß�� Ý ª�Ù�·]Q�a�¨1�]4 �	à�á F�µ:2�4�â!ã�E�,�LK´�¨!�1¢3®äÊ�ËU´PR	SÜP��ª!Ù¬·KQ �Kå6æ Y�E!,!L�´PÈ<çèL�Übâ�ã!E � ¨��/4 � ã<�]¨ � ¶�#
�ZG<d!�	ÒÓVF�µU2*4��]d�a�éKê!G�ã	¶]ÓV¨�ë
�	 /¨�ì�¶Pë!Ó]¨NC	��¿-´ à ��s1ÜP�$LK�V¶�©W	ª � �XÜ�¹]4� �¨�"?¶�#1�bG:7Ð��¶ Þ W	ß�� Ý ª1Ù*·]Q
sub makeparameter1

¨
sub makeparameter2

´� í®î¨�7Z�
read ehbsawo.ml

´*F�µ�Y�4� �ï�ã<�
makepa-

rameter
¨

sub makeparameter1
¨

sub makeparameter2
ÓV �%���©�W�ª]a6��4!ðK4K¨ñ

5.1
¨ ñ

5.2
¨ ñ

5.3
Ó ³ EK�

 2500

 3000

 3500

 4000

 4500

 5000

 5500

 6000

 6500

 0  5  10  15  20  25  30  35  40

m
in

 d
is

ta
nc

e

generation

ehbsawo

ñ
5.1: system graph1.eps
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5.2: system graph2.eps
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5.3: system graph3.eps

sub makeparameter1
¶
òPó� �

pop_num;20,30,40

city_num;50

max_generation;30

population_select;no_population_select,population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt,non_use_twoopt
� �
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sub makeparameter2
¶
òPó� �

pop_num;20,30,40

city_num;50

max_generation;40

population_select;no_population_select,population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt,non_use_twoopt
� �F�r�¶
©	W�ª�Ì?¶K�Tô� �

ocaml unix.cma str.cma read_ehbsawo.ml system_graph1

makeparameter

ocaml unix.cma str.cma read_ehbsawo.ml system_graph2

sub_makeparameter1

ocaml unix.cma str.cma read_ehbsawo.ml system_graph3

sub_makeparameter2
� �Ô1Õ]Ö �

dat
¶�ª?Ù�·<Q$s<�!ã6â�õ�ö�Y?E?LÐ¨

execute ehbsawo.ml
a�÷T�3ø/ù� Þ W�ß]� Ý s�ú&û�â�ª�ÙÐ·VQ$´�ì/ü3��ÜbâXÜ/¢$��¶]ÓV¨NFT�?´XI�®þý�YUL�Ø�Ú	Û~ÿz�� Ý ����� âUÜ]¢-�ä���K¶����bG	��
?a
�	`?G����Nd�¶�����o�´��lû�ø�����?���	� � Ü��	¶�Ó�¨Tz�� Ý ¶��èÛV} ��ÛKØ"!�ã��¯�X��Ó

dat
°	±-¶!ª?Ù�·<QX´ T¡�Y��#�1�Ps-Ü��]���ù�a�¨!z1{$|�}l~V×$!�ª?Ù*·]Q!^?´K�%�TÇ��'&T��(?¶K\$s/i )T�?¶/�TÁ?¶�ÂÃ � a�ã+*�â	ã,��£�¹�¶.-?¶%���/��¤�¥�¦ ~'ªTÙÐ·'0#�6¶]ÓV¨�©�W6ª�´21Tâ,�	sKd3,4 ��ã��,! �!³ ù%5/¨

awk
��6�¶�7	��0$´28�9:Übâ;:,<�s 3,4 �=�%! �#>�? �P�

system graph1.dat
¶
òPó� �

plotdata_ehbsawo20_50_30_result121
1 4856.678892
2 4802.995254
3 4170.658105
4 3783.815914
5 4042.554403
6 4003.361729
7 3723.309786
8 3564.487545
9 3544.818842

/* @�A */
28 3147.709878
29 3602.794195
30 3339.144686

plotdata_ehbsawo20_50_30_result221
1 6195.930750
2 5123.658308

/* @�A */
� �
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3000 C%D s���*Kâ!ã���E A �	à6� �+�%�!¶�F$´G,HJI 3%4 ��ãK!ML����K��ù I+N <PO I --¶���� I'Q Ò�RTS�5Kï�ã��

Â	Ã �
3000 C=D ¶?wV¶�´.U�V� �

awk ’$2 < 3000’ system_graph1.dat

plotdata_ehbsawo20_50_30_result121

plotdata_ehbsawo20_50_30_result122

plotdata_ehbsawo20_50_30_result221

plotdata_ehbsawo20_50_30_result222

plotdata_ehbsawo20_50_40_result121

28 2989.230889

29 2953.186065

32 2890.580643

33 2989.199151

plotdata_ehbsawo20_50_40_result122

17 2954.878127

36 2961.944815

37 2992.673868

39 2882.762760

plotdata_ehbsawo20_50_40_result221

/* @�A */

� �
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6.2 } ~ � � � � �¢VÅ N ¨��+�$¶'E A I$u ã6â 3=4 �'s u ¢U®þ¨$��� I
�+� ´�� � v����
E A ´à Ï	Ñ I Ü'�&®��$¶	� á ´ 3=4 �
s

6.2.1 ���������n������+���T¶
E A I$u ã�â$´ 3%4 �
s�Ê�Ë N ñ 6.1 � 6.2
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6.1 � 6.2
´�1J��! �=  ×M{�¡¢E A !J¡^{�£�ß¥¤¦¡¢E A § o ù�âTã#�#�#! §$¨`	©�ù��	s;��ª I ��«
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¹ N�ÑPÒ,Ó «+`¥Á

sampling
L��¥�! I �¥�P«$¹ b Ô�Õ=Ö�N
× ��ªØ�%� §�� �+ÆÚÙ Ê N
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«��%! I$u,» ËN
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â
6.1
«�ÞTB,ß�{¥à ã"ä�å;0� �

pop_num;150

city_num;200

max_generation;50

population_select;no_population_select,population_select_half,

population_select_roulette,population_select_tournament

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt
� �â

6.2
«�ÞTB,ß�{¥à ã"ä�å;0� �

pop_num;150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select,population_select_half,

population_select_roulette,population_select_tournament

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt
� �
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6.1: EHBSAWO
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6.2: EHBSAWT

IPæ¥ç ���+�+�"�=«'¿,À
6.2.2 EHM

EHM
«
E A I$u#» Ë 3%4 �	s è+é N â 6.3 � 6.4

¹¥º%ê	sKë�ì N
í ` î ç Á�Âp
­ § N ê�F I'ï�» �¥��Á�VðÂ'p�s$�������,«�¿�À¦Á¥Â�ñ�ªòË�lØ��«
��Æ § Ç�ÈÂ.Ë » ê�« § Ó F�ê
s
â

6.3
«�ÞTB,ß�{¥à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

population_select;no_population_select

make_ehm_strategy;make_ehm_delta:0.04,make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �
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6.4
«�ÞTB,ß�{¥à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_delta:0.04,make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �
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6.3: EHBSAWO
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6.4: EHBSAWT

