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12WÖDw×��WLÌ.

ØÙÐÚ©, ©d=§Û�ÜÝb���W\
+ode�������. DÞ²�, Ø

Ù¼ßD9LMàw:Páâ�ãä . ./0åE#$�I�
!"�j�)*����

(proportional fairness scheduling, PFS), �����D�W��������æ�]^_`(QoS)

12I'()*+,\LM�+ode�åçâ./0w
�WLÌ, Þ²�j�)*��

��&Bn}+è/0éê�ëì. ØÙ�>?��í.¿0�������&+o>?b

î�Páãï.

1 ����

1.1 ������

Internet ��ð®%&���ð®b�¹ñ�5�]^12, 9�òd=�5w]^¢£

D�:óôõFD�´r�öN+. Df�Õ�]^(relative differentiated services)[12]�, �

�¡¥�W÷w{{�]^ø(service classes), 9:]^øùúB���
_`12|}û

ü%��Bûý!"���#$�,�
}§. þ���¡¥�ø�W÷ûü�]^ø, ø i

�b��E(�����ÉE)ø i − 1(1 < i < N) �]^_`(ûý!"I��#$�). ÐÚ��

���E�;���, u§D�	
�óôõ�b���]^_`;f5�, �78�b¡�

]^12. 9
 Internet�æ�����üo�����WÎÙ12�_`I�êNK�]^

ø. D9
óôõ, �E�b��SKIGH��, Internet���üI����o�ò���

]^_`�ë, 3¨©¨�!"�NI� ,, Í��o�ë�� �ø!bj�� øf

����]^. D²³[1]�,��./0w
j�)*+"#(proportional fairness principle)¦

$©f�Õ�]^�12.

j�)*+"#ùú��%P�è��Õ�¯°ùj�����GH, &Xò©f��

]^+o. '� qi()]^ø i�+o`*, #j�)*+"#è+�]^ø,�3õ�NK:

( , 1, , )i i

j j

q c
i j N

q c
= = � , (1)

B� c1 < c2 < -< cN;w.�]^_`Õ�¯°. u/, ��+{ø�]^_`��B	
0

Ä, Íø®�]^_`j*;�0�, 1	
2Ï.

��åEûý!"�)*+, 3�ûý!"�§j�)*+"#�+o¯°. '� ˆ
id (

)]^ø i���ý4!"�N, j�)*+"#n%)5§��b]^ø iI jb

ˆˆ
( , 1, , ),ji

i j

dd
F i j N

δ δ
= = = � (2)

B�¯°{δi};�æ12�!"Õ�¯°(delay differentiation parameters, DDPs), �E�� 

øb���]^+o, 6bδ1 > δ2 >->δN > 0.

5
, � îl ()ø i �#$�NK, åE��#$��j�)*+"#12]^ø®�#

$�78

ˆˆ
( , 1, , ),ji

i j

ll
F i j N

σ σ
= = = � (3)
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B�, σ i;#$�Õ�¯°(loss rate differentiation parameters, LDPs), ÎÙ�rm7ü§σ1 >

σ 2 >->σ N > 0.

1.2 ������

]^859°�:;�</=D Parekh I Gallager ���[13]�, >ÙDB��Å±��

�0w
?��]^859°, 9
LÌ�w{ÃADEÎo@�]^_`�12?kw{

A��859°)B/¦, ÖÓw{���CD�]^�+IB>���CDÕ E¦; Î�

Fw{�1�A;è0]^Q�r�GH+¦§$©�5�!"IZ[�12��'(GH.

CruzD²³[14I15]./0w
�§ J�]^KL�:;, Î3�0� J�]^�M

¦�§�]^�+�?�85NO; FPD²³[16, 17]�è/0�éêÍ´Ü�w.+�]

^�M. Þ²�3��]^85��MínQ²³[18, 19].

