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Hardware-task partitioning algorithm merged area 
estimation with multi-objective optimization 
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2.College of Computer and Information Engineering, Anhui Polytechnic University, Wuhu 241000, China) 

Abstract: In order to minimize the number of configuration (i.e. the number of partitioned modules) issue in reconfigur-

able computing systems, a hardware-task partitioning algorithm merged area estimation with multi-objective optimization 

was presented. It could estimate the area of hardware resource in each partitioning. Also, the detection function 

prior_assigned() was constructed with the guideline of making good use of reconfigurable resources, the execution delay 

sum of all partitioning modules of a data flow graph, and number of edges between modules, etc. The detection function 

could calculate priority values of nodes. The proposed algorithm could adjust dynamically the scheduling order of the 

ready list task-nodes by the priority values. Experimental results show that the proposed algorithm can get less modules 

than that of level-based partitioning, cluster based partitioning, enhanced static list, multi-objective temporal partitioning 

and level sensitive cluster based partitioning algorithms, and it can also obtain the least average execution delay with in-

crease of the area of reconfigurable processing unit except level-based partitioning. 

Key words: reconfigurable computing; temporal partitioning; minimum number of modules; resource restraint; detection 

function; multi-objective optimization 
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[1~4]
;����	����1

2���uv	d����" ��12�a��

��12���uvz�45���������

�d���	�I��(DFG, data flow graph)�f�

����� �!<[\¡¢(RCA, reconfigur-

able cell array).£P�w���¤¥12���

uv	£PC¦�§� RCA	¨©ª«�¬~+

QR�!<ex�®N12	5�uv¬M	

¨©�D5��¯�°	¨©��±²³NO�

�P��������	´��fµ�~¶c·t

¸¹-�!<º»[\(RPU, reconfigurable proc-

essing unit)�¼(��[5~8]
	½¾¿-À¢��Á�

¶c/0)12���uv��	ÂÃ��+

RPU.£P�-; 

2  ���� 

Äx	 DFG �|��2ÅHIÆÇ	ÈÉÊ

Ë��Ì�ÍÎÏÐ�|��BPÍÐ�|�� 2

Ñ2Å;ÎÏÐ�|��2ÅÒO	�ÆÇ;ÓD

ÎÔ�	ÎÏÐ�|��2Å�ÆÇ9ÕÍ=Ö

ÎÔ��×�ÏØÍÙÚBÛÜ�¬Ýt	Þß

��ÙÚBÛÜ�`a	bc¬Ýt	à��~á

ÙÚBÛÜ�	âã¬Ýt	âã� 3Ö�ä¬<

t	å\Ý;*=Ö12���uvæ�ç	d�

���~" DFG ÏØ��èÖÞßÏØ=Öé

êëìæí2ëî�Ow'	�¬�P	�|��

ïðñÍPÍÐ�|��; 

òóôõPÍÐ�|��FÅ;óö[9]÷Ë¶

cøù âú�!<123ex	5�uv��

ûü�f�� 2Özý	[þ��|��2Å�

�Ê��(LBP, level based partitioning)B���

(CBP, cluster based partitioning)�LBP2Å+�=5

�âã��Ó�.�O12uvÞß�P�Ê�

�;	ß�
��}��	fP-��þ	�
�

�}=Öuv DFG 	¬ª��£P���B	

��(��ß=���a	ïUtò��(Ï�Í

=Öuv DFG ��a	��� I/O à��&)�

��K�HI%�����QR¿�±�¢ÏÀ

¢�Á��� ��5��$�å� ! 0Ê	"

#êÍ!=Ö���w'$ª��%&uv DFG

£P��	'�;CBP2Å
�(��)�*e+

�	éê, =Ö����þ	�-�}��

� DFGa	����� I/Oà�;�ß=�uv

DFG 	èÖ��YZ12uvÞß	fP-�

����K�HI%�����QR¿�±�¢Ï

À¢�å� ! 0Ê	"#êÍ!=Ö��K.

ä»�»ÙL LBP2Å; 

�ÊË/0	��(LSCBP, level sensitive cluster 

based partitioning)2ÅOCBP2Å�P W�[10]
��

� 5�¨©	1"¦�C�23�§�42Å�

ß=���a	à�5������®=Ö��

aí2Þß	"�à�6� 1��¶c�%�à

��Px1�w'$��7Ì4í2Á�8&ËÜ

9�å� ! 0Ê	"#(Í!=Ö��K.ä

»�»ÙL LBP2Å; 

ÓD�ÎÔ	&Çuv��(NFMP, network 

flow−based multiway−task partitioning)2Å�:;�

�aà���(	[þ��|��2Å�NFMP

2Å÷<í" =��=�>»ù12�}?�

�uv DFG �P	=�>�@���[11]
���+

AÓ�.�ï���B�<C��-	<DEB=

FÇG�^?ä��}��aïUtò	��

((Ï�Í=Öuv DFG ��a	��� I/O à

��H)�C��3;§�42Å�ß=�+�=5

�¨©âã��r�O?��uv DFG ¬M	�

���IJKK���LªIJèÖ��Yí

2uvÞß	fP-;  

�ª	ý�&þ��|��2ÅMNª&þ

��|��(MOTP, multi objective temporal parti-

tioning)[12]
�'N	OR¢Ï(ESL, enhanced static 

list)[13]
�; 

MOTP2Å
�(��)IJ������

Yí2Þß	fP-B��a	ïU��3ÖP�

��Puv DFG 	�|��;	ß��} ��	

���;�ß=�+èË����Lª�P5�¨

©âã	Q2�����5��$���x1��

a"�à	��K.ä»�»ÙL LSCBP2Å; 

ESL 2ÅIJ uv DFG `a	ïURS

B�d�ÇG�P�;�KK�OfPTUIJ

K¯�µLªIJuv DFG ������	5

��$ûü; 

òó+VäIJ =Ö12uv DFG ��

�=�(�¬ª��£P���B�¬ª��

`a	 I/Oà�	��(� 3ÖFâ	TU���
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 =>?äâãQ2B&þ�	((AEMO, area 

estimation with multi−objective optimization)	5�

uv��2Å; 

3  ��	
 

òó	ôõª 3 Ö´�W�[14]
X1) ?��	

uvÙ DFG ÏØ�=Ö12���uvyzYZ

Í=Ö DFG�2) ����D RPU 	 RCA !