«
EHM

E A

6.2.3 choose template , choose sampling node

template, sampling node
Á�¿,À�L�ê"ô�°�«	E A I$u=» Ë$õ%ö"ê
s+è+é N â 6.5¹¥º%ê
s
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6.5
«$è%é N,» É » ¶ Ó#÷ § f Â » s%ø » Ë�ù"ú¥û � template

Á'¿nü�ô�°I=N ó"{�ÃPÄn¡ýE AP� sampling node
Á.¿�üKô�° I,N B�¤+þ�ÿPE A=§�� l ï ª �

template
Á�¿Tü¦ô;° I+N  �� {�¡¢E A�� sampling node

Á�¿"ü¦ô�° I�N B�¤Pþ�ÿE A+§�� l�� »�� � I
	 ú�ê §$� ë�«	´,Æ N�� µT«

�� ¼%½ � sâ
6.5
«�ÞTB,ß�{¥à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select

choose_template_strategy;choose_template_randomly,

choose_template_roulette,choose_template_elite

choose_sampling_node_strategy;choose_node_randomly,

choose_node_roulette

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt
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6.5: choose template, choose sampling node
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6.2.4 2opt

2opt � Á����;pJô;°¥ô � �=Ï#ñ����;pJô;°;«
��«
�+Æ�«'µ I�u,» Ë;õ=ö�ê's"ë«�è+é N â
6.6 � 6.7

¹%º#ê
s
EHBSAWO

N � º#ê.´�Æ"«���� § 	�� ì�ê §�� EHBSAWT
«
­���®�ô��! #"Ï � ñ »�� �%$ 	 ú¥ê	sKë.ì�� æ v � ª � EHBSAWT §'& ¤�þ�ÿ($ template

Á¿��+¹ » ê
) » ¹ � 2opt
«'y�é §+* «
,.-�$
/#Ï � ñ » ) »,¼ ô10,ú � ì�ê's
â

6.6
«�Þ & ß�{¥à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

population_select;no_population_select

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt,use_twoopt
� �â

6.7
«�Þ & ß�{¥à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt,use_twoopt
� �

6.2.5 243'56 É ¹%«'è é � Ð � EHBSAWO
�'����«�¿ À�$ �� 7� {�¡98;: � ¡�{;£�ß%¤¦¡8;:=«< 
¶ � � � EHM

$ í'= î ç 8;: ��>@?�A ��� � « 2opt � Á%�.B.C�ê%8;:§ ï�»'� �1$ Ì ú%ê's EHBSAWT
�'���,«�¿�À�$ �� 7� {�¡98;: � ¡�{;£�ß%¤¦¡8D:%«E 
¶ � � � EHM

$ í�= î ç 8': � 2opt � ÁF�GB�Â�ñ » � ô » �H8': § ï» ô Ì ú#ê's ¼ §�� ë�ì � «
è+é"« = � � � choose template
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choose sampling
node

�E Mì § ï�» ô�I » ú,ñ » s
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6.6: EHBSAWO
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6.7: EHBSAWT
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6.3
J K � � � LNM O P Q R S T U V W X

6.3.1 EHBSAWOY[Z «
è�é�Á � Ð � EHBSAWO
�����,«.¿+À � ôPÂ2Ë  \�^] ¡98�: � ¡ ] £�ß¤±¡_8':%«� 	¶ � � � EHM

$ íD= î ç 8': � 2opt � ��` Ðba ô »dc 8': §+e ìË » ê"ô10�ú � ì�ê
fKë.ìTÁ1g'h($
i��(j�Ë = ê
f
* « ��c ñ$Þ & ß ] à,ã�ä.åPó ehbsawo parameter4 1

Á
� »�kml aEn & ãpoÂ a�q « * $ ehbsawo parameter4 2
Á%� » a@r j#ê%8':=« n & ã,Á�sEt�C�ê
f

â
6.8
«�Þ & ß ] à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

population_select;no_population_select,population_select_half,

population_select_roulette,population_select_tournament

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt,use_twoopt
� �â

6.9
«�Þ & ß ] à ã"ä�å;ó� �

pop_num;150

city_num;200

max_generation;50

population_select;population_select_half,

population_select_tournament

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt
� �ë�«	è+é�� a â

6.8
a

6.9
ô.ñ#ê
f× Â 	 $ ª » « ¹vu�wvC"ê�ô a �yxyz.{ � e ì%Ë » ê�|�$ select elite,twoopt` Ðba * � select elite,twoopt } Â a select tournament,twoopt

` Ð~a ô.ñ��
Ë æÐ~am�m����� Â1���+��ë#ô � Ó ��ê
f

6.3.2 EHBSAWTY�Z�� è é¦Á+� É ú a@� � 8':Kô����ðÂ���ô��GI
template

a
sampling node

Á¿Tü�8': �[� éKÁ(I��+ñ » ��Á.õ%ö"ê
fq � �mj�$ a * � ��c ñ$Þ & ß ] à+ã"ä.å�ó ehbsawt parameter4 1
Áp� »�kl a�n & ã%odÂ aGq � * $ ehbsawt parameter4 2
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6.8: EHBSAWO
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6.10

� Þ & ß ] à ã"ä.å$ó� �
pop_num;150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select,population_select_half,

population_select_roulette,population_select_tournament

choose_template_strategy;choose_template_randomly,

choose_template_roulette,choose_template_elite

choose_sampling_node_strategy;choose_node_randomly,

choose_node_roulette

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �â

6.11
� Þ & ß ] à ã"ä.å$ó� �

pop_num;150

city_num;200

max_generation;50

cut_num;5

population_select;population_select_half,

population_select_tournament

choose_template_strategy;choose_template_randomly,

choose_template_roulette,choose_template_elite

choose_sampling_node_strategy;choose_node_randomly,

choose_node_roulette

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �ë � è+é�� a â

6.10
a

6.11
ô�ñ%ê
f

choose template
ô

choose sampling node
� 8D:��m�nô%�d ��'�;$��.�±Á%��úñ » ë#ô � Ó ��ê
f

6.4 � � � � � L�� � ��R S T U V W X
6.4.1 ���¡ £¢�3 cut ¤

cut ¥ �%g�¦y§m¨�$�©E�Dª^«F¬G�®­v¯G°�f�±=ú+û ap² � ± � cut ¥ � 5
� ô�� a
³´ �

EHBSAWO
�pµ<¶®·'�¹¸º� g@¦y§G¨�»G¼.°pf q�½ » aF¾ Z »G�

cut ¥�¿HÀ;Á¥!Â "mo!ÃF)�� ¿ � � g.¦;§G¨ ¿�Ä ��ÅmÆ Â�ÇyÈ °pf EHBSAWT
�

EHBSAWO¿ ³�É ÆD� gm¦�§G¨+» q[Ê�Ë�Ì I^Í;¯ Ä �
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6.10: EHBSAWT
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cut
� �mà Â%ÇyÈ °v�@j � Õ�Öm× ]�ØvÙ�Ú%Û[Ü� �

pop_num;150

city_num;200

max_generation;50

cut_num;1,2,3,4

population_select;population_select_half

,population_select_tournament

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �½�Êdá � g�¦vâ à Â�ã�ä%ÇmÈ ° ¿æå 6.1

a
6.2
� t�Î�°�f[�vç'Þ a

EHBSAWT1/1è
EHBSAWT1

�pé(ê »
cut ¥ � ¸ »@¼m° ½ ¿%Â®åmë fpÑ[� a EHBSAWO1

a
EHB-

SAWO2
a

EHBSAWT1
a

EHBSAWT2
»mì � Ã Ê ­@¯G° Õ'Öv× ].Ø è[í@î �1ï Ì f

EHBSAWO1
� Õ�Ö.× ]�Ø� �

pop_num;150

city_num;200

max_generation;50

population_select;population_select_half,

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt
� �

EHBSAWO2
� Õ�Ö.× ]�Ø� �

pop_num;150

city_num;200

max_generation;50

population_select;population_select_tournament

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt
� �

EHBSAWT1
� Õ�Öm× ]�Ø� �

city_num;200

max_generation;50

population_select;population_select_half

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �
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EHBSAWT2
� Õ�Öm× ]�Ø� �

city_num;200

max_generation;50

population_select;population_select_tournament

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �

å 6.1: cut ¥�¿ kml §y¨ a�ð�Ë[ñ Ä ��Å@Æ¡¸
ÀDÁ[¥ / òmómô@õ /

§y¨
(s) ÀDÁ�¥ / òGómôvõ /

§y¨
(s)

EHBSAWO1 150/8823.9/16.6 150/8823.9/16.6

EHBSAWT1/1 150/9792.9/16.7 150/9792.9/16.7

EHBSAWT1/2 150 /11824.8/7.63 300/12462.9/15.4

EHBSAWT1/3 150/13729.6/5.35 450/14720.0/16.0

EHBSAWT1/4 150/14436.0/4.43 600/17208.3 /17.9

EHBSAWT1/5 150/15950.1 /4.17 750/19280.9/21.3

å 6.2: cut ¥�¿ kml §y¨ a�ð�Ë[ñ Ä ��Å@Æ÷ö
ÀDÁ[¥ / òmómô@õ /

§y¨
(s) ÀDÁ�¥ / òGómôvõ /

§y¨
(s)

EHBSAWO2 150/10081.3/16.6 150/10081.3/16.6

EHBSAWT2/1 150/9730.2 /16.7 150/9730.2/16.7

EHBSAWT2/2 150/11588.5/7.70 300/13372.9/15.2

EHBSAWT2/3 150/14407.8/5.27 450/16118.3/16.0

EHBSAWT2/4 150/15035.6/4.48 600/17210.9/18.2

EHBSAWT2/5 150/15809/5/4.13 750/ 19376.0/21.1

å 6.1
a

6.2 Âpø ° ¿ a cut ¥dÂ�ùyú Þ�� ¿ � ä�û�ü�ä�ÀDÁ[¥!Â�ù(úGëý¿ Ïyþ;ÿ­ Ä �
ÅvÆ ��� o7Þ®­.¯y° ½ ¿ � ·yÏ °pf ½�Ê è template Â Ö������ ä	��
�� ¯» a�
 � Í ª Ô ¯�� � Â template ä Þ1­EÞ�Ñ ÿ ­.¯(°������ ��� ¯ ½ ¿%ä���� �`E° ¿�� ¬ Ê ��f q;½ » a template Â����®]�� é;ê » ��� »[gm¦ ë Ê���a À'Á �ù! �ä Ë ° Ä ��Å@ÆD�#" ²��%$ jy° Ï a ¿�& þ gm¦7Þ
� ��a � ¿��(' â à è�) ¬á Ô Ï(ÿ ��f
â+* ½�Ê è
cut ë ° ½ ¿ » a EHM

��,.-0/21v� �@à��%3 Ô ª Ô ÿ ­Þ�Ñ c ½ ¿Fä ©\� Ô ��� � ¼G° ¿4& þ á®Ê °pf
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6.4.2 576<¤98;:=<�¤98(>@?÷¤Ó äpÀ�Á�¥ a+ACB ¥ a!D2E ¥ � «�F ä0G ¯@­ Ç�È °�H#I+J � â à Â �;Ñ þ ­0K
cut
� ¥ è 1 ä ì � ë °�HD�mçLK EHBSAWT ä ð ¯m­ è template ÂM�2N'ë ° ¿� ä ÖO�0��� é;ê ä� þ ­ �@�QPR� é;ê � ÇGÈ °�H ½�Ê è À'Á�¥<Â1ùGú Þp� ¿ �ä K template Â����QPR� é;ê » ��� ç�S � Ä �
Å@Æ � Í ª Ô °M���[� Â�&%T ÞF��#U�»(¼y°�H

ß
6.12

� Õ�Ö.× P�ØvÙ�Ú%Û+Ü� �
pop_num;50,100,150,200,250,300,350,400

city_num;200

max_generation;150

population_select;population_select_half,

population_select_tournament

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt
� �ß

6.13
� Õ�Ö.× P�ØvÙ�Ú%Û+Ü� �

pop_num;50,100,150,200,250,300,350,400

city_num;200

max_generation;150

cut_num;1

population_select;population_select_half,

population_select_tournament

choose_template_strategy;choose_template_randomly,

choose_template_elite

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt
� �ß

6.12
K

6.13 Â�ø ° ¿ K é;ê K À'Á�¥�ä Ë ÿ ­ À!V(ë ° D#E ¥OW � ¿��(' ) ¬á Ô ¯ ½ ¿QW�ø ­%X Ê °�H'ÑZY�[ P�ØvÂ�ÇGÈ ° ¿ K À'Á�¥.W ¼G° É Æ í ² ù þ °¿#Ä]\ Å@Æ è Ï.þ(ÿ ­ � ª Ô ° ½ ¿ � ·GÏ °�H 6.12
K

6.13
Ï á K À'Á�¥ 50 \ � \\ - ÂM^`_ Þ�Y \ZW K ß 6.14

K
6.15

»(¼y°�H
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6.12: EHBSAWO \ Õ�Öm× P(Ø 1ß

6.14
K

6.15 Â�ø ° ¿ K À'Á�¥�\ ©(a�¯b� \mä�cmÈ ­(¼Oa á Ï äpÄ�\ Å@Æ \ Í¯ ½ ¿�W ·�Ï °�H Ë ÿ ­ Ó è 'd\ É Æ \pÀDÁ�¥OW A!B ¥ 200 \E¿ a ä è�egf Ô \Ï Â%ÇGÈ °�H ½ \ â à è ß 6.16
K

6.17
H ½%Ê è ß

6.14
K

6.15 \ Õ�Öm× P�Ø » ÀDÁ¥ íZh Â ´�Þ;ª[ÞiK À'Á�¥ Â 10
Ï á

100
Ñ[»

