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Novel algorithm for dynamic bandwidth scheduling in WDM EPON 
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Abstract: Optical network unit (ONU) grant scheduling techniques for wavelength division multiplexed Ethernet passive 

optical networks (WDM EPON) was investigated and the grant scheduling problem based on scheduling theory was 

solved the question was formulated into a rectangle packing problem and a high performance ONU grant scheduling pol-

icy based on Euclidian distance was proposed by taking quasi-human strategy. An effective heuristic algorithm was pro-

vided to quickly solve ONU grant scheduling problem in WDM EPON. Further simulation experiments show the grant 

scheduling algorithm can decrease average packet delay and increase network utilization. The results indicate the effec-

tiveness of this algorithm. 

Key words: dynamic bandwidth allocation; wavelength division multiplexed; Ethernet passive optical network; quasi- 

human strategy; scheduling policy 

 

1  �� 

�� Internet ������	�
���

(EPON)��������������� EPON�

������ !" OLT(optical line terminal)#�

�$% ONU(optical network unit)�&'()*

'(+,-./0$12

[1]
�34�56789:

�;2)<=>?@AB:C���D/0�E-

.F12<=�1+G.(WDM)HIJ#KLK

F�MN

[2]
O 

WDM EPON��PQR<S� EPONPQ

TU

[3]
�V/0 OLTWN0 ONU�X/0 1:N
�

�Y+ Z[��\]^_PQOOLT `abc

d�ef�Y+ Z�`a# ONU �bc<=�

����e2010-07-05_����e2010-11-05 

����efg:����Fhijkl863mijn4opqrsk2005AA 121410n 

Foundation Item: The National High Technology Research and Development Program of China (863 Program) (2005AA 121410) 



�70� �  �  �  � � 33� 

g�&'<=hij�V ONU `a# OLT �bc

<=�g�*'<=O� WDM EPON kS���

l@A*'<=��	bcdm`nop�IEEE 

802.3ah qr[s�lFtuvwx(MPCP)�MPCP

yz 2 {T|uv}~�REPORT ) GATE }~

[4]
�

REPORT }~.� ONU E OLT e���9B<=

�bc?�OLT �# ONU � REPORT }~j��

ef��78+���(DBA)`a GATE }~�E

ONU e�&/�����<=bc?O�l�+

WDM EPON kS�*')&'12�McGarry �

��<S� MPCP wx�'l��O 

WDM EPON ����78+�V����)

��78[�O���[5]�MNl�{��78H

I���-.�������78HI��t�

WDM EPON ��78+�������'MNO

OLT �# ONU ���}~j�� ¡�'���

����¢v�V�£¤¥¦§��F12<=�

¨©¦ªOOLT �#«�¬+ ONU ���}~

j���'S/78+��®����¯°B��

��±O��²�®���¢v�-.��³´�

�µ¶����·¸�¹����)12+�P

º�]±»�¼] Packing ·¸�V�¼] Packing

·¸¯/0 NP ½·¸�-.¾`±�¿U��À

�¨µ¶��·¸O 

��[ÁPQÂ&ÃÄ 2 Å� WDM EPON �

��ÆÇÈÉMN�'ÊËhÄ 3Å�WDM EPON

� ONU ����·¸�'Ì|»�ÍÎÏ78+

�ÆÇhÄ 4 Ås�lF12�¨.78+���

µ¶78����·¸hÄ 5 Å������GÐ

¥�'+ÑhÄ 6 Å�mÒ���HI�'ÌÓÔ

Õ�Í�'+Ñ)Ö¦hÄ 7 Å�P×ØO 

2  ���� 

WDM EPON ���12)78��+�À

+� 20+Ã��ÙÚ)����

[6]
�D/0ONU

À+��78ÙÚÛ¶���ÙÚ(¡78+�)�

fÜÝÞ��ßF�¨����àJáâ�¯Ã$

ãä EPON s���åæ��çèéê¢v

(IPACT)�ëì��# WDM EPON ������

[7]��Kwong ��s�F0*'12� IPACT �

±�gj� WDM IPACT-ST�í� ST îï$0é

êîOð���«�*'12�À.ñò�'ó

ô�/õ�# ONU ���}~�OLT ¹Ä/0À

.12�78¬<=ö÷+�ø ONU�ÒñùyD

/0 ONU úû«��12O��[8]s�l/{T

U� WDM IPACT ����üý&/0 ONU À.