[&"	Ë��u=��\����·]¶c��

 = RCA.^�fµ=Ö��OJ= RCA�

�� 1¬Ø�3) ��2Å_IJ5�%�	12�

��*KIJ_b��; 

�� 1[14]  =Ö12uvæ�ç	 DFG �=

Öªú`����~ÏØÍ G=(V, E, W, D)�aß

� V= {vi|vi�ªçí2ë�1bibn}�|V|=nÏØí

2ë	Ö��à� E={eij|eij=<vi�vj>�1bi�jbn}�

eijÏØ) vi  vj	ªúà�vi� vj	¶c´cÞß�

vj� vi	¶c�dÞß��ÏØ viB vj 2Öí2

ë	<�efde�vj	£PefD vi�|E|=mÍà

	���g� W={wi|ÏØ vi¬�	5�¨©âã�

1bibn}�DRÏ����dihDRÏ! iÖí2Þ

ß	£P��; 

=i*j�RPU 	 RCA 	âãÍ=Ö9k

ìÏØÍ ARPUî�ul=Öuv DFG,m8nZ�

�.^�w±MNO��P��; 

�� 2  =Ö DFG	��ûü�~op�r; 

"#XG=(V, E, W, D)�ARPU; 

"�XG	=Ö�� P={P1, P2, q, PM}; 

��W�X1)
1

M

i
i

P Φ
=

=
I

�2) 
1

M

i
i

P
=
U

=V�3)∀Pi∈P�

1bibM�
1

n

j
i

w
=
∑

bARPU�wjÍ�� PiÞß j	g

k�4)P ¬ª��`aKÜ+�Åefde�

5)RPUrs�¼tº»; 

þ�X1) ���	=�(�2) ¬ª��

£P���B	��(�3) (��uH��a

I/Oà�; 

�� 3  v=Öuv DFGÜ+=Ö�����

`awx��ayç£P�×	¬ª��`a

�ª=Ö�� �Åefde�z4��±ñÍK

ä»	��; 

i v�=Ö12uvæ�ç	 DFG	ªçí

2ë	u=Öí2Þß�z v 8�#=Ö��

	´�� v 	¬ª	´cÞß\yz8�S 

^J	��;=Öä»	��N;��`

a\K���Åefde;T DFG�=Öªú`

�����=ÖÞß	´cÞß8�S ��d

��±%{��Åefde�É;� 2 |�

 w>��	=Ö}B�Í ~(ûüop��

i=Öuvæ�ç	 DFG �ÖÞß	gk^

L�w'�òó�~�âã	[:�SDÞß	

Ö�;v ARPU=2��} P1�P2�P3 3Ö���i

P3��=�£P�§���� P1B P2	£P

Ëç�) P1→P2�T P1��í2Þß v4´c

v2:D P2���¬~�� P1B P2`a�� 

�Åefde; 
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4  AEMO �� 

4.1  AEMO ���� 

i?��DFG	í2ëÞß¢Ï queuelist={v1, 

v2, v3,q, vn}�)¢ÏÀ¢Þß����	<Ð�	

í2Þß<t8	±�¢Ï readylist={v1′, v2′, 

v3′,q,vn′}�èË���eË) readylist��Þß;

AEMO2Å�"~r 5Ö����Puv��; 

�� 1  �!<��âã����Q2B�g

k¿-��L��P��}=�	���; 

râ|� 2>%�F�; 

1) 	
 1  +=Ö ARPU	��r��"	��

�)±�À¢(Ù#-Í 0 	ßÝt)��í2Þ

ßgk=�(òó�9Þß	gk���z4ß	<

Ð±��)	ßêÍ�ß���-	<DE(DFS, 

depth first search)�P�����} =Öä»�

��f125��$âã area1=ARPU−area_filled1 

(� area_filled1 ÏØ¬ª�#®´Þß	âã

�¤B)����~L'	�ß��-	<DE

(BFS, breadth first search)�P�����} =Ö

ä»���f125��$âã area2=ARPU−area_ 

filled2�� area1B area2�P������� area1

��zòË��� DFS FG�P��z� BFS F

G�P�§�w'$��ª=Ö���v area1= 

area2�µ DFSB BFS=� K�KN;	Þß±

���zw'%7Ì��FG	K��; 

� 1  �i2�Ï�G��k� 2>l�X�

l�BFl��� ¡	yçä»�z=Ö2�Ï�

G�ÏØÍXy=[[[(a×b×k−(g+h))+(c×d×l−m)]%[((a× 

b)+(e×f+(i+j)))+n]+o]+[[[(a×b+k−(g+h))+(c×d×l−m)]+[(

(a×b)+(e×f+(i+j)))+n]+p]×[[[(a×b×k−(g+h))+(c×d×l−m)

]%[((a×b)+(e×f+(i+j)))+n]]+[[(a×b+k−(g+h))+(c×d×l−m

)]+[((a×b)+(e×f+(i+j)))+n]]]]]+[[[(a×b+k−(g+h))+(c×d×l

−m)]+[((a×b)+(e×f+(i+j)))+n]+p]+[[[(a×b×k−(g+h))+(c×

d×l−m)]%[((a×b)+(e×f+(i+j)))+n]]+[[(a×b+k−(g+h))+(c

×d×l−m)]+[((a×b)+(e×f+(i+j)))+n]]]−q]�42�Ï�G

	 DFG �� 3(a)¬Ø��ÊËÍ 9���"#àª

17 W���"�àª 1 W����"#"�à�Í

29W�ª 23Öí2uvÞß���ä V={vi1bib

23}���´P=Φ����P={P1,P2,q,PM}�iARPU=65�

z� DFS (P1={v1�v6}��� 3(b)¬Ø )æ¢ BFS 

(P1={v1,v2}��� 3(c)¬Ø)�P����}	5��$

\Í area1= area2=65−54=11�£� v3�v4\ª�#	

���§�¤K��#;ÍA{#! 2>F�; 

2) 	
 2  +=Ö ARPU	��r�)±�À¢

�gk��	<Ð=�	ßêÍ�ß�� DFS�

P���è��=Ë�±¥84ß�dÞß	#-�

��#-Í 0±¶c��#���#-KÍ 0�I¦

4ß	�§Lª�#®´	´c���#���

��z=f��#�¶ LªÞß�~¨#

area_filled1Í��w'±�} =Ö DFS	ä»�

��12 area1=ARPU−area_filled1�v area1<value 

(value Í=i9	©k��ªnÍ(0�10]�òói

Í 10)�zòË��� DFS �P���12Lª�

#±�ß	«¬�k��� ARPUBgk��®¯

�#�~�#	ß(°±	%�±Þ²�â	}B³

�)��z� BFS�PgkÊ®¯����&�ÖÞ

ß	�d#-¥8Í 0�́ K¶c�#®´;w'

$	þ	�(��µ¶èË��\�=�(1"

ARPU�L�'�=Ö��Y	í2Þß	fP-; 

Ù.�·��� 1¸!DN;èË��(��

¨�è= RCA�)*&uv DFG�	���

� =��*µ� BFS�Pgk®¯����IJ

 ��Yí2Þß	fP-; 

�� 2  £P���	<(EDTLF, execution 

delay time long first)B�!<í2¡¢âã	¹�

1"^?ä; 

®ª&ÖÞßºD±�]R��í"º(��»¼

�z�+µ¶ DFG ��ä»��	´�r�	<�

½£P���B�"5�âã�	í2Þß;+��

^L	´�r��"5�âã��	uv�	<�*

+�"5�âã='	´�r�����	uv�	

<;+� ®´ßK��#®´��¾NQRI¦

4ß`�¾ª`�~�#®´	ß��ª��®¯

�#�w'$	þ	�	<0J£P���Þß	L

��¿¹�1" �!<í2¡¢âã; 

Ù.�·��� 2¸!DL�IJ 5��$

1"�5���	ÀÁ��£P���Þß		<

0J�TU��þ	�-L��}uv DFG ��

�B¬ª���	£P��	��(; 