10
Ò G )kj Ã � ­�l#mýÞ�Y�� \ »¼(°�Hß

6.16
K

6.17 Â�ø ° ¿ K EHBSAWO
è

40
í ² Ô á4�#n�ÊCo 'qp è Ô ¯LH EHB-

SAWT
Ô á

50
í ² Ô á	�kn�Ê.o '�p è ø á^Ê Ô ¯ZH ½%Ê í ² è ½ \ [ P�Ø Ï áè%r - X Ê Ô ¯ZHn(½ »%K À;Á
¥�¿ A0B \F¥�\ «	F ä%G ¯�­�Ã á äFÇ.È °dH A+B \%¥EÂ )!j Ã � Keks Ô À'ÁC\p¥<ÂMt#uyë °�H ²Lv \ â àdË�Ì K ÀDÁ[¥ è A#B \p¥b\ ¶�· \ ¸ Ï á³ ´ \�¥<Â Ðxw ä Þ1­ t#uyë °�H À!V è é;ê K Õ�Ö@× P(Ø�ä n[Ê�o '�y!z Þ Ô ¯Ë]{ Ô \ »LK DCE ¥ è o#| À!V ÞZa ÿ ­y¯�° Ë�{ ä
ø þ ° 150

»GìL} ë °�HA#B \
¥ Â 200,400,600,800,1000 \<¿ a Â%ÇyÈ °�H n�Ê.~+Ê ä�� Þ�­ Ó \
ÀDÁ¥!Â�ÇyÈ Y%H A#B ¥ 50 \ � \ è À�Á�¥ 10
Ï á

10
Ò G K 200

Ñ[»LK A#B ¥ 400 \� \ è À;Áp¥ 100
Ï á

20
Ò G 400

Ñ�»%K A+B ¥ 600 \ � \ è À'Áp¥ 150
Ï á

50
Ò

G 600
Ñ�»�K AkB ¥ 800 \ � \ è À'Á�¥ 200

Ï á
100
Ò G 800

Ñ�»�K A#B ¥ 1000\ � \ è À'Á�¥ 250
Ï á

150
Ò G 1000

Ñ[»0H½ \ â à è ß 6.18
Ï á ß

6.27
H

ß
6.18

Ï á
6.27 Âpø ° ¿ K AkB \�¥!Â )2j Ã � Y ¿ a��QK#� ä )kj�è ø á®ÊÔ ¯LH G Ñ Ì K ú è Ì ÀDÁ�¥.W A#B ¥�\ ¶®· \ ¸ í ² Â�ù þ ° ¿ K Ä�\ Å@Æ è �ª Ô °�H�Ñ0Y�K
cut ¥ 1 \ EHBSAWT ¿ EHBSAWO

è Ä�\ ÅmÆ ¿ ¯ {�� » è o¿���'�p è ø á�Ê Ô Ï;ÿ Y�HyÑZY n[Ê�o '4��� Ô p è - á�Ê Ô ¯ W K EHBSAWTä ð ¯�­ è template
è Ö��%��� é;ê K À'Ák\	�!N è ���iP�� é�ê W%� Ê ­m¯(° Ë
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6.13: EHBSAWT \ Õ�Ö@× P�Ø 1
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6.14: EHBSAWO \ Õ�Öm× P(Ø 2
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6.15: EHBSAWT \ Õ�Ö@× P�Ø 2
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6.16: EHBSAWO \ Õ�Öm× P(Ø 3
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6.17: EHBSAWT \ Õ�Ö@× P�Ø 3

{ çLH
EHBSAWO ä ð ¯m­g� À�Á2\��CN è '�� á Ï ¿ ¯ þ � ���4P�� é�ê W��Ê ­G¯�° Ë.{ ä -mþ °�H

6.5 � � � ��� � � � � � �
6.5.1 ���Ó ä��!� j \��+�<Â m Ô { HL�k�#� í�h \ é;ê K Õ�Öm× P�ØvÂ ì�}7ÞiK Ä�\ ÅÆ Â�Ç(È °�H%�!�#� í�h \ éDê è KL� Ó#  »�¡0¢�Þ4£ ò � � Ê Y�¤.¥ Â0_ Þ�Y Ó\ é'ê »�m Ô { H

EHBSAWO \ é'ê� �
population_select:population_select_half

make_ehm_strategy:make_ehm_weight:0.04

use_twoopt:use_twoopt
� �
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6.18: EHBSAWO:
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6.23: EHBSAWT:

AkB#¦
600

55



 20000

 30000

 40000

 50000

 60000

 70000

 80000

 90000

 100000

 110000

 120000

 130000

 0  20  40  60  80  100  120  140  160

m
in

 d
is

ta
nc

e

generation

ehbsawo

ß
6.24: EHBSAWO:
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6.25: EHBSAWT:
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6.26: EHBSAWO:
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EHBSAWT \ é'ê� �
cut_num:1

population_select:population_select_half

choose_template_strategy:choose_template_randomly

choose_sampling_node_strategy:choose_node_randomly

make_ehm_strategy:make_ehm_weight:0.04

use_twoopt:non_use_twoopt
� �Ñ�Ò è K À�Á ¦ 100

K A!Bk¦
200
K DkE!¦

50
K+�C� ¦

10
Kb§k¨%©2ª ¦

8
K(»�«éDê Âd¬!­ ÞM£ -O® H ½ \ â à è ß 6.28

K
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6.28: MPIEHBSAWO \ é'ê½�Ê è � á Ï ä �#� \ é;ê KL�#� \ é;ê ¿ � äZ���QPR� é'ê \ � \�W+Ä]\ Å@ÆW Í�¯�H�Ñ0Y�K!� Ó » è ò � 8000

É Æ ç ÿ Y AkB#¦
200 \�Ä�\ ÅmÆ W K 5000

ÉÆ Ñ�»#°L±!Ã Ê £k¯ ® � �i² Ð Ã Ê ® H íGî.è �!�k� \ é;ê Â%���QPR� é;ê ä ì}�ÞxK Õ�Ö@× P;Ø@Â )kj Ã ��Ä�\ ÅmÆ ÂFÇyÈ ® H

6.5.2 ³�´¶µ�·=¸A!B!¦g¹
200
K%º�» ¦g¹

50 ä ì�}7Þ¼K%�!�#� ¦ KO§#¨�©#ª ¦g¹ )kj�½ � ® H GÑ Ì K Ó \ Ë]{ Ô[Õ�Öm× P;ØvÙDÚFÛ[Ü ¹d¾£Ì K!lkm ë ® H
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6.29: MPIEHBSAWT \ é'êß
6.30 \ Õ�Ö.× P�ØvÙ�Ú%Û+Ü� �

pop_num;50
city_num;200
max_generation;150
process_num;2,3,4,5,6,7,8
population_select;population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_elite
receive_strategy;receive_elite
send_num;5,10,15,20,25

� �
ß

6.31 \ Õ�Ö.× P�ØvÙ�Ú%Û+Ü� �
pop_num;50
city_num;200
max_generation;150
cut_num;1
process_num;2,3,4,5,6,7,8
population_select;population_select_half
choose_template_strategy;choose_template_randomly
choose_sampling_node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt
send_strategy;send_elite
receive_strategy;receive_elite
send_num;5,10,15,20,25

� �
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6.30: MPIEHBSAWO \ Õ�Ö.× P(Ø�¿