12�'���4 WDM IPACT-ST múûþ{å

æ¥O 

Dhaini �����[9]�����WDM PON P

Q���12)78+�(DWBA)���'lMN�

s�l�& 3 {À���12)ñò�78+�O

1) DWBA-1 �/0����«���}~�#j�

�'���DWBA-1 �f?78�'£¤+�O2) 

DWBA-2 ��� ONU���#��}~j�� ¡

������ ONU��#«� ONU ��}~j��

�'��O��v��ÙÚ�ñ����� ONU �

F�78�V�� ONU �'+��«����}~

�	�/0���<a��
�yð����f

+O��OLT����� ONU�Í�+�ºå�

��ÙÚO3) DWBA-3 9B�#«� ONU ���

}~�-. 2 0�����# ONU ���}~j��

 ¡���Ú78��#«� ONU ��}~j��

��f+�'��Oþ0��� 2 0·¸Ã1)D/

0f� ONU �# 2 0���V�;�l@Añ�4

�ªl¨©h2)+� 2 0���V�d�����m

�B�ñ��� DWBA-2 ¨©C�O 

�*��WDM IPACT�'�»���Í��

��#����·¸��.Ä/�åæ�ñò)1

2�'+���²��f78�'����O 

�� [10]s��Ôñ��¢v (JIT)��l

WDM EPON ����¨����·¸� ��

�¢v�üý!#¤"#$ñ�)À.12%.

©�&'���V��¢v)��ÆÇ[��+(

�������¢v.��y OLT)ñ*����

��+�r����)®���jò�,-.º�

�� JIT yz���/�0:78� ONU ��#

��/��/õ�À.12�/�� ONU *��

'��O1/�2���ÆÇ¯ OLT �'���

���D/0 ONU À��r�/3r4���Ù

Úyz�5³ñò�EPON �<=�12îï�q

�¢Z�þ6���ÆÇÀ78�/k$r4��

��B:� yñò���/k$¢Z*�'9»

:'O�í;�{��ÆÇ¬<;=�[º>�'

lÕA�ÂÍ'¢Ì|(PM)W&/0À.úû12

(NASC)��� PM Ì|��WDM EPON ����

·¸]±»� PMiΣCi�í� P îïÈÒ�Í'¢�



� 2� 	�
����WDM EPON�������� �71� 

Mi îï ONU i úû�12.º�Ciîï ONU i?

�<=�ñò�9»@A¯�Jìf EPON <=�

bcdB#ñ��Ú�;�C�%.©O 

��[11]�.��³´����MNlF12

����<=��¢v�¹��78��·¸�Ì

|D»�/0*E±Fò��������)12

+��']±»�Í¹íS/�/0�¥GH·

¸���¾`±�IJKL��Lµ¶þ0·¸�

ÀMN12+�)OP��ñòOQð��9B.