2 ������

Þ²þ�'(6®�÷w{{�m�6®R, ST§ 0, 1, 2, -. ��Ó�b���§ M

{]^ø, Öþ�D+{6®RU��]^Q(��J�V�Q)o]^ c{��, cº�]^Q

�]^o¼. ÐÚDÞ²�ØÙ��0��#$.

ØÙ� in [ ]iR t′ ()D6®R t]^ø i�©$]^Q��b��°, Li[t]()�]^øD t

�#$���°, W [ ]in in[ ] [ ]i i iR t R t L t′= − )B©$]^QÖ�Xò©]^���°; � out [ ]iR t

()D6®R t]^ø iYE]^Q���°, Qi[t]()D6®R tZ[FD]^Q����°,

B� t;w{¹	\°. �$w.+, W [ ] [ ]in in0 0 0,i iR R ′= = [ ]out 0 0,iR = Qi[0]=0, Li[0]=0.

�M in [ , ]iR s t §D6®®][s, t]U©$���°, in in[ , ] [ ],
t

i im s
R s t R m==∑ B� s I t ^§

¹	\°. ' s > t, �M in [ , ] 0iR s t = . 5
, out [ , ]iR s t �M§D6®®][s, t]UYE���°.

§0AÄ, DËMØÙ��äáw{è��]^øÖ_�õe i.

þ�wE`]^Q��b��. uXD6®R tab6]^Q��[F��°§

Q[t] = Rin[1, t]−Rout[1, t]c0, (4)

f�E t�#$� l(t)�M§

( ) [ ]
[ ]in

0,
,

0,

L t
l t

R t
=

′
(5)

f�E t�!" d[t]�M§

d[t]=min{∆: ∆c0 and Rin[1, t]dRout[1, t+∆]}. (6)

ÐÚ©3e�]^ø���YE]^Q�7üIB©$7üwq(FIFO), fg d[t]�âN

§D t�©$����!".

�� 1 (h
+NK) è�w{¹l9° b(i)�§©$9°, ØÙ�Ô���¡ inR ′;b

j�, '��b78 sdr� sI tb inR ′ [s+1, t]db(t−s)÷Ò. �E�:�kój, 3 b(x)=σ +
ρx, ØÙ� Rin;(σ, ρ)j�.

�=M�!"j�)*+"# [1]b
ji

i j

dd
d

δ δ
= = � , B� d�§!"j�)*¯°, B*ÓD
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ËM�j�)*�����n}+�ª�äá, D/ØÙÓBl�w{mn`. op
=, '

]^Q�+{]^ø i^78!"qr max ,i id dδ= � #]^QD]^ø®78!"j�)*+

"#((2)s).

�� 2 (!"j�9°) þT]^ø i���¡�W�
 bj, 12]^Qtu�!"�

r§ max
i id dδ= �{6®R. þ� ( )D

iP i ;w¹l9°,

max

max max

0, if 0 1;
( )

( ), if .

iD
i

i i

t d
P t

b t d t d

 −= 
−

� �

�

(7)

'�vÚ t FD sdt � Qi[s]=0 Y out [ 1, ] ( ),D
i iR s t P t s+ −� #ØÙ�]^Q�ë!"j�9°

( ).D
iP i

op
= , ( )D
iP t s− 850Dè��6®®][s+1, t]��1��mYE]^Q��°,

B� t;vÚè��6®R, s;�{�rE t�6®R, YD�6®RZ[F��°§v.

Dõ¦�¾q�P[14]wB'w{©$�°x¡�W�M 1�NKÖY�ë!"j�9°,

#!"I[F��°;b��. D²³[20, 21]�bkøy�85.