 5000

 10000

 15000

 20000

 25000

 30000

 0  20  40  60  80  100  120  140  160

m
in

 d
is

ta
nc

e

generation

mpiehbsawt

ß
6.31: MPIEHBSAWT \ Õ�Öm× P;Ø�¿
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MPIEHBSAWT \ og{ è §#¨%©#ª ¦(¹%À ú.ëÂÁ�Ã Þ.Ä â à W � Ä Ô ® H�Ñ0Y�Kò � \ â à � MPIEHBSAWO Á o Á4�Â'	Å%Æ#Ç.È�É ® H�Ê ÿ £ í(î È è w }!¤ä ð ¯+£ � ® MPIEHBSAWO \ og{ \ - ¹ & þO® H
MPIEHBSAWO \ [ P;Ø ¹ ø ® Á K�ËdÌ;ç 1 È è�Í ÄqÎ.Ï@Ð	Ñ#¯0H û�ü`Ò §¨�©#ª ¦(¹ ùGú#� � Ê�¯ ÁÔÓ {ÔÕ 1 È è Ñ+¯]Ê { çbÖ¼K û+ü�Ò �!�#� ¦�¹ ùGú#�� Í ¯

(
�#Ö.Ä è�× Ð � � Í ¯ ) Á ¯ {�Õ 1 È è Ñ+¯]Ê { ç�H#Y@ç�Ö¼KLØbÙ!Ú P�Û¹ e!s Ò�Ü }�Ö�Y Á a Á n`{ È Ñ+¯ Á a \�Ý]\�Þ#Ç]\�p�ß ÏCÑ�àâá(a�¯LHCã 6.30Ò ð 1�® ò Í \[ò2ä2åCæ`ß §2¨Z©2ª ¦èç È �C��� ¦êé \ [ P]Û0ë!W K�Ë \LÝ;ß

4864.1 Á �kì   \ 7657.1
Êbà

1.6 í#Æ!Ç#� Ìk£C¯ ® HÁ à É+îZï K]¯@Ä G Ï c+ðb\ Y!U \ [ POÛ ¹ Á%ñ £kò ® Hã
6.32 \ Ø;ÙkÚ POÛ+ó�ô	õ�ö� �

pop_num;100

city_num;400

max_generation;150

process_num;2,3,4,5,6,7,8

population_select;population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt

send_strategy;send_elite

receive_strategy;receive_elite

send_num;10,20,30,40,50
� �ã

6.33 \ Ø;ÙkÚ POÛ+ó�ô	õ�ö� �
pop_num;150

city_num;600

max_generation;150

process_num;6,7,8

population_select;population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt

send_strategy;send_elite

receive_strategy;receive_elite

send_num;10,15,30,45,60,75
� �
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6.34 \ Ø;ÙkÚ POÛ+ó�ô	õ�ö� �

pop_num;200

city_num;800

max_generation;150

process_num;6,7,8

population_select;population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt

send_strategy;send_elite

receive_strategy;receive_elite

send_num;10,15,30
� �ã

6.35 \ Ø;ÙkÚ POÛ+ó�ô	õ�ö� �
pop_num;250

city_num;1000

max_generation;150

process_num;6,7,8

population_select;population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt

send_strategy;send_elite

receive_strategy;receive_elite

send_num;20,30,40
� �ËQÌ(Ð \	÷Zø]\!ù�È�ú�û ¤�¥ \ Í Ï ñ Y û�\ ¹ K Å.ü AZB0¦ \MúÂû ¤C¥ \ Í Ï ñY��kì   Áxc+ð Ö�Y�ý W ý 6.3 Ò Ñ ® H0�#�C� ¦ ß�þ Ñ+¯LS WLú#ÿb\ ¤.¥ ¹ _ Ö��� ¯;Ë ÁQW�� £%X�Ì ® H��ZY�KL�#ì   Áxc�� Y Á a \ ¤.¥ cCW
	�� ¦ W
� ¯ Áa ß�� ¯ \!ß KCØ;Ù#Ú POÛ ¹�� Î Ò������ Ä�ÖM£C¯kÑ#¯���¯ ë`Á��Cî ÐiÌ ® HÖ4ÏgÖ¼K � ß à��
� Ò §#¨�©#ª ¦g¹�� � Ö¼KZ�!�#� ¦g¹ × Ð���� Í ¯ Á ¯ {ÔÕ� È2ß Ñ+¯]Ê { ë H%�!�#� ¦(¹
 }@Ö¼K�§#¨�©#ª ¦"! Á	\�Ý ¹ ý Ò Ö�Y û�\�W ý
6.4 ë0W KÂË�Ì ¹ � ® Á §2¨%©Cª ¦ W�¿$# { ÁÔ÷kø.W áÂagÄ&%bÑ ® Ë Á�W.É ® ËÁ4W ÎOÏ ®('

ý
6.3: MPIEHBSAWO \ l�) ÷!ø 1

	�� ¦ §k¨L©kª ¦ �#�k� ¦ �!�   \�Ý �Cì   \�Ý �kì  
/ �!�  

200 7 5 4864.1 7657.1 1.57

400 8 10 8273.5 13525.5 1.63

600 6 10 15428.0 19317.1 1.25

800 8 10 17800.1 24701.0 1.38

1000 6 20 23639.5 30812.7 1.30
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6.32: MPIEHBSAWO \ Ø;Ù#Ú+* Û 2
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6.33: MPIEHBSAWO \ Ø;Ù#Ú+* Û 3
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6.34: MPIEHBSAWO \ Ø;Ù#Ú+* Û 4
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6.35: MPIEHBSAWO \ Ø;Ù#Ú+* Û 5
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6.4: MPIEHBSAWO \ l�) ÷!ø 2

	�� ¦ §k¨�©kª ¦ �k�#� ¦ �!�   \�Ý
200 6 5 8284.6

200 7 5 4864.1

200 8 5 5562.4

400 6 10 14291.7

400 7 10 10221.9

400 8 10 8273.5

600 6 10 15428.0

600 7 10 15757.1

600 8 10 18500.4

800 6 10 18160.2

800 7 10 18956.0

800 8 10 17800.1

1000 6 20 23639.5

1000 7 20 30047.3

1000 8 20 28848.7
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EHBSAWT \ EHBSAWO
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EHBSA §
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A
Ò Ó Ô Õ Ö ×

Ø�Ù�È «�Ú execute ehbsawo.ml K execute ehbsawt.ml K execute mpiehbsawo.ml K
execute mpiehbsawt.ml K read ehbsawo.ml K read ehbsawt.ml K read mpiehbsawo.ml K
read mpiehbsawt.ml «�Û3{ e6Ü#Ý(Þ ë3ß1à3áãâ
ä�«
å(æi« d e�Ü#Ý(Þ ë3ßgI&~�ç�-è �
�&äé�*ê�¤<ëAìFí

A.1 EHBSAWO

A.1.1 îðïòñòóéô�õ÷ö�øéùûú
� �
pop_num : ü�ý
city_num : ü�ý
max_generation : ü�ý
population_select : no_population_select

population_select_half

population_select_roulette

population_select_tournamentþ { è ��­
make_ehm_strategy : make_ehm_delta Îÿü�ý , make_ehm_weight Î ü�ýþ { è ��­
use_twoopt : non_use_twoopt , use_twooptþ { è ��­