#�+`GR�ST�/012*�� ONU��@

ARí;ëì��� ONU m`n�UOþV��

W��XVYyZ[&�\n�9µ�/]^_&�

m�\n�9µO 

3  ��	
�� 

3.1  ���� 

` WDM EPON ��� N 0 ONU�Ä i 0

ONU �`a*'(�©� Rui(bit/s)���&'(�

©� Rdi(bit/s)�ONU À�a/12*<=�bÀ�

a/12*���ONU efcde�EÙZ(RSOA)

Ô�78fefg�ÀÒñ`a)��bc�/0

ONU �/0��W��/012*<=�2 0 ONU

m�Òñ�Ò/012*<=O1h�D/0 ONU

�i�m��f12�<=���OLT�jÒñ�

�«�*'12bcO 

OLT ef MPCP wxkÛ«� ONU �789

:��øy� ONU 780:�efXV���Â

��¢v�À��y��ÙÚOOLT D/0���

D/012*�'��ÙÚ�y)�������

2�VYy12*�D/0 ONU +���Ú78

@A�y�D/0���'����Oyz Ci �1

2 λi �/0���<=ñò2�O 

Pº����)12+�(P)��X����l

¬<�Ù<=ñò Cmax�l�@A�íÌ|yz� 

 P min(Cmax) 

í��Cmax=max{Ci}O 

3.2  ����	
�� 

mc��[10])��[11]���12b?Ù�

3�WDM EPON �<=��)12+�¯/0 NP

½¸��µ¶þT·¸�s�l-.¾`±��k

Û�9µO��s�l/{����Ó�ÆÇ�¾

`±��nnF12�¨.78+���O 

WDM EPON�ONU j�12 λi*<=�bc�

.¼]Lîï�í�¼]8�12 λi �*'<=�

©�¼]�2�<=ñò tj�R¼]2o�/0�

�� ONU j �12 λi �*'<=�bc?O�/0

����OLT �#«� ONU �780:���F

012*�'+��TU�¼] Packing ·¸

[12]
�

í�/0��À+��78�Ù¼]�8�«�1

2*'<=�©j)�2�/0���<=ñòO

D/0 ONU 0:�*<bc.Ú¼]îï�8�

X/12�*'<=�©�2��æ12�<=ñ

òO/0 ONU �*'<=À�+�øaâ12�

V�D/012*'<=�©mÒ�D/0 ONU

0:*<bcîï�Ú¼]mÒ�Q�/0��

��W-./{�'<=O�WDM EPON ��

78�+�@A�À+��78(Ù¼])�S?p

�CF� ONU 780:(Ú¼])��À+��78

�qr2o�Ú�¬<�<=«� ONU *'bc�

��2<=ñò12�<=ñò�l�¡<=ÈÒ

bc��<=ñòs��2�t�lO 

�µ¶¼] Packing ·¸�fu��mcn

vìÕ�/]-Ûwxy�3�x����x�

z���O!þ{{|�¾`��� WDM EPON

78+�·¸�9wüý�¨.� ONU 78+

�O���}+�~��«�� ONU 78+��

����+�� ONU 780:�'+����

íRëì+��X/�y¼](����+�h)

jò����®�Ú����ð ONU 78+�

�¨.���9w��ð ONU 78+��þ�

¯��Ó�ÆÇ�F12�¨. ONU 78+�

ÆÇO 

ë� 2 0 ONU 78+�0:�.¼] R1WR2

îï�¼]� 2��+,�<=�©)<=ñò�

� R1WR2 �aÛ/�� e1 )� e2�¹ e1We2 �'

E���2�íçt� O�ÍJ# 4 0���yz

À.+����X0���W� ONU 78+�¼

] R1WR2 �þ 2�� e1We2O� 1 «ï� 2 0À.

+�ï�O 

 
� 1  ������� � 



�72� �  �  �  � � 33� 

`/0����78+���Q��¼]

�� 4 0�t� AWBWCWD�8 AC �«�12

78��j)�AB �/0���<=ñò�¼]