�� 3  	<�½	<Ð�	ÞßB®´Êu

vÞß; 

+�K¨©âãB´�ef��	´�r�	

<�½	<Ð�	®´ÊuvÞß�®´Ê	r=

ÊÞßÂ��½�+ 2ÖuvÞß	<Ð^L	�

�r�	<�½®´Ê±�	Þß�vKÜ+w' 
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	ß�z�<�<Ãv(FIFO, first in first out)�z£

P�ODL�±�	uvÞß�z�½	<Ð�	

uvÞß; 

Ù.�·��� 3 ¸!DIJuv DFG ��

Yí2Þß	fP-; 

�� 4  (�uH��`a	 I/Oà�; 

%��� 4	FÅªX1)èË��÷<� DFS

	FG�½®´	<Ð=�	ÞßêÍ��ß�

#®´�L�¥84ß¶c�d	#-���d

	#-Í 0�+�K ARPU	´�r�¶c��#®

´���d	#-KÍ 0�¾NI¦4ßLª�

#®´	´c���#�����z=f��#�

2)è�#=Öß�±QR12Ä+��	�Å±

�Þß`a	à��à���±³�4±�ÞßÅ

®´��*e�+��(�����#�ªhD

uH��`a	 I/Oà�; 

Ù.�·��� 4+�� 1~�� 3	Ó�.�

¸!DuH��`a I/Oà�; 

�� 5  �§FâTU	IJ; 

1) ÊË�	<Ð�	ÞßJ	<0J 

ODKLÊ	uvÞßNIJ�Ê��w'$

	þ	=Fâ�+L�W�r�Þß	Ê����

	<�Æ=Fâ�Í ÇÈ	<Ð�µÊË��u

vÞß8	<0J�~É(����èÖ��Y

Zí2uvÞß`a	fP-; 

2) 	<�#�-��	í2Þß 

L�W�r�	<�#�-��	í2Þß�

þ	�DEªn	Ê�(&¥&	ÞßtÍ±�

ß�)*ª��&èË��}~�=Ë	(; 

3) Ì���aí2uvÞß�Åefde

	�� 

uv DFG 	�|��N;#-Í 0 	ßæ¢

�ß	¬ª´cyz8�#®´æ.=�Í

��#4ß�wJ+�ç"W�ÎÏ¤~���

w'$	þ	�Ì���a�Åefde	�

�ì�� 2¬Øî; 

Ù.�·��� 5	 1)¸!DIJuv DFG

��Yí2Þß	fP-��� 5	 2)¸!D

	(èË����� 5	 3)¸!DÌ�uv DFG

èÖ��`a���Åef; 

HI~.���AEMOÍ±�¢Ï	uv<

C 8	«¬�(òó�9�k��	<Ð�

�)�fµHIKLÐ�P�	Ñö��*��iÍ

�Òæ�B; 

Í ÉD%Ó���òó"!<5�¨©âã

êÍ��W���Ñí2¬�	!<5�¨©�([

:XCLB)	�9ÐÇ XC4000Ee¢ 8bit FPGA(�

Ï 1¬Ø); 

� 1 �������	
���  

6 7� 89(:;�8<=�) >?'(@A(:;:CLB) 

B+ 1 5 

C+ 2 27 

D� 4 50 

E+ 1 13 

FGHI 1 17 

JK 1 5 

FGLM 1 5 

 
«¬�<C	ÓòÔ-�r; 

÷<�ÙÏ 1�·�í2uvÞß£P����

�¬�	5�¨©�´���ÕÍ µ¶�	<0

J�J�"! iÖí2Þß vi¬�	5�¨©âã

wiB�£P�� di	�¤BêÍ«¬�	�Ò	

=Z�(1bibn); 

�Ë�+uv DFG 	�����Í (�

�)�#ÅÄ+���+�*e	±�Þß�M

NQR12®´Ä+��	�Å±�Þß`a

ªúà	����þ	�(��)uH��a�

�� I/Oà�; 

� 2  � 4(a)|� =ÖÄ+��	Z�

DFG��i v1B v2ßyz8�#  P1(�� 4(b)

¬Ø);�I¦±�Þß v3B v4�i v3B v4í2Ñ

�^Lµ:DL=Ê�+ ARPU 	��r�P1 ¾�

~�# v3æ v4ß=Ö�P1Å v3	à�Í 1�Å

v4	à�Í 2�P1�# v3	�·�� 4(c)¬Ø�P1

�# v4	�·�� 4(d)¬Ø�§�� 4(d)	F�N

	D� 4(c)��T�� 4(c)	��aà�Í 3�

*� 4(d)	��aà�ÖÍ 2; 

TA�èË+tQR�����®´Ä+��

	�Å±�Þß`aªúà	��(" s ÏØ)ê

Í«¬�	�Ò	=Z�; 

!å�+uv DFG	�����Í � ®

´ÊuvÞßBÊ��	Þß8	<0J���u

vÞßÊË�êÍ«¬��B	=Z�;§�w
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'$ª�%&ÊË�		<Ð�uvÞß}K á

�0J;� 5 ¬Ø	}B³��i v6Í¤Å�v666

Í×Å�v666		<ÐòJ�D v6�§ v666¬+	Ê

ËØ�D v6�L�±���Í µ¶ v666<£P�

~+uvÞßÊË�´â×~=ÖÙÄe���=

�k9Í 1/maxlevel�w'�~&ÊË�		<Ð�

Þß	<}~0J�)*����YZ	fP-; 

 
� 4  NOP QR��	�STUVWXYZ	[\ s	
� 

 
� 5  23%]^_`abIcWX%]de	
� 

=��+�Puv DFG �|�����?

�	±�¢ÏÞß	´c�8�#®´æyz

8�# .=Ö�� �¬~uvÞß8¿-�

�#-²³Í 0�w=ß�ªW�ÚÛÎÏ�%�;

§��-�	uvÞß8QR�#®´��%&

¥&	ßtÍ±�ß��½Þß	Üa'�ª��

	(��;� 6¬Ø}B³��v1B v2		<Ð^

L�v� FIFO<�# v1�z_�& v3tÍ±�ß�

§�Æm=>��	FÅ�<�# v2�w'�~&

v4~v9L�tÍ±�ß�)*��	(��;¬~�

~�uv DFG 	èÖÞß	�-i9Í«¬�

	�Bæ�Ò�L�Í �PQR¿��~i9=

ÙÄe�; 

 
� 6  23fgc	Xh%]��	
� 

w'�ODu=Öí2Þß vi��«¬�

prior_assigned(vi)�~i9Í�r 2>·G`= 

 prior_assigned(vi)=(α×level(vi)−  

 β×outdegree(vi))×(1/(wi+γ×s+di)) (1) 

 prior_assigned(vi)=(α×level(vi))× 

 (1/(wi+γ×s+di+β×outdegree(vi))) (2) 

��outdegree(vi)ÏØÞß vi 	�-�G(1) 

outdegree(vi)êÍ�BfN$uÅ�TÍ�Ò^L

	��r��B���k���prior_assigned(vi)