� �

A.1.2
� �����

pop_num;150

city_num;200,400,600

max_generation;50

population_select;no_population_select,population_select_half

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt
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A.2 EHBSAWT

A.2.1 îðïòñòóéô�õ÷ö�øéùûú
� �
pop_num : ü�ý
city_num : ü�ý
max_generation : ü�ý
cut_num : ü�ý
population_select : no_population_select

population_select_half

population_select_roulette

population_select_tournamentþ�� è ��­
choose_template_strategy : choose_template_randomly

choose_template_roulette

choose_template_eliteþ	� è ��­
choose_sampling_node_strategy : choose_node_randomly

choose_node_rouletteþ�� è ��­
make_ehm_strategy : make_ehm_delta Îÿü�ý , make_ehm_weight Î ü�ýþ�� è ��­
use_twoopt : non_use_twoopt , use_twooptþ	� è ��­

� �

A.2.2
� �����

pop_num;150

city_num;200,400,600

max_generation;50

cut_num;5

population_select;no_population_select,population_select_half

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt
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A.3 MPIEHBSAWO

A.3.1 îðïòñòóéô�õ÷ö�øéùûú
� �
pop_num : ü�ý
city_num : ü�ý
max_generation : ü�ý
process_num : ü�ý
population_select : no_population_select

population_select_half

population_select_roulette

population_select_tournamentþ�� è ��­
make_ehm_strategy : make_ehm_delta Îÿü�ý , make_ehm_weight Î ü�ýþ�� è ��­
use_twoopt : non_use_twoopt , use_twooptþ	� è ��­
send_strategy : send_randomly , send_roulette

send_elite , send_tournamentþ�� è ��­
receive_strategy : receive_randomly , receive_roulette

receive_elite , receive_tournamentþ	� è ��­
send_num : ü�ý

� �

A.3.2
� �����

pop_num;100

city_num;200

max_generation;50

process_num;8

population_select;population_select_half

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;use_twoopt

send_strategy;send_randomly,send_roulette

receive_strategy;receive_randomly,receive_roulette

send_num;10
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A.4 MPIEHBSAWT

A.4.1 îðïòñòóéô�õ÷ö�øéùûú
� �
pop_num : ü�ý
city_num : ü�ý
max_generation : ü�ý
cut_num : ü�ý
process_num : ü�ý
population_select : no_population_select

population_select_half
population_select_roulette
population_select_tournamentþ�� è ��­

choose_template_strategy : choose_template_randomly
choose_template_roulette
choose_template_eliteþ	� è ��­

choose_sampling_node_strategy : choose_node_randomly
choose_node_rouletteþ�� è ��­

make_ehm_strategy : make_ehm_delta Îÿü�ý , make_ehm_weight Î ü�ýþ�� è ��­
use_twoopt : non_use_twoopt , use_twooptþ	� è ��­
send_strategy : send_randomly , send_roulette

send_elite , send_tournamentþ�� è ��­
receive_strategy : receive_randomly , receive_roulette

receive_elite , receive_tournamentþ	� è ��­
send_num : ü�ý

� �

A.4.2
� �����

pop_num;150
city_num;200
max_generation;50
cut_num;5
process_num;6
population_select;no_population_select
choose_template_strategy;choose_template_randomly
choose_sampling_node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt
send_strategy;send_randomly,send_roulette
receive_strategy;receive_randomly,receive_roulette
send_num;3,6,9
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B OCamlMPI

B.1 
 �
� �Ø�Ù�È «AÚ OCamlMPI ¤�¾ ������� ¤�����ì��-íO�	� Ø�Ù�È þ���� ÚFÃ�Ä þ� �! #"%$'&)(
[7] *�+-,�.0/é¥21	3�4ð¥  %5Fþ «)6)�<í OCaml 798#¤g¾ �:� Ú"�$;&!(

[8] <>=;*?1 MPI ¤�¾ �	� Ú "@$;&!( [9][10][11] <A=B* "�C ¥ ��D ¥ � í
ocamlmpi Ú(â�E �GF ëFäIH�J ��� � 5&þ�K ì%��í0L  ;M!N�þ#O�P Ú#Q � nfs «R)S	T H#J �!� �;UWVIX#Y FBZ «�[]\Yí ocamlmpi

þ   E Ü âgä�Ú
� �
ocamlc -I +ocamlmpi mpi.cma hoge.ml -o hoge

� �^ [�Ú
� �
mpirun -np 3

� �
«@_�`>� K ìW�-í

B.2 a b c d egfØ�Ù�h�i Ú�ÚBj 5lk ØIm <Bn�o�n þ#p)q *?r �!�tsvu 1Iw þyx%z	�ts9{�|
ocamlmpi

z æ�}~H#J �!� �#��ý)�W�-ýW<>=;*�r �!��s íI����Q � mpi ���)��ëä�í�<-� MPI Init
K�|

MPI Finalize Ú	< � í��?J��6Ú�7�� m z �W� ��s J�� u 1
barrier �-ý~*��)�!� Ý�� þ j!� i)��� \ K ì�� K�� �!*�����ì~� K�u 6��%��\� í���JiÚ'1 � , i �0���AH#J)< � L�L MPI Barrier �<ý u �0� J �>� LI\y� Ku-�%� � í
type communicator

type rank = int

val comm_world : communicator

external comm_size : communicator -> int = "caml_mpi_comm_size"

external comm_rank : communicator -> rank = "caml_mpi_comm_rank"

val barrier : communicator -> unit

external wtime : unit -> float = "coml_mpi_wtime"

 t¡~¢ *¤£¥� �0� ��¦�Ú'§�¨ {©s �)ª \ u 1 K�« 6�¬:­ M!N)zB®W¯ ì��-í
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type communicator communicator
þ ß(â@�*í communicator

K Ú%°uë²± þ �ä�ë)��í { L « URëAß�*?³�´ iIµ ���0�;¶!· þ�¸ L « í
type rank °�ë]± þ Ý EyY�í�6!� communicator

z#¹º�¤�0� ��°�ë]±�Ú>» | �½¼z 4 þ ü�ý0¾ uy¿À« � � �2J-1º��JW*:w þ °�ëÁ± þ Ý E-Y K?� \Yí
val comm world �	��ë � ä�< communicator íyU�à�Â ä F i Ú#Q �3þ °
ë]± u"�Ã©�?�0� �-í
external comm size communicator *	Ä-ý z�ÅÆ« 1Iw þ communicator

þB¹���!� �!°�ëÁ± þ ý¥*¤Ç�ì%��ý3í
external comm rank � þ �<ý¥* ��È � °�ë
± þ�É ¬~�lJ  communicator

z
��Ê)� Ý E�Y6ýA*?Ç�ì%��ý�í

val barrier
É ¬¥�lJ  communicator

þ QA°
ëÁ± i)Ë �>* K �-í
external wtime �!�0� Ýy�'^ [ | ��ý�¬  clock Ì!Í�*¤Ç�ì%��ýií