ABCD �78+���OÄ k 0+�~�¯ �X

0ñ�� k 0 ONU 780:ë+E�78+��

��í� k Ú� ONU 780:0b nOk=0 ñ��

�+�~�hk=n ñ�!�+�~�h��5³�

+�~���}+�~�O 

�Ä k 0+�~�&�g+���h��+�

�� n–k 0 ONU 780:���+���gë+

��+����� k 0 ONU 78+��ë+��O 

�Ä k 0+�~�&�ONU 780:��+�

� Mxcl�}+�~���X/0À.+���

ð��+��R+�~���í;a/ë+��

�U2o� 0�Rg��+�� M�l/0+�O

���+�� M �'/�+��Â���+�� M

�����R]�À.+��� 2 0 ONU 780

:¼]���"Èç(��2�Ù� 0)�Rg��+

�� M �'l/�º�+�h�Rg��+�� M

�'l/� �+�O 

` aiWbi+,���+�� ONU 780: M �

X/12*�<=ñò)ð12<=�©�di� M R

«�ë+� ONU 780:jò��Ú��(Euclidian)

�®(Â� 2 «ï)�g Di=1–2×di/(ai+bi)���+��

ONU 780: M �'º�+���¨.O 

 
� 2  !"#$�%&'( 

mcwxy�3�x����x�z�¡R�

F12�¨.78+��ÆÇÂ&Ã1) �����

+� ONU 780:¼]�«�º�+�h2) üý

¨.�Ù�º�+�h3) � 2 0��+� ONU 7

80:«��mÒº�+�J#ÈÒ�¨.�R9

w��780:bc?Ù�h4) � 2 0��+�

ONU 780:bc?b/6Ù�R�� 2 0��+

� ONU 780:+��¢A�wÖ¦�æ12�

bc<=���£Ö¦*�<=ñò�bàÚ<9

wOmc�*ÆÇ�À� ONU 780:+�jò

SÀ�¤¥&y*���'¦§+�O1h�üÛ

��+� ONU 780:¼]ñ�í¼]��s1

2�©t9R<a12�©/�O 

4  �������	
�� 

�l%.F12�¨.78+����'�

�ñ�qrñò�ÒñOPF12�¨.78+�

���GÐ¥�¹ N 0 ONU +� 2 0È�ÙÚ�

mÈç¨©�OLT ef/0Aª«�+¬/0¨©

ONU *'bcd��D0¨©�OLT ���?¨

©��780:j���'F12�¨.78+

���+�&/��12)78OOLT ç�¤ 2

0¨©��bc����/0¨©`a*'bcd

ñ�Òñ�1/0 ONU ¨©�'12)78+�

���®¯lqrñò��ªlñ�OV� 2 0¨

©�78+���?�/6��2�12)78�

+��²�/0¨©�'ÎÏO 

�F12 ONU ��78+�·¸��V��

�ñò�aâ¥�D0��+�� ONU 780:

+����
°F{����+�ÆÇ���Ä k

0+�~�&�À.+��Fm±�f

2
42 kC + 0O

1h�²w³ü¨.���º�+��'+��þ

¯/{´z����-.þ{��À��78+�

���+�SÀ�F� ONU 780:O 

4.1  ��
��� 

¨.+����°BfuÂ&O 

²w���}+�~�&����«���+

��ONU780:�78+�����º�+��

Í���'«�º�+���¨.O 

3���¨.�Ù�º�+�«�æ���+

� ONU 780:�'+�O 

+�?���C��}+�~��J#��+

�~�O 

�G�*fu�#«���+� ONU 780

:���78+�����¬��+� ONU 7

80:0bm� 0Q��º�+���O 

4.2  ����	
��� 

ùy��}+�~�&���+� ONU 780

: M�l/0º�+� P�J#/0��+�~��

3�µ¨.+���¶�¹��+� ONU 780:

E�78+������ñ78+����«�ë+

� ONU 780:�bc?j)yz� P �·à�O 

�l�¨.+����'M����}+�~

�&�D/0��+� ONU 780:²w>B¸

+�«��º�+��3�%.¨.+�����



� 2� 	�
����WDM EPON�������� �73� 

D0º�+��·à�����±�y:'·à�

�Ù�¹0º�+��J#/0��+�~�O¤

þ0��+�~��`��Gþ0fu�º+�?