���	<�L»�G(2) outdegree(vi)êÍ�Ò

fN$¤Å�þ	�&�ÒX�;�	�§Ð�

³��rXmaxlevel ÏØ=Ö DFG 	=�Ê��

maxoutdegree=max{outdegree(vi), 1 b i b n} �

maxinputoutputside ÏØ=Ö DFG ���"#"�

à�`B�level(vi)ÏØÞß vi	ÊË��α�β B γ

Í¿�e��α�kªnÍ[0,1/maxlevel]�β�kª

nÍ[0, maxoutdegree]�γ �kªnÍ[0, maxinput-

outputside];prior_assigned(vi)	k��ÏØ vi		<

Ð����8�#�Ö��	���±��; 

Í Ó¶^d��2Å�<C =Ý��ÓÝ

�ç�;×ÞÙ 2 Z�<t�=�Ù LBP B CBP

2Å¬"	ÓÝkßà�MEDIAN��áâ��

� BTREE32�=ãäåæçXZ 8 Ëè DCT8

B 4×4é¡í2 MATRIX4�MOTP2Å¬"	Ó

Ý�êë�F� SODE�¥��I¤�2Å FEAL�

¥�äåæçXZ FDCT�¥�äåæçXZ 6Ë

è FDCT6�ì�à·ßà� EWF�ì�à·ß



� 2� ���������� !"#$%&	'()*�� + ,47, 

à� 6Ëè EWF6�Am¾'¤ ¥�í�îX

Z 4Ëè FFT4(fast Fourier transform 4)�¥�í

�îXZ 8Ëè FFT8(fast Fourier transform 8)2

ÖÓÝ�wïÓÝ	éê[\���Ï 2¬Ø;!

2 Z�ÓÝ�ç�" óö[14]¢�	µÅ ESL

B LSCBP¬"ÓÝðñ^L	 10Ö�3�;�ç

	è��ò� VC++6.0�íP�ò�Windows XP�

PC	º»�Í Intel(R) Core(TM) i3 CPU, M�Í

2.26GHz, YÜÍ 2GB; 

� 2 ������� 

ij:k\l 
�� 
?
 

m\ B+ E+ C+ D� 
FG 
HI 

JK LM 

SODE 11 2 2 6 n 1 n n 

FEAL 34 6 n n 4 n 20 4 

FFT4 12 4 4 4 n n n n 

FFT8 36 12 12 12 n n n n 

EWF 34 28 n 6 n n n n 

EWF6 204 168 n 36 n n n n 

FDCT 42 13 13 16 n n n n 

FDCT6 252 78 78 96 n n n n 

MATRIX4 112 48 n 64 n n n n 

DCT8 90 40 16 34 n n n n 

MEDIAN 19 n n n n 19 n n 

BTREE32 31 n n n n 31 n n 
 

�3��	 ARPU�óÍ 56 CLB�64CLB�75 

CLB�� α=1/maxlevel�β=γ=1�x1��a"�

à	�����a=Öí2Þß	"�à�6�

1�´_2=Wà�w'$	»Ù�ôõ��a

L=ÖÞß	í2Á�8&ËÜ9;i MÏØ=Ö

DFG	����SDÏØ=Ö DFG¬ª��£

P���B�NÏØ=Ö DFG¬ª��`a	�

�� I/Oà�; 

AEMO2Åop�� 7¬Ø; 

4.2  �������� 

AEMO 2Å+£P´�=Ö DFG �	í2

Þß��èÖí2Þß	£P���í2Ñ�B

�"	¨©��èÖÞß´cÅ�d	Ö�á¢

Ï\y·; 

i=Ö DFG ª n Öí2Þß�assign_level();

�èÖí2ÞßÊËá4 DFG	=�ÊË���a

[ö-Í O(n2)�èË��¬" 	±�uvÞß�

+#À�\Nï�«¬� priority_assigned()12

�	<Ð���a[ö-Í O(n2)�"¥�÷ç�

quicksort()OèË12�	«¬�k�)� � 

����  AEMO�� 
����	 DFG  
�
��	��� DFG��M�SD�N� 
���ARPU�DFG������������� !"#�$� value=10 
%&�'()*�M�+*� SD�,-.*� N 
1) Initializing: inputing data table by function Init(); the partitioning number vari-
able j=0, filling−area variable area_filled=0, the number of node accumulation 
variable n=0, the area of hardware fragments by DFS pre−partitioning area1=0, the 
partitioning mark by DFS flag1=0, the initialization of ARPU, Area_cost =0; area_ 
consumption=0; 
float a[nodenumber]={0.0}; /*nodenumber is the number of nodes in a DFG*/ 
2) Computing the level number each node of the DFG and the maximum level of 
the DFG by function assign_levels(); 
3) Computing the priority weight value for each node of the DFG by detecting 
function 
priority_assigned(int vi, int j); 
4) for i=1 to nodenumber 
  node[i].flag=0; 
  end for 
5) for i=1 to nodenumber  
node[i].priority=priority_assigned(i, j); 
a[i]=node[i].priority; 
  end for 
6) Sorting the priority weight value in ascending order by function quicksort(); 
7) while (n<nodenumber)  
8) for i=1 to nodenumber 
9)  for vi =1 to nodenumber 
10)  if (a[i]=node[vi].priority&& a[i]!=∞) 
11)   if (flag1=0) /* partitioned by DFS*/ 
           Area_cost =node[vi].size; 
12)           if (area_filled+Area_cost <=ARPU) 

node[vi].partition=j; area_ consumption +=node[vi].size; n++; node[vi].flag=1; 
node[vi].flag2=1;/* the temporarily mark of partitioning nodes*/ 
area_filled=area_filled+Area_cost; area1=ARPU−area_filled; 
Updating the indegree of successor nodes; 
13)               if ((the indegree of the current partitioned successor nodes 
k=0)&& 
(area_filled+Area_cost <=ARPU)) 
    node[k].partition=j; area_ consumption +=node[k].size; n++; 
node[k].flag=1; node[k].flag2=1;area_filled=area_filled+ Area_cost; 
area1=ARPU−area_filled; Updating the indegree of successor nodes;  
14)              else if ((the indegree of the current partitioned successor nodes 
k!=0) && 
 (area_filled+Area_cost<=ARPU)) 
15)                    for j=1 to node[k]. precursor_ number/* scanning the 
precursor node */ 
       l = node[k].precursor[j]; 
16)                     if (node[l].flag=0&&node[l].indegree=0) /*the pre-
cursor of current nodes can be partitioned*/ 
node[l].partition=j; area_ consumption +=node[l].size; n++; 
node[l].flag=1;node[l].flag2=1;area_filled=area_filled+Area_cost; 
area1=ARPU−area_filled; Updating the indegree of successor nodes; 
17)                       end if 
18)                    end for 
Computing the priority weight value each node of the DFG by detecting function 
priority_assigned(int vi, int j); Sorting the priority weight value 
in ascending order by function quicksort();/* goto 29*/ 
19)               end if 
20)            end if 
21)   else if (flag1=1) /* partitioned by BFS */ 
    Area_cost =node[vi].size;    
       
22)          if((area_filled+Area_cost)<=ARPU) 
node[vi].partition=j; n++; node[vi].flag=1; area_filled= area_filled+ totalcost; 
                 Updating the indegree of successor nodes; 
Computing the priority weight value each node of the DFG by detecting func-
tion;priority_assigned(int vi, int j); 
Sorting the priority weight value in ascending order by function quicksort(); 
         else partitioned greedy by BFS; /* goto 21*/ 
23)        end if 
24)     end if 
25)   end if 
26)  end if 
27) end for 
28) end for 
29) if ((area1>=10)&&( flag1=0)) 
   recovering the partitioned nodes to the former state; flag1=1; /* goto 21*/  
30) else if (area1<10) partitioned greedy by DFS; /* goto 11*/ 
31) end if 
32) if (i=nodenumber) 
      j++; Computing the priority weight value for each node of the DFG by 
detecting function; 
priority_assigned(int vi, int j); Sorting the priority weight value in ascending order 
by function quicksort(); area_filled=0; flag1=0; /*goto 11*/ 
33) end if 
M=j; 
34) end while 
35) Computing N and SD by function edges() and delays();  
36) end AEMO. 