�� 1 (!"â�) ��w{�ë!"j�9° ( )DP i �]^Q, Öþ�Ô�¡ Rin; b

j�. #�+w{ t, !" d[t]bâ�

d[t]d
: 1

max
s s

min{∆: ∆c0 and b(s)dPD(s+∆)}. (8)

op
=, !" d[t]�â�§ max .i id dδ= �

�� 2 ([F��°â�) þ�]^Qb PD(i)�!"j�9°�ëYÔ�¡ Rin; bj

�, #� t, [F��° Q[t]bâ�

Q[t]d
: 0

max
s s�

{b(s)−PD(s)}. (9)

�!"j�)*"#I!"j�9°��M%&�P 1 nn: ']^Q�+w]^ø�

ë!"j�9° PD(i)YÔ�¡ Rin; bj�, #]^Q78!"j�)*+"#.

Dõ¦, ØÙ�ª]^Q�#$�SK.

�� 3 (#$�SK) þ� [ ]inR t′ �W©$9° b(i)ÖY]^Q�ë!"j�9° PD(i).

'��è]^ø i�z{Õ§ BYFDw{ñ° l̂ �ò

PD(t)cb(t) ˆ(1 )l− −B, t∀ c0, (10)

##$� l(t)âN§ l̂ .

��P 3 nò1�ë l̂ �#$�âN, |1§]^ø�� Bcb(t)(1− l̂ )−PD(t)�z{Õ­

®. }xj�)*+"#[1]b ,ji

i j

ll
l

σ σ
= = � nò]^ø i ��~�#$�âN§ ˆ .i il lσ= � B�

l�º§#$�j�)*¯°.

�� 4 (#$�j�)*) þ�]^ø i � in [ ]iR t �W©$9° bi(i )ÖY]^Q�ë!

"j�9° ( ).D
iP i '��è]^ø i�z{Õ Bi78

Bi = max{bi(t)(1−σ i l� )− ( ),D
iP t t c 0}, (11)

�
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#]^Q�]^ø�#$�78j�)*+"#.

�E�b]^øz{Õ Bi��I1mE'(��z{Õ­® Btotal, � 1

M
ii

B=∑ dBtotal, 6

#$�j�)*¯° l��78 l�c
( ) ( )

( )
total1

1

.

M D
i ii

M
i ii

b t P t B

b tσ
=

=

 − − ∑

∑

3 ��������

ØÙ>?3ß 1�B� M{]^ø���ÀÔSK¢£.

+{����ý4���w{]^ø. +w{©$��}xÎ��øe��ý9:ý4

��w{. ����Q(packet scheduler)���{øÓ¥]^, %��ø®�1�!"Õ�.

Fw{¢�, ØÙ�Îz{SKQ(backlog controller), %PD�
���,�
½����

z{ý4, Î��;V��b��¥#�. �A��z{SKQ;��#�(drop-tail)�z{

%P, <�bn��z{GH6#���. ���n%3�3 RED[22]�#���. <w{�

��ò�¥#�6, ��#�¢�(packet dropper)��w{z{ý4. í�;�z{SKQ%

P�
��\{�z{o`, X��#�¢�SKø®���#$�Õ�. #�¢�&f�

ý4�Z���w{��.

��w{ M {]^ø�]^Q. þ�]^ø i |1]^Q�ë#$�NK%&!"j�

9° D
iP (i), i=1, -, M. ØÙ��TUw
��

��ùúj�)*+"#.¿!"�N�ëI

#$��N�ë.

}x�P 4�#$�j�)*�qr, DÔ

���z{SKQI#$�SK�+]^øý

4�z{ÕrmI��#���ùú(11)sè�

NK, &X�]^QU�]^ø.¿j�)*�

#$��N�ë.

X���Q�TU�&!"j�)*�"

#. §AÄ×Q, ØÙþT D
iP (i)�\°*. w

{]^Qº§­�qr;�b]^øD]^Q

��[F��°D6®R tZ^§ 0, í�;� Qi[t]=0, i=1, -, M. �Ew{¹	\° t, �M

τ (t)§�rE t��Ëw{]^Q§­�6®R, í�

 τ (t) = max{s: sdt, Qi[s]=0, i=1, -, M}. (12)

ØÙ�]^Q�]^ø i�ëdeÔ/9° Zi(i), '�+ tb
out
iR [τ (t)+1, t]cZi(t), (13)

B�

Zi(t)=
: ( )

[ ] 0

min

i

s t s t
Q s

τ
=

out{ [ ( ) 1, ] ( )}.D
i iR t s P t sτ + + − (14)

�� 1 ��� i �����	
� D
iP (�)
���������������
�

Zi(� ).