�Oþ�¯F12�¨.78+������{

|�»3�F12�¨.78+�����¸¼�

�½*�:J/0C9���78+�O 

� 3 �F12�¨.78+���¾e¿ÀO 
 

)*+,-./01+,23456789:;<,

�67=�>?@����AB:ONU ��CDE-F
n:"�>?��G�Hk F)IJK����ABL�
ONU��CD�E-:M k=0N 

OP��G�Q�01E�R�� ONU��CDS
�TU�V���N 

While k≠nWXOP��G�QUV��� 

{ 

For OP��G�Q�01EV��� 

{ 

YZ[EV���N 

    \�]�����S�[EV����^_�N 

} 

`a^_�bc�V���:d 2EV���^_�
1ec:fghij ONU��CD-k.c���:d
l1ec:fmnij�R�� ONU��CD� yop:
x op:aqopr�1E��:stuv1EV���
Fw:x&y5zV���N 

{� kE��G� Lk:|t� k+1E��G� Lk+1:

M k = k + 1N 

2}���G�Q�01E�R�� ONU��C
DS�TU�V���N 

} 

� 3~+,�]������� 

�l�¨Á�'F12��78+��²w��

ONU 0:+�78�'ÂÃ����f@A78�

�à�+�W�@A78��+ÄR+����

ONU 0:78+�Ú����RµÅÔÆ780:

�'+�O��øy�<=��2��@A� ONU

780:�µÅ��+��'<=�ñò��J%

.F12�¨.78+���À�Çþn0Èwøy

���+� ONU 780:�Ém�UÁE�7

8+�����3�ÊËOP78+����ñò

2��-.F12�¨.78+���+�«��

�+� ONU 780:��#m�£OÚ<=ñò

2�����ñ�78+����¯<=���l

�+�O 

5  �������� 

V�aâ 2 0 ONU 0:78+�jò�F\

n 2 0À.+���Ä k 0+�~�&�À.+�

�0b u m±�f

2

42 +× kC
O�¨.+�����Ì

��& 3 0+Ã1tÂÃ«�º�+��ñò�

°B���/0 ONU 780:¯��78+��

���X�� 2 0 ONU0:78jò¯��Uh2t

��«�º�+�¨.�ñò�°B¯�� 2 0

ONU0:78jò��Í�®h3t��«�º�

+���ÎÏ�Ù¨.º�+�ñòO�¨.+

���5³�}+�~����ñò� 

 Tk=O[(k×u+u×k2)+u×k2+u×k] 

¤*±À�Ð���}+�~����ñòG

Ð�� Tk=O(k4)O` n �/0¨© ONU 0:78

+��0b�¨.+������ñòGÐ��

1

0

n

k
k

T T
−

=

=
∑

�¡ T=O(n5)O 

&2+ÑF12�¨.78+������

GÐ¥O 

`�}+�~�¯Ä k 0+�~���� u 0

º�+�Omcyz�X¨.+���+Ñ���

/0º�+�·à��ñò� tp=O(n5)OR¨.+

����+ÑÈÖ�F12�¨.78+���5

³�}+�~��ñòW9¹ 2t���«�º�

+�¨.�ñòÑM���«�º�+�·à�

�ñò��í��ñòGÐ�À��Â&Ã 

 TBk=O[(k×u+u×k2)+u×k×tp+u×k] 

¹ u ) tpÒ�*±�ÀJ TBk=O(n8)��F1

2�¨.78+������ñòºF�

1

0

n

B Bk
k

T T
−

=

=
∑

 

9( )O n= �¡F12�¨.78+������G

Ð�� O(n9)O 

ÔÆ*�Â�¹ë++� ONU 0:78x.