� 7  AEMO + 
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÷ç��=3���a[ö-Í O(n)�=ø��

Í O(n2)�6\�a[ö-Í O(nlog2n)�"�

edges();=Ö���	DFGa�	� I/Oà��

�a[ö-Í O(n2)���=Ö DFG 8��Í M

�"¶cùú¿"�;=Ö���	 DFG¬ª

�£P���� delays()	�a[ö-Í

O(Mn); 

AEMO 2Å+O DFG �P����÷<Nû

 ®´	<Ð=�	?��Þß�ÕèË+��´

ï�«¬�12èÖ±�Þß	<Ð	kf÷

ç�û 	<Ð=�	?��Þß,#®´	��

�w�=Ö��üR	���¤.ÚÛ DFG 	

í2Þß��nZ8��s	���ýþ�	�a

[ö-Í O(n4log2n);V.�AEMO 2Å	6\�

a[ö-Í O(n4log2n); 

Í �� 2Ö«¬�		���AEMO2Å

�ó"G(1)BG(2)%���"�Ï 2¬Ø	��Ó

Ý�ç��P %Ó�Á��Ï 3 ¬Ø��

AEMO12Å�"	«¬��G(1);Ï 3�ó|

� ARPU=56�64 B 75 ���ÓÝ�ç�" 2 Ö

KL��2Å¬} 	��Á��OJDèÖP�

(M�N�SD)rèÖ��2ÅBW�	���(∆%)

¬¢�	 3¢Y�;~ SODEÍ}�® ARPU=56��

�" AEMO1 2Å¬�}	 M=5�*�" AEMO

2Å¬�}	 M=4�TA�∆%=−20.0%(�kÏØ

W�);ï�O��·�"G(2)¬�}	Á�ëä

òó	þ��� M N=�(�L��}=Ö��

SD�µ(��uH N;TA�òó	���ê\Ó

D�"G(2)«¬�	 AEMO2Å; 

4.3  ��������	
�	� 

ÒO� 3(a)2�Ï�G	 DFG���´Þßª

23 Ö�i ARPU=65�maxlevel=9�α=1/9�β=γ=1�

âã¨¹X� area_filled=0�5��$âãX�

area1= 0(� DFS)�value=10�� 8B� 9|� H

I AEMO2Åè=ÖË�	��B�; 

1) � 3(a)#-Í 0 	±�ÞßÍ v1~v5�w1= 

w2=w3=27�w4=w5 =5�d1=d2=2�d3= d4= d5=1�±�

Þß v1�v2�v3�v4�v5Å®´Ä+��	�ªúà

	��\Í 0�level(v1)= level(v2)= level(v3)= level(v4)= 

level(v5)= 1�outdegree(v1)=2�outdegree(v2)= outde-

gree(v3)= outdegree(v4)= outdegree(v5)=1�prior_ as-

signed(v1)= (α×level(v1))× (1/(w1+ γ×s+d1+ β× outde-

gree(v1))=((1/9)×1))×(1/(27+1×0+2+1×2))≈0.003 6�L

»�prior_assigned(v2)= prior_ assigned(v3) ≈0.003 7�

prior_assigned(v4) =prior_ assigned (v5) ≈ 0.015 9;ÙD

prior_assigned(v1)=��Õ~ v1êÍ�ß�P DFS®

¯���v18�# P1(�� 8(a)¬Ø)�z����æ

Þß�ä V={v2�v3�v4�v5�v6�v7�v8�v9�v10�v11�

v12�v13�v14�v15�v16�v17�v18�v19�v20�v21�v22�v23}�

P={P1}�P1={v1}�area_filled=27�area1= ARPU−area_ 

filled =65−27=38�v6	#-¥8Í 0�v11	#-¥

8Í 1;

� 3 ARPU=56�
��

�64�
��

�75 � AEMO1 � AEMO ����� 

M N SD 
�� 
�� AEMO1 AEMO ∆% AEMO1 AEMO ∆% AEMO1 AEMO ∆% 

SODE 5 4 4 4 4 4 −20 0 0 4 5 5 3 5 5 −25 0 0 13 11 10 13 11 10 0 0 0 

FEAL 7 6 6 7 6 5 0 0 −17 15 14 13 15 12 15 0 −14 15 29 25 27 28 28 26 −3 12 −4 

FFT4 4 3 3 4 3 3 0 0 0 6 7 7 4 7 7 −33 0 0 9 9 6 10 9 6 11 0 0 

FFT8 11 9 8 10 9 8 −9 0 0 20 23 21 26 24 20 30 4 −5 31 27 23 19 25 22 −39 −7 −4 

EWF 7 6 5 6 5 5 −14 −17 0 18 15 16 19 16 13 6 7 −19 30 25 25 26 25 21 −13 0 −16 

EWF6 38 29 25 35 29 25 −8 0 0 109 97 102 115 114 102 6 18 0 150 118 107 111 96 94 −26 −19 −12 

FDCT 13 12 10 13 12 10 0 0 0 26 25 20 30 26 24 15 4 20 26 28 30 30 31 29 −15 11 −3 

FDCT6 75 72 60 75 68 56 0 −6 −7 152 155 118 163 168 155 7 8 31 186 168 173 192 170 144 3 1 −17 

MATRIX4 37 33 32 37 33 32 0 0 0 76 48 36 75 48 36 −1 0 0 79 98 109 80 98 109 1 0 0 

DCT8 30 22 21 25 22 19 −17 0 −10 51 43 42 60 47 47 18 9 12 82 64 67 64 67 61 −22 5 −9 

MEDIAN 7 7 5 7 7 5 0 0 0 10 16 12 11 14 12 −10 −13 0 18 9 13 17 11 13 −6 −22 0 

BTREE32 11 11 8 11 11 8 0 0 0 10 29 16 10 28 16 0 −3 0 21 12 17 21 13 17 0 8 0 

�� ∆% � � � � � � −14 −12 −11 � � � � � � 1 2 9 � � � � � � −11 −1 −9 
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� 8  � 3(a)�� ! DFG��"#��$% 



�50� &  '  (  ) � 34* 

    

 
� 9  � 3(a)�� ! DFG�+,��$% 



� 2� ������	
���������������� �51� 

    2) ÙD v6Í v1	#-yz¥8Í 0 	�d�

+�K ARPU´�r�� DFS¶c��#(�� 8(b)