� 1 M �������	
��
�

� �
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�� 1 �������	 !"#$%(PFS). �&'($%)*+,-�.�/'+0

1(13)2
34(deadline), 5634
78�9�.. ���� Zi(t): t ;�<=>
, ?:

<�&@A�.�BCD=EF'+GH. IJ*+���
KLMNOPQR$%6ST

� 4UH.

U��� i:DVW uX,-�.
8Y�:[ in
iR [τ (u−1)+1, u−1]+1, in

iR [τ (u−1)+1, u]]

V
Z'
[�.

\],^:*+DVWX_`a'+�.,-D, b,-8Ycde��� ifg'h�

�ijk
,-�.�. l[
"#$%mnop:

�� 3 6S(11)2HqP�/r���
KLM, stKLjVPQR$%uT,-�

.QRvwx, yzw��i
*+�.�/'+34, 6{|}~�2a_�34
�.

��,��, ���, :�+DVW u X, a [ ] [ ]( )in
1

1
M

i ii
Q u R u= − +∑ +�.=E����i,

5a_` c+_�34
�.:DVW uJ��J��. ��� iJ:DVW u,-
�.�

�/op
34:

Di = min{t: t�u and Zi(t: u−1)�ni}, (15)

IJ

Zi(t; u)=
: ( )

[ ] 0

min

i

s u s u
Q s

τ
=

out{ [ ( ) 1, ] ( )},D
i iR u s P t sτ + + − (16)

nie�.
,-8Y.

\] Zi(u; u)=Zi(u)e(14)2JT�
����
�. ��, Zi(t; u) � Zi(t):DVW u
G

H�.

p�������. ����^��i�� PFS $%"#�., 5��a��34
�

�, � ��� i�����	
� D
iP (�), i =1, ¡, M. :¢, �.��34�£��.:3

4�k¤����i.

�� 2 U��i¥¦ PFS"#$%, 5��a��34
��, � y§¨]
©ª[

� t, ��� iJ,-5��/34:DV«[τ (t)+1, t]X
�.�¬­e Zi(t).

�� 3 ®U��i�� PFS "#$%, 5�34¯°��, � , ��� i ��±��

�	
� D
iP (�), i =1, ¡, M.

�� 5 (=²³�´) ®T'µ¶e c
��i)M+���·¸��. ^y¹a©ª[

� t a
1

( )
M D

ii
P t=∑ ºct, bT� 3 Jmn
 PFS $%����� i 
���	
� D

iP (�), i

=1, ¡, M.

p���»¼���	 !½�
¾�, ¿T� 5 =�, ���	
�
=²³��e

1
( )

M D
ii

P t=∑ ºct, À¿���	
�
T�: ( ) ( ),D
i i iP t b t dδ= − � Á;n
���	 !½�Â

Ã01��:
1

( )
M

i ii
b t dδ= −∑ � ºct.

4 PFS ����

:Ä'ÅJ, ��Æst(15)2ÇÈ: PFS"#$%JHq34
qÉ.

� �
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:��� iJ,-DÊe u
�. in [1, 1]i in R u l= − + 
34=¿
Di(ni) = min{t: t�u and Zi(t; u−1)�ni}

= max{u, Yi(l; u)} (17)

�,, IJ Yi(l; u) = min{t: Zi(t; u−1)� in
iR [1, u−1]+l}.