�78+���ÜÓ�R5³�}+�~��º�

+��0bÔP�+ÑàO1h�Â��}+�~

�&X0º�+��·à��� n 0 ONU 0:7

8�bc?j)�R ��ÕÖ�O 

6  �	
� 

�ÅefÌÓ�±�� WDM EPON �mÒ�

���HI�'ÌÓÖ¦��. NS2 �ÌÓq

¾����s�������®F12�¨. ONU

78+�����(UDWBA)Rí; 2 {MN¦F

�78)12+���Ã��[8]s��F0*'1

2çèéê��(WDM IPACT))��[11]s��

��IJKL��� WDM ��78+���

(Tabu DWBA)�'Ö¦O°BÖ¦�¥�Ì×kS



�74� �  �  �  � � 33� 

%.©)+[ñ��O 

�ÌÓÔÕ��OLT:'��ÙÚ)���Í

¹+[D`#�����ÙÚ��µÅD/0

ONU ��780:�yOÔÕ�bcdGyÂ

&Ã60%�ª9wØ� 64byte d�5%��9wØ�

300byte d�10%���9wØ� 580byte d�25%

� 1 518byte d�.�ÈU<=�\n�*bc+[�

Ù`Äb� 0.75�RTT"Ú+Û�[13µs, 100µs]��

OLT R ONU ò�®� 2~15kmO������Ùê

Ü��� 2ms��. UDWBA ���Ú@A78�

BminOV�����v�/0��À��f 2ms(R

+�ñ2�É)�Q/0 ONU �/0���+�7

8m��f BminO«�12���2�ÈÒ�Ò/

12� 2 0 ONU <=jòV 12byte dòÝ+*�

�.�&ÄbÃ1 0 OLT�4 012�D/012

úû C=1Gbit/s <=�©�128 0 WDM ONU�OLT

Þ�ÙÚ� 10MB�ONUÞ�ÙÚ� 1MBO 

� 4 ��� UDWBAWWDM IPACT ) Tabu 

DWBA ��12¤"*'(78%.©�¤��À

�Ð�� UDWBA �%.©�� WDM IPACT )

Tabu DWBAO�ªi�&�WDM IPACT%.©¦��

þ¯V�«�12�?�ñòÍmÈÒ��J��

��<=��mÒ�� WDM IPACTXV12�

#&/��*��/�5�qr~��4 UDWBA

) Tabu DWBA <=��Cl�qrñ�¦2�

d�12%.©¦ªO56i��;��12%

.©�f 73%¥ß�WDM IPACT <=bc?m

£;��12%.©*�1��Qm£;2�WDM 

IPACT ª%.©°B¯V12�78àáâ�

��4�� UDWBA ) Tabu DWBA 12%.©

;��Q��i�ñ�UDWBA �12%.©Ö

Tabu DWBA � 20%¥ß�Ö WDM IPACT � 25%

¥ß�12%.©�f 95%�þÎÏ UDWBA �

12%.©C��í¥��¿�9µO 

 
� 4  WDM	
�� 

� 5 ÎÏlmÒ����&��12*'�9

wØbcd¤"+[ñ��ßÏ»�56i��;

��ñ�;���ªi�ñ�����ñ�§,ß

Ú�þ¯V��ªi�&�êÜ��	l�¡�

«� ONU +��78��«0:�78���+

[@ã� ONU �Þ����À�äÇB#ñ�O

Q56i��;��êÜ���;2�WDM IPACT

åû�Ú@A78 Bmin �<=ñò�f 2ms���

ONU m��Ò/���<=«�Þ���bc+

[�XVbc+[mÀ®¯Á�'B#O56ÔÕ

ñò�;2�Þ�bc�;F�B#ñ��JC2O

�UDWBA�����&�êÜ���!Ú� 2ms�

D/0 ONU �78+�æj<=Þ����9w

Øbcd���@A�Ù+[ñ�O¤��À�

Ð����i�ñ�UDWBA �¤"ñ�ÔÔ9�

WDM IPACT�R��IJKL��� WDM ��

78+���ÈÖ�¤"ñ��ªl 45%¥ß�þ

°B¯V� UDWBA -ÛH+ 2 0¨©�'���

OPlãäqrñòO 

 
� 5  ����������� 

7  
� 

� WDM EPON ������¹����

)12+��'Pº�Í¹í]±»�¼]