¬Ø)�����æÞß�ä V={v2�v3�v4�v5�v7�

v8�v9�v10�v11�v12�v13�v14�v15�v16�v17�v18�

v19�v20�v21�v22�v23}�P={P1}�P1={v1�v6}�

area_filled=54�area1=11�v9	#-¥8Í 1���

v9B�´c v4=f�#�z w9+w4=18>area1�ÙD

area1=11�D©k value�ÕòË� DFS��Kt

]� �#	Þß	
^�^dÞß	UV[�; 

3) ) v1è���gk�P BFSÊ®¯��;Ù

� 8(a)�·�±�ÞßÍ v2�v3�v4�v5�v6�ó12

�gkprior_assigned(v2)=prior_assigned(v3) ≈ 0.003 7�

prior_assigned(v4)=prior_assigned(v5)≈0.015 9�prior_ 

assigned (v6)=0.007 2�ÙD v2�v3 �ª^L		<

Ð�TA� FIFO �z<�# v2�����æÞß

�ä V={v3�v4�v5�v6�v7�v8�v9�v10�v11�v12�

v13�v14�v15�v16�v17�v18�v19�v20�v21�v22�v23}�

P={P1}�P1={v1�v2}�area_filled=54�area1=11�

�eË�Ê®¯�# v4�v5�area_filled=64�area1=1�

Þß¿-ç¢eËÍ v1�v2�v4�v5�z V={v3�v6�

v7�v8�v9�v10�v11�v12�v13�v14�v15�v16�v17�

v18�v19�v20�v21�v22�v23}�P={P1}�P1={v1�v2�

v4�v5}����·]�� 8¬Ø; 

4) Ù� 8(c)�·�±�ÞßÍ v3�v6�v7�v8�

�ó12�gk�prior_assigned (v3)	k��	<Ð

��+ ARPU��r�~ v3Í�ß�DFSeË�# v8�

v11�v13�TÍ area_filled=42�area1=65−42=23>value�

Õ~ v3Í�ß�gk�P BFSÊ®¯����� P2

Þß¿-ç¢eËÍ v3�v6�v8�v11�����æÞ

ß�ä V={v7�v9�v10�v12�v13�v14�v15�v16�v17�

v18�v19�v20�v21�v22�v23}�z P={P1�P2}�P1={v1�

v2�v4�v5}�P2={ v3�v6�v8�v11}�v7�v9�v13	#

-¥8Í 0;P2	��·]�� 9(a)¬Ø; 

5) L»�� DFS~	<Ð=� v7Í�ß�e

Ë�# v7�v10�TÍ v12	´c�~�#�Õ v9�

v12=f�#�* v12�v14K�L��#�Õ12 area1 

=ARPU−(w7+w10+w9+w12)=65−(27+13+13+5)=7<value�

¥8 v13�v14	#-Í 1�ÕòË��� DFS�P�

¥8±�ß	«¬�k��� v12�~®¯�#�

V.��� P3Þß¿-ç¢eËÍ v7�v10�v9�v12�

v13�����æÞß�ä V={v14�v15�v16�v17�v18�

v19�v20�v21�v22�v23}�z P={P1�P2�P3}�P1={v1�

v2�v4�v5}�P2={v3�v6�v8�v11}�P3={v7�v10�

v9�v12�v13}�v14�v15	#-¥8Í 0;P3	��

·]�� 9(b)¬Ø; 

6) L»�� DFS~	<Ð=� v14Í�ß��

Þß¿-ç¢eËÍ v14�v16�v15�v18�z P={P1� 

P2�P3�P4}�P1={ v1�v2�v4�v5}�P2={ v3�v6�

v8�v11}�P3={ v7�v10�v9�v12�v13}�P4={v14�v16�

v15�v18}�area_filled=65�area1=0(area1<10)�Õ�

DFS£P;MN³�	��+�� v18B v17��Ä

+��	�Å±�Þß`a	à� s� !N	

ê"�α=1/9�γ=β=1�level(v17)= level(v18)=6�±�

Þß v17�v18Å®´Ä+��	�ªúà	��

�óÍ 1B 2�outdegree(v17)= outdegree(v18)=2�w17= 

w18=5�d17= d18=1�prior_assigned(v17) =2/27≈0.074 1�

prior_assigned(v18) =1/15≈0.066 7�Õ�# v18�P4

	��·]�� 9(c)¬Ø���# v18Å�# v17

^���a	à�H =W; 

7) L»�� DFS ®¯��}  P5�� 10 ¬

Ø��Þß¿-ç¢eËÍ v17�v20�v22�v19�v21�

v23�z P={P1�P2�P3�P4�P5}�P1={v1�v2�v4�

v5}�P2={ v3�v6�v8�v11}�P3={ v7�v10�v9�v12�

v13}�P4={ v14�v15�v18�v16}�P5={ v17�v20�v22�

v19�v21�v23}�V={Φ}���Á�; 

5  ������ 

òó�" C Îj%� ESL�CBP�LSCBP�

MOTP�LBP�AEMO 6>�|��2Å�¬"	�

�ÓÝ�ç��x1��a"�à	��FG�

ARPU	 3>�k�Ð� α�β�γ	���\L 4.1Þ

¬p;CBPB LBP�LSCBP2Å	�1�\kl

! 0Ê"#	��;râ"AEMO2Å�óÅ LBP�

CBP�ELS�MOTP�LSCBP�2Å$ ��; 

5.1  AEMO ��� LBP ����� 

" AEMO2Å��� 3(a)	 DFG	Á���

10 ¬Ø(ARPU=65)�¬�}	Á�Í M=5�N=11�

SD=20�*" LBP 2Å��	Á��� 11 ¬Ø�

Á�Í M=7�N=13�SD=17; 

TÍ LBP2Å+�����=� K�K5

�¨©��	í2Þß±è�8	���fµ 

! 0Ê"#êÍ=Ö���wï7Ì M���

LBP2Å:;èÖ�� SD	��(�§�w�&

N��;AEMO2Å� LBP2Å	�ß�L�

O SD�P �IJ;�§��ÓÝO�%Ó	�

I�Ï 4¬Ø�^OD LBP2Å�AEMO2ÅO 
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� 10  AEMO��� 3(a)�-. 

 
� 11  LBP��� 3(a)�-. 