��T�

1
iS − (n)=min{m: m�1 and D

iP (m)�n}. (18)

p�ÇÈ Yi(l; u)
ËÌqÉ. y§ l�1, a

( ) in

in in

( 1) 1

in in

( 1) 1

1 in

( 1) 1

; min{ : ( ; 1) [1, 1] }

min{ : min { [1, ] ( )} [1, 1] }

max {min{ [1, ] ( )} [1, 1] }

max { ( [ 1, 1])}.

i i i

D
i i i

u s u

D
i i i

u s u

i i
u s u

Y l u t Z t u R u l

t R s P t s R u l

R s P t s R u l

s S l R s u

τ

τ

τ

− −

− −

−

− −

= − − +

= + − − +

= + − − +

= + + + −

� �

� �

� �

�

�

®T��i:DVWτ 0ÍÎÏÐÑ, Òτ (τ 0)=τ 0, Ó®TÔ,DVW u1��� iJ¯�a

�.,-, ÕÒ in in
0 1 1[ 1, 1] 0 [ ],i iR u R uτ + − = < bst(19)2=�

Yi(l; u1) = u1−1+ 1
iS − (l). (20)

ËÌÖ� , U:DVW um , um+1 ×V��� i �a�.,- , in
1[ 1, 1]i m mR u u ++ −

in0 [ ]i mR u= < , ��i:[um, um+1−1]XÕ�aÐÑ, τ (um−1)=τ (um+1−1). ¢D, ¿(19)2a

1

1

in 1 in
1 1

1

in 1
1

( ; )

max{ ( [ , 1]; ), max { ( [ 1, 1])}}

max{ ( [ ]; ), 1 ( )}.

m m

i m

i i m m m i i m
u s u

i i m m m i

Y l u

Y l R u u u s S l R s u

Y l R u u u S l

+

+
−

+ +−

−
+

= + − + + + −

= + − +

� �

ØÙ, e¥¦��� i34
Hq. =E��(20)P(21)2ËÌq�:*+DVW uX,-�.


 Yi(� ; u), Úkst(18)2q�34. 'Û��p, Ä�ÜÝÞ, ß© Yi(� ; u)àá�â+

½��ã.

'(=à��� 1 0( ) | |i i iS l lη− = ∆ + y l > Miäå, Mie�+[�, Ù 0
i∆ Pη i�æ�. ¢D,

Yi(l; um+1)= 1( )i m iu lη+∆ +  y l > Miäå, IJ ∆i(um+1)àç� ∆i(um)(m�1)ËÌ�,. IËÌ�

èop:

y§ m = 1P l > Mi, ¿(20)2=�

( ) ( )

( )
( )

1 0
1 1 1

0
1

1

; 1 1

1

,

i i i i

i i

i i

Y l u u S l u l

u l

u l

η

η

η

−= − + = − + ∆ +

 = − + ∆ +
 

= ∆ +  

IJ

 ∆i(u1)=u1−1+ 0.i∆ (22)

®U ( ) ( );i m i m iY l u u lη = ∆ + y§ m� 1P l > Miäå, st(21)2=E�,

(19)

(21)
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( )
[ ]( ) ( ){ }

( ) [ ]( ){ }
( ) [ ]( ){ }

( )

1

in 1
1

in 0
1

in 0
1

1

;

max ; , 1

max , 1

max , 1

,

i m

i i m m m i

i m i i m m i i

i m i i m m i i

i m i

Y l u

Y l R u u u S l

u l R u u l

u l R u u l

u l

η η

η η

η

+

−
+

+

+

+

= + − +

   = ∆ + + − + ∆ +  

  = ∆ + + − + ∆ +   

 = ∆ + 

��

( ) ( ) [ ]{ }in 0
1 1max , 1 .i m i m i i m m iu u R u uη+ +∆ = ∆ + − +∆ (23)

Yi(l; u)(l=1, 2, �, Mi)�����	
� Mi
�
���, ����. ������ 2�

��������� . !� "#O(Mi)��$%&�'() i �*+,-, ./�0
�

'() i ���1�2%3�45 O(Mi) 6789:�;<=>. �?@�ABCDE, 78

9:�;<=>F. O(1)2%G5HI=>.