B.3 a b c d Î Ï Ð Ñ Ò C ÒÔÓ Õ Ö
LB­�× k�Ø m <Bn�o�n þ�p0q *?Ù �¤�0Ú �<í�n�o�n p0q i ×#ÛÜ�'U�ë�Ý	*�Þ	ßìW� þ0z Ý�� K?� \áà�ßW<&ü�ý0¾>*�â]\YíÜÝ��:× ocamlmpi

i ×�ã þ ��\ z�ä }H�J �!� �
type tag = int

�¤|>� Q �3þ ü�ý�¾ u â@¬���å%Ê i ×�< s 1IÝ	��×¥» | �0æ�ç�è0é	è þ Í þ üý�¾ z�ê �2J%��ëI� þ Ý	��*�ì �:� ^@í z0î@ï ¶�ë0�0*#� «yK�«�ð � z ×�ã þ �\?< send,receive
K?� \���ý¥*�âñ\òë

val send : ’a -> rank -> tag -> communicator

val receive : rank -> tag -> communicator -> ’a

�óJ%*¤â�� � �	�B¶�·¥» | �?���B¶�·²ô z ”Hello World”
Kó� \ &�õ�ö *óÛW� �Ú ��ë

(* mpi_test1.ml *)

open Mpi

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send "Hello,World" 1 0 comm_world;

if myrank=1 then print_endline (receive 0 0 comm_world)
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� �
ocamlc -I +ocamlmpi mpi.cma mpi_test1.ml -o mpi_test1

mpirun -np 3 mpi_test1

Hello,World
� �

�?J�*	÷ iy� syK�ø�ù%N�þ �@\ó<'úºû z <)��ë-ü�ý ��5 �¤¬�� K�ù�| � K�þ \u 1 OCaml
þ'ÿ�u��²s ����z�| Ê!��ë

/* mpi_test1.c */

#include <stdio.h>

#include <string.h>

#include <mpi.h>

int main(int argc, char **argv){

int myid, numprocs;

MPI_Status status;

char msg[20];

MPI_Init(&argc,&argv);

MPI_Comm_rank(MPI_COMM_WORLD, &myid);

MPI_Comm_size(MPI_COMM_WORLD, &numprocs);

if(myid == 0){

strcpy(msg, "Hello,World");

MPI_Send(msg, 20, MPI_CHAR, 1, 0, MPI_COMM_WORLD);

}

else if (myid == 1){

MPI_Recv(msg, 20, MPI_CHAR, 0, 0, MPI_COMM_WORLD, &status);

printf("%s\n", msg);

fflush(stdout);

}

MPI_Finalize();

return 0;

}

� �
mpicc mpi_test1.c -o mpi_test1c

mpirun -np 3 mpi_test1c

Hello,World
� ��@i rA���W\ z � þ send

K�� \#�-ý�× | < «�� ì�� u��Æs 1�n0o!n
	�Û q �� K	�?� ×#j 5 +
� m < 5 	 z <���ëL  1 receive ×�����	��>*óÇ ð�u 1~=�� | � Ûñ�2J�� µ  	 | 1�����	�Ý	��	U�ë@Ý � �  	 | ×�����Ç ð � K ×�<�� � 5
� ª È receive 	�� i Ý0� K! �" 	# E�Y0*%$ ä�� �&�(' K µ ×;1�)+* z-, ýt�lJ�'�	 � u�. ë¥��Jt�/	-U�ë@Ý u�"0 z21 ì ��3 � K µ z × receive status
K �¥\�� � u 64'�ë6587%9 ð ë
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(* mpi_test2.ml *)

open Mpi

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send "Hello,World" 1 0 comm_world;

if myrank=1 then

begin

let a,b,c = receive_status 0 0 comm_world in

Printf.printf "rank:%d,tag:%d,%s\n" b c a

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test2.ml -o mpi_test2

mpirun -np 3 mpi_test2

rank:0,tag:0,Hello,World
� �: 	@�(; z�< ë�Ý � Ê i&= s?> w�@ uBA ��	�°�ë]±C	2���
	�Ý	�
	 < ë�Ý = 	| 7 , ýt�D@E'#ëA�/@�× any tag,any source F%�G;áà�ß = Ý	�EF #(H�I 7�âÜ�-��('�F µ z à z�J ì � ë any tag F any source ×)÷�KMLE	  t¡~¢ zMN '��O; z�N�QPE'!Ý��OF6RYë:· z
SAï%T	ð '�ë&U4V z 5W7%9 ð ë
(* mpi_test3.ml *)

open Mpi

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then

begin

send "Data1" 2 0 comm_world;

send "Data2" 2 1 comm_world;

end;

if myrank=1 then

begin

send "Data3" 2 2 comm_world;

send "Data4" 2 3 comm_world;

end;

if myrank=2 then

begin

print_endline (receive any_source any_tag comm_world);

print_endline (receive any_source any_tag comm_world);

let a,b,c = receive_status any_source any_tag comm_world and

d,e,f = receive_status any_source any_tag comm_world in

Printf.printf "rank:%d, tag:%d, %s\n" b c a;

Printf.printf "rank:%d, tag:%d, %s\n" e f d;

end
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� �
ocamlc -I +ocamlmpi mpi.cma mpi_test3.ml -o mpi_test3

mpirun -np 3 mpi_test3

Data1

Data2

rank:1, tag:2, Data3

rank:1, tag:3, Data4
� �
��	%�(; z any source,any tag 7�â>� 32XZY i\[ >M M" #(H�I FyÝ�� u�] ß iµ 'yë send ×;j [�^ � m4= Û q � �Ii N �%PW' < ëWÝ47#Û_'W�EF u�`�a ' u�>

ocamlmpi
z × int,float,int array,float array ìO	'à!ß = Û&b q � � u ì��dc2@Z��('�ë¥�e@���× send,recive 7�âf;;� «g�Mh i N 'BëiF-'e�W×�ãj	 pÀ« ë

val send_int : int -> rank -> tag -> communicator -> unit

val receive_int : rank -> tag -> communicator -> int

val send_float : float -> rank -> tag -> communicator -> unit

val receive_float : rank -> tag -> communicator -> float

val send_int_array : int array -> rank -> tag ->

communicator -> unit

val receive_int_array : int array -> rank -> tag ->

communicator -> unit

val send_float_array : float array -> rank -> tag ->

communicator -> unit

val receive_falot_array : float_array -> rank -> tag ->

communicator -> unitk � � ��l � �&	�×�m ö 7nbIÊ Å 'EF µ ×�bIÊ-o�ì(	�m ö 7#ì
� ð 'ep�q u4N'@�+F � ëA�e@t�e	!� � 7�Ù � � Ú '�ë
(* mpi_test4.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send_int 1 1 0 comm_world;

if myrank=1 then printf "int: %d\n" (receive_int 0 0 comm_world);

if myrank=0 then send_float 1.2 1 1 comm_world;

if myrank=1 then printf "float: %f\n" (receive_float 0 1 comm_world);

if myrank=0 then send_int_array [|1;2;3|] 1 2 comm_world;

if myrank=1 then

begin

let a = Array.make 3 0 in

receive_int_array a 0 2 comm_world;
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Array.iteri (fun x y -> printf "int_array[%d]: %d\n" x y) a;

end;

if myrank=0 then send_float_array [|1.2;3.1;4.5|] 1 3 comm_world;

if myrank=1 then

begin

let a = Array.make 3 0.0 in

receive_float_array a 0 3 comm_world;