� 4 ARPU=56�
��

�64�
��

�75 � AEMO 	
� LBP 	
����� 

M N SD 
�� 
�� 

LBP AEMO ∆% LBP AEMO ∆% LBP AEMO ∆% 

SODE 6 5 5 4 4 4 −33 −20 −20 7 7 7 3 5 5 −57 −29 −29 10 8 8 13 11 10 30 38 25 

FEAL 9 8 7 7 6 5 −22 −25 −29 21 21 19 15 12 15 −29 −43 −37 24 22 23 28 28 26 17 27 30 

FFT4 5 4 4 4 3 3 −20 −25 −25 8 6 7 4 7 7 −50 −17 −14 6 8 6 10 9 6 67 13 33 

FFT8 12 11 10 10 9 8 −17 −18 −20 28 28 28 26 24 20 −7 −14 −29 18 18 15 19 25 22 6 39 47 

EWF 9 7 6 6 5 5 −33 −29 −17 24 20 15 19 16 13 −21 −20 −20 23 19 18 26 25 21 13 32 22 

EWF6 42 32 28 35 29 25 −17 −9 −11 172 174 166 115 114 102 −33 −35 −41 73 55 51 111 96 94 52 75 88 

FDCT 15 13 13 13 12 10 −13 −8 −23 34 33 33 30 26 24 −12 −21 −33 24 22 22 30 31 29 25 41 46 

FDCT6 79 74 66 75 68 56 −5 −8 −15 204 204 204 163 168 155 −20 −18 −27 129 127 115 192 170 144 49 34 35 

MATRIX4 38 37 36 37 33 32 −3 −11 −11 96 96 95 75 48 36 −22 −50 −62 70 68 68 80 98 109 14 44 60 

DCT8 27 25 23 25 22 19 −7 −12 −17 79 82 77 60 47 47 −24 −43 −33 47 42 41 64 67 61 36 60 29 

MEDIAN 8 8 6 7 7 5 −13 −13 −17 15 15 14 11 14 12 −27 7 −21 11 11 11 17 11 13 55 0 18 

BTREE32 12 12 9 11 11 8 −8 −8 −11 29 29 28 10 28 16 −66 −3 −43 12 12 9 21 13 17 75 8 89 

�� ∆% — — — — — — −16 −16 −18 — — — — — — −31 −24 −32 — — — — — — 37 37 44 

 
MB N\ª =9�-	W��§� SDK� LBP

2Å; 

5.2  AEMO ��� CBP ����� 

TÍ CBP 2Å(��)�*e+�	í2Þ

ß, =Ö��§OèÖ��Yí2Þß	

fP-IJKK�TA N ���SD ���M ��

	�TL LBP2Å;AEMO2ÅÅ CBP2Å��

	%Ó�I�Ï 5¬Ø; 



� 2� ������	
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5.3  AEMO ��� ESL ����� 

TÍ ESL 2ÅVäIJ ��a	ïUR

S�d�ÇG�TU����ÇG&�����-

	<DEFú�	�OfPTUIJK¯�*µ

LªIJuv DFG ������	5��$û

ü�TA�^OD AEMO 2Å�ESL 2Å�}�

�	 N�§� M�SD\��;AEMO2ÅÅ ESL

2Å��	%Ó�I�Ï 6¬Ø; 

5.4  AEMO ��� MOTP ����� 

TÍMOTP2Å�IJ M�SDB N� 3Ö

þ��TA�} ��M�§+èË����Lª�

P5�¨©âã	Q2�w±ª��%��5��

$�¬~^�DAEMO2Å�Mk5���;AEMO

2ÅÅMOTP2Å��	%Ó�I�Ï 7¬Ø; 

� 5 ARPU=56�
��

�64�
��

�75 � AEMO 	
� CBP 	
����� 

M N SD 
�� 
�� 

CBP AEMO ∆% CBP AEMO ∆% CBP AEMO ∆% 

SODE 5 5 5 4 4 4 −20 −20 −20 3 3 4 3 5 5 0 67 25 13 13 10 13 11 10 0 −15 0 

FEAL 8 8 7 7 6 5 −13 −25 −29 16 14 13 15 12 15 −6 −14 15 30 31 29 28 28 26 −7 −10 −10 

FFT4 5 5 4 4 3 3 −20 −40 −25 5 4 5 4 7 7 −20 75 40 11 13 10 10 9 6 −9 −31 −40 

FFT8 12 12 10 10 9 8 −17 −25 −20 20 18 17 26 24 20 30 33 18 33 40 30 19 25 22 −42 −38 −27 

EWF 8 7 6 6 5 5 −25 −29 −17 15 10 10 19 16 13 27 60 30 32 35 29 26 25 21 −19 −29 −28 

EWF6 38 32 28 35 29 25 −8 −9 −11 90 70 70 115 114 102 28 63 46 177 190 174 111 96 94 −37 −50 −46 

FDCT 15 13 12 13 12 10 −13 −8 −17 28 26 23 30 26 24 7 0 4 40 37 34 30 31 29 −25 −16 −15 

FDCT6 85 73 62 75 68 56 −12 −7 −10 160 158 138 163 168 155 2 6 12 235 213 199 192 170 144 −18 −20 −28 

MATRIX4 39 35 34 37 33 32 −5 −6 −6 63 47 51 75 48 36 19 2 29 89 102 108 80 98 109 −10 −4 1 

DCT8 30 23 23 25 22 19 −17 −4 −17 42 38 33 60 47 47 43 24 42 95 80 81 64 67 61 −33 −16 −25 

MEDIAN 8 8 6 7 7 5 −13 −13 −17 11 11 11 11 14 12 0 27 9 17 17 15 17 11 13 0 −35 −13 

BTREE32 12 12 9 11 11 8 −8 −8 −11 10 10 17 10 28 16 0 180 6 21 21 19 21 13 17 0 −38 −11 

�� ∆% — — — — — — −14 −16 −17 — — — — — — 14 48 23 — — — — — — −22 −25 −22 

� 6 ARPU=56�
��

�64�
��

�75 � AEMO 	
� ESL 	
����� 

M N SD 
�� 
�� 

ESL AEMO ∆% ESL AEMO ∆% ESL AEMO ∆% 

SODE 5 4 4 4 4 4 −20 0 0 5 5 5 3 5 5 −40 0 0 13 12 11 13 11 10 0 −8 −9 

FEAL 7 6 5 7 6 5 0 0 0 14 13 10 15 12 15 7 −8 50 32 30 30 28 28 26 −13 −7 −13 

FFT4 4 3 3 4 3 3 0 0 0 5 3 3 4 7 7 −20 133 133 10 13 12 10 9 6 0 −31 −50 

FFT8 12 10 8 10 9 8 −17 −10 0 20 20 15 26 24 20 30 20 33 34 38 38 19 25 22 −44 −34 −42 

EWF 6 6 5 6 5 5 0 −17 0 15 13 13 19 16 13 27 23 0 30 26 31 26 25 21 −13 −4 −32 

EWF6 36 31 25 35 29 25 −3 −7 0 78 88 76 115 114 102 47 30 34 177 158 148 111 96 94 −37 −39 −37 

FDCT 14 12 10 13 12 10 −7 0 0 26 26 25 30 26 24 15 0 −4 40 34 35 30 31 29 −25 −9 −17 

FDCT6 77 68 56 75 68 56 −3 0 0 161 158 142 163 168 155 1 6 9 219 194 187 192 170 144 −12 −12 −23 

MATRIX4 48 33 32 37 33 32 −23 0 0 61 51 46 75 48 36 23 −6 −22 128 104 106 80 98 109 −38 −6 2.8 

DCT8 27 23 20 25 22 19 −7 −4 −5 49 48 41 60 47 47 22 −2 15 84 76 73 64 67 61 −24 −12 −16 

MEDIAN 7 7 5 7 7 5 0 0 0 12 12 11 11 14 12 −8 17 9 16 16 15 17 11 13 6 −31 −13 

BTREE32 11 11 8 11 11 8 0 0 0 18 18 17 10 28 16 −44 56 −6 19 19 19 21 13 17 11 −32 −11 

�� ∆% — — — — — — −11 −9 −5 — — — — — — 5 27 25 — — — — — — −19 −19 −22 
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5.5  AEMO ��� LSCBP ����� 

LSCBP2Å�O CBP2Å	W��� u

v DFG������	5��$ûü�+:;

��a	à���(	L��~[IJ í2u

v	fP��C��3;§��LSCBP 2Å !