JK� ( )1
iS l− = 0

i ilη ∆ +  LMNO	P�QRH)STF.U? (V CBR, ON/OFF,

PoissonHW), XNO�	P�LM, Y�Z[\7]^Q ( )D
iP x _`ab�LM, c2 Mi�

defghijO[\7]^Q�2%k�,l, mF.no�pqr^QN[\7]^Q

45st 1).

5 �����

uv�wxy9 Linux 2.4.2:z�{|� PFS}~��. wxy9 Linux��{|��

Z��	��, �	��Z� Linux�{|�no Intel Pentium ���y� CPU2���>

�2��Qy�45�������=>.

�� PFS �wx{��5���wx�� ns-22)J, !��������������

���� �9}~� �¡¢{|. uv£¤¥¦§��9H-wS¨© PFS � �5�

ªr.

� Linux�, «}~y(scheduler)¬­, uvY{|�	® Ipv4����)y(classifier).

uv£¯°wx9{�±-��� PFS� . ²

no�AB³´� , µ Intel Pentium � 800MHz

CPU, 512KB L2 cache, 1GB of RAM, ./ 3COM

Etherlink XL PCI (3C905-TX)���¶·¸. uv�

�5°¹�º��»R CPU 2����Qy¼½¾

¿ÀBÁÂ(V enqueue9 dequeue), ÃÄN��§Å

�¾¿¤Æ45�Ç��. �¶E��:È�, ÉÊ

PFS ËÌÍ�rÎ¤Æ: 1)PFS ��7]ÏÐr�Î

Ñ; 2)�Ò� {|���ÓÔ.

1) Saha D, Mukherjee S, Tripathi S K. Multirate scheduling of VBR video traffic in ATM networks. Ph. D. dissertation, Dept
Elect Comput Eng, Univ California at San Diego, 1996

2) Ucb/lbnl/vint network simulator - ns (version 2)
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5.1 �����

uv�wx���ÕÖ¤×V� 2. ØÙ 0, 19 2¯° 10 Mbps�ÚÛÜØÙ 3ÝÞ, X

ØÙ 39 4¯° 10 MbpsÚÛÞ¤. uv�ß
'() 0, 19 2. àØÙ 0, 1, 2�Å��QR

H��NáJK�ß
'(), Y�ZhàØÙ iÅ��QRH�'() i, i= 0, 1, 2. ØÙ 3

�����de� 200 KBytes.

¨©ß
'()QRH���wS. �uv�{��, 0
'()ÉÊ	
âã
QR

H, ��ä9�³�åæV� 1 ²ç. èé(Audio)H0 20 ms êë 160 Bytes ��, Xìé

(Video)H0 33 msêë 8 KBytes���, �íQRHêë 4 KBytes��, X FTPQRHZD

îêë�.

� 1 ��	
��


��� ID ��� ��	
 ���
 ���� ���

0 Audio 64 Kbps 20 ms 160 Bytes 0

1 Video 2 Mbps 33 ms 8 KBytes 1

On-Off 5 Mbps 5 s 4 KBytes 2

Poisson 2 Mbps None 4 KBytes 22

FTP 5 Mbps None 4 KBytes 2

#ïK PFS �[\7]��9��{2á

o�e[\�ÎÑ, uvðèéQRHñò[

\óQ� 5, ðìéQRHñò[\óQ 10,

�íQRH�[\óQ� 100. ��1��


ôõ , "#ðèéHö.[\7]^Q

0 0( ) ( 5 ),DP t b t d= − � ./ñòìéH[\7]^

Q 1 1( ) ( 10 )DP t b t d= − � , �� d���ºò� 5÷ò,

�íQRH�[\7]^Q)t. ²�'()

9QRH�[\7]^QT�qr�.