Array.iteri (fun x y -> printf "float_array[%d]: %f\n" x y) a;

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test4.ml -o mpi_test4

mpirun -np 3 mpi_test4

int: 1

float: 1.200000

int_array[0]: 1

int_array[1]: 2

int_array[2]: 3

float_array[0]: 1.200000

float_array[1]: 3.100000

float_array[2]: 4.500000
� �
n0o0n p!q 	'j � F � � send
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val send : ’a -> rank -> tag -> communicator -> unit

val receive : rank -> tag -> communicator -> ’ai N 'Bë ’a F/�_;e	!×-���W	-�87 Å @E'jFe�_;z�j{ = 	 i > �#� send,receive× send int,send int array
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(* mpi_test5.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send 1 1 0 comm_world;

if myrank=1 then printf "int: %d\n" (receive 0 0 comm_world);

if myrank=0 then send 1.2 1 1 comm_world;

if myrank=1 then printf "float: %f\n" (receive 0 1 comm_world);

if myrank=0 then send [|1;2;3|] 1 2 comm_world;

if myrank=1 then

begin
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let a = receive 0 2 comm_world in

Array.iteri (fun x y -> printf "int_array[%d]: %d\n" x y) a;

end;

if myrank=0 then send [|1.2;3.1;4.5|] 1 3 comm_world;

if myrank=1 then

begin

let a = receive 0 3 comm_world in

Array.iteri (fun x y -> printf "float_array[%d]: %f\n" x y) a;

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test5.ml -o mpi_test5

mpirun -np 3 mpi_test5

int: 1

float: 1.200000

int_array[0]: 1

int_array[1]: 2

int_array[2]: 3

float_array[0]: 1.200000

float_array[1]: 3.100000

float_array[2]: 4.500000
� �3 � > ��	+tMt � F receive

i b�Ê Å '/� u int array
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(* mpi_test6.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send 1 1 0 comm_world;

if myrank=1 then printf "int: %d\n" (receive 0 0 comm_world);

if myrank=0 then send 1.2 1 1 comm_world;

if myrank=1 then printf "float: %f\n" (receive 0 1 comm_world);

if myrank=0 then send [|1;2;3|] 1 2 comm_world;

if myrank=1 then

begin

let a : int array = receive 0 2 comm_world in

Array.iteri (fun x y -> printf "int_array[%d]: %d\n" x y) a;

end;

if myrank=0 then send [|1.2;3.1;4.5|] 1 3 comm_world;

if myrank=1 then

begin

let a : float array = receive 0 3 comm_world in
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Array.iteri (fun x y -> printf "float_array[%d]: %f\n" x y) a;

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test6.ml -o mpi_test6

mpirun -np 3 mpi_test6

int: 1

float: 1.200000

int_array[0]: 1

int_array[1]: 2

int_array[2]: 3

float_array[0]: 1.200000

float_array[1]: 3.100000

float_array[2]: 4.500000
� �{ t « : 	@�O; z�� � > � � 7n�Z� ð '�F µ z ��	-�M�W7 | Ê���y s ë>��; ð'
F6ROë:· u
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(* mpi_test7.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send [1;2;3] 1 0 comm_world;

if myrank=1 then

begin

let a : int list = receive 0 0 comm_world in

List.iter (fun a -> printf "List data: %d\n" a) a;

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test7.ml -o mpi_test7

mpirun -np 3 mpi_test7

List data: 1

List data: 2

List data: 3
� �
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(* mpi_test8.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send (1.2,"test",3) 1 0 comm_world;

if myrank=1 then

begin

let a : float * string * int = receive 0 0 comm_world in

let b,c,d = a in

printf "tuple data: %f, %s , %d\n" b c d

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test8.ml -o mpi_test8

mpirun -np 3 mpi_test8

tuple data: 1.200000, test , 3
� �
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(* mpi_test9.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

type complex = {re:float; im:float}

let _ =

if myrank=0 then send {re=1.2;im=3.2} 1 0 comm_world;

if myrank=1 then

begin

let a : complex = receive 0 0 comm_world in

printf "complex: %f, %f\n" a.re a.im

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test9.ml -o mpi_test9

mpirun -np 3 mpi_test9

complex: 1.200000, 3.200000
� �
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(* mpi_test10.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

type var1 = Positive | Negative

type var2 = Data1 of int * int * int | Data2 of float * float * float

let _ =

if myrank=0 then send Negative 1 0 comm_world;

if myrank=1 then

if Positive = (receive 0 0 comm_world)

then printf "data is positive\n"

else printf "data is negative\n";

if myrank=0 then send (Data1(1,2,3)) 1 1 comm_world;

if myrank=1 then

let a : var2 = receive 0 1 comm_world in

match a with

| Data1(x,y,z) -> printf "Data1:%d,%d,%d\n" x y z

| Data2(x,y,z) -> printf "Data2:%f,%f,%f\n" x y z

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test10.ml -o mpi_test10

mpirun -np 3 mpi_test10

data is negative

Data1:1,2,3
� �
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(* mpi_test11.ml *)

open Mpi

open Printf

class point(x_init,y_init) =

object

val mutable x = x_init;

val mutable y = y_init;

method get_x = x;

method get_y = y;

method incr_x = x <- x+1;
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method incr_y = y <- y+1;

end

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send (new point (2,4)) 1 0 comm_world;

if myrank=1 then

begin

let a : point = receive 0 0 comm_world in

printf "object x:%d,y:%d\n" a#get_x a#get_y;

a#incr_x; a#incr_x; a#incr_y;

printf "object x:%d,y:%d\n" a#get_x a#get_y;

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test11.ml -o mpi_test11

mpirun -np 3 mpi_test11

object x:2,y:4

object x:4,y:5
� �
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(* mpi_test12.ml *)

open Mpi

open Printf

class point(x_init,y_init) =

object

val mutable x = x_init;

val mutable y = y_init;

method get_x = x;

method get_y = y;

method incr_x = x <- x+1;

method incr_y = y <- y+1;

end

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then

begin

let a = new point(2,4) and b = new point(3,1)

and c = new point(5,7) in

send [a;b;c] 1 0 comm_world;
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end;

if myrank=1 then

begin

let a : point list = receive 0 0 comm_world in

List.iter (fun o ->

printf "List data: %d %d\n" o#get_x o#get_y) a;

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test12.ml -o mpi_test12

mpirun -np 3 mpi_test12

List data: 2 4

List data: 3 1

List data: 5 7
� �
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(* mpi_test13.ml *)

open Mpi

open Printf

let size = comm_size comm_world

let myrank = comm_rank comm_world

let _ =

if myrank=0 then send (fun a b -> a + b) 1 0 comm_world;

if myrank=1 then

begin

let f : int->int->int = receive 0 0 comm_world in

printf "function result: %d\n" (f 2 3)

end

� �
ocamlc -I +ocamlmpi mpi.cma mpi_test13.ml -o mpi_test13

mpirun -np 3 mpi_test13

function result: 5
� �
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