0Ê"#êÍ=Ö���µèË���Lª�P

5�¨©âã	Q2�TA7Ì M���SDIJ

5�KK�¬~^�D AEMO 2Å�M B SD \

��;AEMO2ÅÅ LSCBP2Å��	%Ó�I

�Ï 8¬Ø; 

� 7 ARPU=56�
��

�64�
��

�75 � AEMO 	
� MOTP 	
����� 

M N SD 
�� 
�� 

MOTP AEMO ∆% MOTP AEMO ∆% MOTP AEMO ∆% 

SODE 5 4 4 4 4 4 −20 0 0 7 5 5 3 5 5 −57 0 0 10 10 9 13 11 10 30 10 11 

FEAL 7 6 6 7 6 5 0 0 −17 14 14 12 15 12 15 7 −14 25 31 29 32 28 28 26 −10 −3 −19 

FFT4 4 4 3 4 3 3 0 −25 0 7 5 5 4 7 7 −43 40 40 9 11 11 10 9 6 11 −18 −46 

FFT8 11 10 8 10 9 8 −9 −10 0 26 26 21 26 24 20 0 −8 −5 23 27 23 19 25 22 −17 −7 −4 

EWF 7 6 5 6 5 5 −14 −17 0 17 15 14 19 16 13 12 7 −7 29 29 22 26 25 21 −10 −14 −5 

EWF6 35 29 25 35 29 25 0 0 0 105 101 87 115 114 102 10 13 17 134 129 124 111 96 94 −17 −26 −24 

FDCT 13 12 11 13 12 10 0 0 −9 29 28 24 30 26 24 3 −7 0 29 32 32 30 31 29 3 −3 −9 

FDCT6 75 68 59 75 68 56 0 0 −5 189 175 153 163 168 155 −14 −4 1 157 170 168 192 170 144 22 0 −14 

MATRIX4 38 33 32 37 33 32 −3 0 0 90 36 36 75 48 36 −17 33 0 77 97 97 80 98 109 4 1 12 

DCT8 26 23 20 25 22 19 −4 −4 −5 75 58 44 60 47 47 −20 −19 7 48 56 65 64 67 61 33 20 −6 

MEDIAN 7 7 5 7 7 5 0 0 0 16 16 12 11 14 12 −31 −13 0 12 12 14 17 11 13 42 −8 −7 

BTREE32 11 11 8 11 11 8 0 0 0 29 29 15 10 28 16 −66 −3 7 12 12 17 21 13 17 75 8 0 

�� ∆% — — — — — — −10 −14 −9 — — — — — — −20 2 11 — — — — — — 14 −4 −10 

� 8 ARPU=56�
��

�64�
��

�75 � AEMO 	
� LSCBP 	
����� 

M N SD 
�� 

�� LSCBP AEMO ∆% LSCBP AEMO ∆% LSCBP AEMO ∆% 

SODE 6 5 5 4 4 4 −33 −20 −20 7 5 4 3 5 5 −57 0 25 10 12 13 13 11 10 30 −8 −23 

FEAL 8 7 6 7 6 5 −13 −14 −17 15 11 13 15 12 15 0 9 15 30 29 26 28 28 26 −7 −3 0 

FFT4 5 5 4 4 3 3 −20 −40 −25 6 5 5 4 7 7 −33 40 40 10 10 9 10 9 6 0 −10 −33 

FFT8 12 11 10 10 9 8 −17 −18 −20 23 23 21 26 24 20 13 4 −5 24 26 26 19 25 22 −21 −4 −15 

EWF 8 6 6 6 5 5 −25 −17 −17 20 20 17 19 16 13 −5 −20 −24 25 22 23 26 25 21 4 14 −9 

EWF6 36 31 26 35 29 25 −3 −7 −4 118 113 106 115 114 102 −3 1 −4 139 130 128 111 96 94 −20 −26 −27 

FDCT 15 13 11 13 12 10 −13 −8 −9 23 25 22 30 26 24 30 4 9 38 33 31 30 31 29 −21 −6 −7 

FDCT6 78 69 58 75 68 56 −4 −1 −3 168 152 150 163 168 155 −3 11 3 195 190 169 192 170 144 −2 −11 −15 

MATRIX4 43 35 34 37 33 32 −14 −6 −6 56 50 51 75 48 36 34 −4 −29 118 104 108 80 98 109 −32 −6 1 

DCT8 27 23 21 25 22 19 −7 −4 −10 53 43 44 60 47 47 13 9 7 77 79 67 64 67 61 −17 −15 −9 

MEDIAN 8 8 6 7 7 5 −13 −13 −17 12 12 11 11 14 12 −8 17 9 15 15 13 17 11 13 13 −27 0 

BTREE32 12 12 9 11 11 8 −8 −8 −11 18 18 17 10 28 16 −44 56 −6 19 19 19 21 13 17 11 −32 −11 

�� ∆% — — — — — — −14 −13 −13 — — — — — — −6 12 3 — — — — — — −6 −11 −15 
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).p%Ó��Á��~���AEMO2ÅÅ

LBP�ESL�CBP�MOTP�LSCBP � 5 >2Å^

��AEMO2Å�}	 M�=�	�� LBP2Å

`m�AEMO2Å	 SD\k�=�	�§ Nks

n	D LBP2Å; 

�"óö[14]	 10 Ö�3�ÓÝ�ç�+ ARPU

�óÍ 56�64�75	W�r�^� ESL�AEMO2

ÅO M W�	^O6\k�óÍ−5.4%�−6.1%�

−8.7%�O NW�	^O6\k�óÍ+6.7%�+6.8%�

+3.0%�O SD W�	^O6\k�óÍ−4.6%�

−9.3%�−9.3%�̂ � LSCBP�AEMO2ÅOMW�

	^O6\k�óÍ−8.2%�−8.7%�−10.7%�O N

W�	^O6\k�óÍ+4.5%�+4.7%�+3.2%�O

SDW�	^O6\k�óÍ−4.9%�−6.3%�−8.65%; 

6  ��� 

òó�� =Ö AEMO 2Å�42ÅI¦ 

?��±�í2Þß	%����%�QR¿�Þ

ß	¿-Ëç�*µVäIJ DFG ���B

£P������`a� I/O à��&ÖTU�

%ÓÁ�Ï��Å LBP�ELS�CBP�MOTPB LSCBP

� 5>2Å^���AEMO2Å�ª=�	 Mk�

�����H�wl��STË�±H�w�/

012���uvd���¤�	MNTU`=;

AEMO 2ÅO N k$ =9�-		(�� LBP

2ÅH ,&�fµ�� ARPU âã	'��^�

ELS�CBP�MOTP�LSCBP�2Å�AEMO2Å
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