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1
11
Internet ,
(relative differentiated services)™®
(service classes),
, o ( ) (i-1)(1<i<N) (
Internet
, JInternet )
, a1 .,
(proportional fairness principle).
’ qi
i , :
g/a;=c/cpi, j=1..,N, (1)
€, <C,<..<Cy , ,
, d, i
, i
F=d/6 =d;/5,i,j=1.,N, 2
6.} (delay differentiation parameters, DDPs),
, 0, >0, >..>5, >0.
: | i :
F=llo =l/0,ij=1.N, ©)
O; (loss rate differentiation parameters, LDPs), o,>0,>..>0y>0.
12
Parekh  Gallager (201
[11,12].
2
, 0,1,2,..., M ,
( ) c . ,
R"[t] t i Lt t :
R"[t] = R"[t] - Li[t] R¥[t] t i
, Qlt] t t
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R"[0]= R"[o]=0,R*[0o]=0,Q[0]=0, L[o]=0.

R"[s,t] [s] CRst=Y RmM. s>t R"[st]=0.
R [s1] [sit]
i
t
Qlt] = R"[Lt] - R™[Lt] > 0. (4)
t 1(t)
__Lot]
0= ®
t dit]
d[t] = min{4: 4> 0 and R™[Lt] < R™[1t + 4]} 6)
(FIFO),  d[t] t
1( ). b() , R™ b
s<t s t R"s+it]<blt-s) . ., b(x)=o+px, R"  (o,p)
© /5 =dls,=d, d
[ d™ =sd , « @
2( ) i b am™ = sd
P2i()
oy )0 if 0<t<d™ -1
? '(t)_{b(t—dimax), it t>d™ ' @
t s<t Q[s]=0 R™[s+Lt]=P°(t-9), PPi().
,PPi(t-9) [s+11] 1 t
s t : 0.
i ). R b(-), P°(). i
B [
PO(t)> bitfi-T)-B, vt >0, ®)
I(t)
2 ) i R[] b(). P%i().
i B
B, = max (M- o1 )- Pi(t), t= 0], ©)
BI Btotd ! Zi,\il Bi < Btotal ’
) > (b0 PP )] Boa) /X on ()
3 PFS
M . i
P () ,i=1,...,M.
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2
9
P%i()
t 0, ,Q[t] =0,i=1,...,M.
t z(t) t ,
o(t)=max{s:s<t and Q[s]=0, i=1.,M}. (10)
i Z; () ! t
R*[¢(t)+1t]> Z,(t) (11)
Z(t)= Sr[pi(n R*[(t)+ 1 ]+ Pt - )} (12)
Qls. _gst
(PFS). (11) (deadline),
zZ(t) t 0 .
2
3. 9)
: u
Q-1+ R[u) c u
i u D,
D =minft:t>u and Z(t;u-2)>n}, (13)
Z(tu)=_ min {R"”’ [r(u)+1,8]+ PPt - s)} (14)
az‘ ;j:,os,u
n .
.Z(uu)=2Z () Z(tu)  Z() u
4
4.1
PFS
ns-243
PFS
1 0,1,2 10Mbps
3 3 4 10Mbps
Fig.1 Topology in test 3 01 2 01,2 3
1 i i 3
200K
4.2
3 .
1 (audio) 20ms 160 (video) 33ms 8K
4K ., FTP
PFS 5
10, 100.
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Table1l Trafficsinthe test

1
Class ID Flow type Assigned rate (bps) Interval Packet length (Bytes) Input
0 Audio 64K 20ms 160 0
1 Video 2M 33ms 8K 1
On/Off 5M 5s 4K 2
2 Poisson 2M None 4K 2
FTP 5M None 4K 2
ID, , ) ) )
2 ,PFS
ON-OFF ,  ON-OFF
PFS
30 :
25 4 T
g 20 st class 0
% 15 ————— |77 class1
g 0 ——————— |7 class 2
5 P ————
0 T ;
g 8 8 8 8
S & S S S
r] S re] S i)
— ~ N ™ ™
Time (ms)
Fig.2 Traffic delay distribution in service classes
2
5
(Qo9) :
(1) (2
: (3
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A Packet Scheduling Strategy for Multiple Performance Objects'
JANG Yong, WU Jian-ping
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Abstract: The design of packet scheduling strategy and algorithm is one of the most important issues for the
high-speed packet-switched networks. Because the packet scheduling strategy has multiple performance objects,
how to reach multiple objects simultaneously is a difficult problem. Based on the proportional fairness principle, a
proportional fairness scheduling (PFS) strategy in packet-switched networks is provided. The PFS integrates several
objects, such as network performance, user’s QoS requirement and system fairness. And the proposed strategy is
analyzed and proved in detail. Moreover, the proportional fairness scheduling strategy can be applied to design and
improve the packet scheduling strategy and algorithmsin packet-switched networks.

Key words:  proportional fairness principle; packet scheduling; QoS; fairness
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