Packing ·¸�V�ð·¸¯/0 NP ½·¸�W

��Yy^_&�À�J#9»µO��s�l

����Ó�ÆÇ�¾`±��nnF12�¨

.78+����ð��-.�Ù¨.9w�+

�ÆÇ�efºå�12���¹F12<=�

�R����Pº��¨ÁOPlãäqrò��

s�lãä%.©��ªlbc+[�¤"ñ�O

ÌÓÔÕîÏkS%.©)+[ñ��Ù¥�>

J#¦Ù�M�O 



� 2� ������� WDM EPON!"#$%&'( �75� 

����1970-��������	�


�����������������

���� ! QoS"#$ 

����1962-������%&	�


����'()���*+�%&,-

����./01+��������23

4! IP567$ 

����1968-������%8	,

���%&,-����.9:01+��

������;<=>?5$ 

����� 

[1] CHUAN H, LACHLAN A, ELAINE W, et al. FULL-RCMA: a high 

utilization EPON[J]. IEEE Journal on Selected Areas in Communica-

tions, 2004, 22(8): 1514-1524. 

[2] AHMAD R, CHADI M. Quality of service in TDM/WDM Ethernet 

passive optical networks (EPONs)[A]. The 11th IEEE Symp on Com-

puters and Communications, ISCC’06[C]. Istanbul, Turkey, 2006. 

616-621. 

[3] JUN Z, HUSSEIN T. Media access control for Ethernet passive optical 

networks: an overview[J]. IEEE Communications Magazine, 2005, 

43(2): 145-150. 

[4] IEEE Standard. 802.3ah-2004, IEEE Standard for Information Tech-

nology Telecommunications and Information Exchange Between Sys-

tems Local and Metropolitan Area Networks Specific Requirements[S]. 

[5] MICHAEL P. An Evolutionary Wavelength Division Multiplexing 

Upgrade for Ethernet Passive Optical Networks[D]. Master’s thesis, 

Arizona State Univ, Tempe, 2004. 

[6] KYEONG S, DAVID G, FUTAI A, et al. Design and performance 

analysis of scheduling algorithms for WDM-PON Under SUC-

CESS-HPON Architecture[J]. Journal of Lightwave Technology, 2005, 

23(11): 3716-3731. 

[7] KAE H, DAVID H, IVAN A. Dynamic bandwidth allocation algorithm 

for differentiated services over WDM EPONs[A]. Proc 9th Int Conf 

Communications Systems[C]. 2004. 116-120. 

[8] MICHAEL P, MARTIN R, MARTIN M. WDM Ethernet passive 

optical networks[J]. IEEE Communications Magazine, 2006, 44(2): 

15-22. 

[9] AHMAD R, CHADI M, MARTIN M, et al. Dynamic wavelength and 

bandwidth allocation in hybrid TDM/WDM EPON networks[J]. Jour-

nal of Lightwave Technology, 2007, 25(1): 277-286. 

[10] MICHAEL P, MARTIN R, CHARLES J, et al. Just-in-time scheduling 

for multichannel EPONs[J]. Journal of Lightwave Technology, 

2008, 26(10): 1204-1216. 

[11] LEHAN M, JAD E, HAMED A. A joint transmission grant scheduling 

and wavelength assignment in multichannel SG-EPON[J]. Journal of 

Lightwave Technology, 2009, 27(21): 4781-4792. 

[12] )*+, ,-.. /01'2345-NP 6&78 9:;<:=

>?@'(AB[M]. CD: E�FGH, 2004. 

HUANG W Q, XU R C. Introduction of the Current Computation The-

ory: Background, Future and Algorithms of NP-hard Problems[M]. 

Beijing: Sciences Press, 2004.  

 

��	
� 

 

@

 

@

 