� 3 øç�ù'()QRH�[\�ä.

à��F.úÅ, PFS � Î8ûüU?[\�7]��. ���[\���r,l�|�

ON-OFFQRH�ýþ, � ON-OFFQRH��2ù'()�[\T���, �èéH9ìé

HÝáO�{2r#�����~8e. ��	� PFS � Î@»R��
�LM{2}Ø

ù'()�[\, &��7]ÏÐr, ¢2uvúÅ
N{2r#�8��èéH9ìéH

YÎ���
�2�����[\rÎ.

�¨©'()QRH%����7]ÏÐ , £èéQRH9ìéQRH����óQ

(LFP)Tñ�σ 0 = σ 1 = 5, X£�íQRH����óQ(LFP)ñ�σ 2 = 100. �í{�ñ´V

�²K. �Ä�wx{�¤ÆV� 2 ²ç, à��QRuvF.úÅ, PFS � ��J1��

'()%����7]ÏÐ. �¤ÆG¡���Ub, �ZºO���Z	
��Q�, #4

5{2}Ø���. V��ûü&����7]ÏÐZuvE	��Ù���:È.

� 3 �������	
��
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 2 ����������

��� ID ����� 	
��� ��


��� 0 5120 5053 1.3%

��� 1 3200 3154 1.43%

��� 2 38400 29970 22%

5.2 ��������	

�uv� PFS � {|� #�ß)��ÓÔ: ���)(packet classification), !"#

(enqueue)9Å"#(dequeue).

$�� Linux{|�±-����)���ÓÔ. �%&�)� ���ÓÔ, uvno

�	®'(� . �)*+�LME, ,�	-QRH�.��"#/0��)ÓÔ, X¶E

����1F.¯°!QRH�'(�45�). �2LME34'()QRH�����

ÓÔY¡5��, uv±��ÐT'(�)2%� 3 µs.

NO!"#9Å"#���ÓÔ�±-, uvno{�'(y(dual 800 MHz Pentium �

system with 512 KB L2 cache and 1GB of memory running the unchanged Linux 2.4.2 kernel)±-

� LinuxE�{|LM.

uv±-�{��à6 10000 ���6 20000 ���(7)ÐT!"#2%, (8)9���

�ÐTÅ"#2%, ./(:)ÐT0��;"ÓÔ(º��<2%«.��Q��).

�{��uv #���'()Qô��N��ÓÔ�ýþ. ='()Qôà 1 � 1000

>06�� 100 ,l2, ¤Æøç!Å"#2%90��;"ÓÔT34'()Qô?qr

�@. �9uvA��	B, C�0��	
'()��� PFS �*+2%J1��	
D

òÓÔ.

6 ��

�Ò����E��FG���}~���H¥rÎ#�, �Å�	®�IüH¥��

I��oJ'(K-(QoS)#�9��ÏÐrWãrÎôõ�H¥}~��, GN7]ÏÐ}

~��45�LM�ÇN�. �Ò� #OPÉÊ: 1)�Å�O7]ÏÐrQR����9[

\7]^Q; 2)�ÅH¥¨S��[\9����oJ#�Ü��ÏÐr�7]ÏÐ}~�

�(PFS), GðÅN�LM��ÇN�; 3)TUN��7]ÏÐ}~���{|� /�VW

r; 4)N7]ÏÐ}~���wx9{�XYE45�rÎ�Ç9ZN. ºOãôõrÎ}~

�����VWr, ô�[\]�I�����H¥rÎ}~��, �Ò���ZN�ÌÍ

����N^_, ��`ÆFáoON����}~���ñ��{|9rÎ�Ç�l.

�E��FG��}~���ã
rÎôõ¬%�Ýab�9ýþ, 7]ÏÐ}~��

V�c��ÚÛde, ./�3f*+E�'(ïK^Q[4~6]WÌÍ[�gã<hiÃZjk

l�, �m<hZ>n4	����Ìc.
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