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Abstract: Scheduling algorithm is very important for network design to implement per hop behaviors (PHBs) in
DiffServ model. Most of the presented DiffServ supporting scheduling algorithms are based on output queued (OQ)
switches or input queued (IQ) switches, which are not suitable to be used in high speed network. This paper
proposes a distributed DiffServ supporting scheduling (DDSS) algorithm based on combined input-crosspoint
-queued (CICQ) switches. Theoretical analysis illuminates that the DDSS algorithm can obtain good fairness. The
DDSS algorithm adopts a two-stage flow control mechanism based on periodic statistic to achieve fair bandwidth
allocation for expedited forwarding (EF) and assured forwarding (AF) traffic, and uses a priority scheduling
mechanism to provide lower delay for EF traffic. The time complexity of the DDSS algorithm is only O(log N),
hence is practical and scalable for high speed network. Simulation results show that DDSS algorithm can obtain
good fairness and delay performance. It is more appropriate to be used to support the DiffServ model.

Key words: DiffServ model; quality of service (QoS); scheduling; flow control; buffered crossbar
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03 P 4 PR A % JEUAR T Ji) DG 32 422 1) Internet (50T DAy TAT [ 2 22 (1% D99 8%, 55 2 3R 47 o 39t 14) ¥ 8 T B, 25K o
A 4% 5 bR B 2% 10 S R A B A B IE HSEBIRS VP, 40 #3 H . MF (multi-field)f 43 2 AL I B2 X 7 28
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PN B 1) e K Ak B DiffServA B 78 73 5 18 T TP W 45 1) 53 i P R mT 47 Jie P 24 520 2% (1 IR 25 0t (IF 18 1k DSCP
g R 11 BRI SR AT R (per hop behavior, f&i #RPHB), AT Al KM FRAR T ST 22 B2 il T-DiffServi 1 B AT R 4T
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T UZEE MY RET R 2 B CICQAT # 45 14 It 45 in 3 B w] A5 0l 5% AT & W 1% 57 I O QAT e 45
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(RSN T4, D5 SE B SR - 23 f B, SO R T — R S B T8 ARSE BT .00 T 3HE— 2P 30 0F DDSS S 11 g, A
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JEMEE 145 T NN 1) CICQ A2 #i & #4) J2 Ho S KF DiffSery AL HE AL A 171 21K, e K i 22 4728 T oA
h A% 10 B e R T A AT 40 45 ) [R5 A B N i 11 43 0 8 B — AN N R A B A Tl G JA Sk BHL 2 5 A i N 28 A7 A
FULEZ A BRI 0 N AU BA S (virtual output queuing, {iFX VOQ), &AMz 4Ll H BABI I T 2247 235 — A
R 1 (9 4RSC. T DiffServ AL g SCT O WA RN T 75 SR 1 2 Bl PHB, Y T B3 A2 AN [F) W T 75 =K 1 il
55 RS R FU0 i HE BAZAE 12 5 1 o) 1l K AN FEFUAT 4 28 BA F7 (virtual priority queuing, & B VPQ), 54N R UL 26 24
BAF I 28 A7 — A R Juh it BB 22 mp LA A RO 2 G 00 4 3C . 5 R R1 I 28 A7 A8 SCTF O P 38 1R A8 AN A8 ST
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Fig.1  CIOQ switch and queuing mechanism
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W 1 PR, FSCR VOO, b VR N B 11 A i 3 1 A0 K L% A B, VPO b YR HL i e BA B
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XA R ATF B, AN A8 SN BB AF BRI W] AR AF— AN s KA T 7 1648 S5 R Ak 3 B SC &k,
X TR CB i3 — N PEARES AT S TR VPO # AT it 451, 2 fn=1 W, A5 1L VPO (4R SCH s 24
Fix=0 I, SVEVPQ AR SCHT b T SE AN [ 2R TR DiffServlk 4 2 17 (45 %5 43 B % T 544t 3 114 —
AN KHYE SRS 0] 577, 0 i o 18R A i A5 2 V=1 I U W) i o o 11 247900 2 48k ) — 2K DiffServ
W45 B4 34 T IL UG 258 (R 96 WL BT CByj (1=1,2,...,N)AE LR 4R 325224 13=0 1, 35 0 At i 11 A0 56
G b ki) — 2K DiftServk % TR AF 7 9 /N T IL TR 56 24 58 4 9 WL I T A7 CBy (i=1,2,....N) SR VFn RS

BT CICQ A& A M TEAZ A He B T N 8 5 TN T A8 SN s G2 AF, K G CICQ A2 #8645 K40 1) W S 4% 3 Ay i N 1

© PEFREBAEHIITUN  httpd/ www. jos. org. cn



1850 Journal of Software #A+% . Vol.19, No.7, July 2008

JSE RV U8 FEE P #8820 2 i N R R 23 8 SO0 B N G A7 A B R TR R SCAEAT VA B MR A TR HE WU 0
(R3 R SCIRAEAZ ST R G A7 BAA i 4 81 5 8 93 97 DR A2 ST 5 G2 A7 BA A7 P (R0 400 SCEAT R 58 M4l — 5 11 v I ik
O T PR SLOKATE A F0 05 K 14 i S s A 38 36 ) e e R AT (10 ) e DUk 17 25 A [ 1) 8 B B0

3 DDSSIAEEX

BT 8 55 B0 T e A ke 5 ) A1 2 B 5 IR 4% 1) 4 S, R b i %1 19 4% 2 Pl 12 % S 3 DiffServ AR A
£ XA [R] DSCP {E Y PHB Ik 25 22 ¢ H EE AT $2 L — P DDSS ) B2 5032, i i 2 - Fi HOur I B B0 (0 A 7
HEAT B8 43 M7, 3 J5 45 s DDSSS 1 5 S0 (1 Rl o 1% B vl
3.1 FAEEEER

DDSSH 853 F B 5 B T- T2y 58 (R & g A B L A N U J32 SR s R 4 L U 82 S 3 AN 4y B
TG A7 68 ()38 Gk B P AL T 7 A R AT XN 0 R AE I AR S AT 5 A H i 1 i 7 R 2 1)
V560 N U S SRS AR R SRS AR 5 R IR S ) Hi N 2 A7 A4 v (R 4 SR AT DX 43 A0 2 20 10 U 52 B o 2 3R
WS 40 A A2 IR S T W AR A X AT ST U A7 B P I R SCREAT DX 43 I8 5 42 11 1 2 DiffServiS B4 EF I 45 €
M T A A5 S ZK (peak information rate, {iif #XPIR) H] T LI WEF ML 25 3K 453 1415 96, 4 4 Bl AFME 55 5 T A& 1= KL
T % (committed information rate, [ FX CIR) FH T fRAIF 25 Fl AF MK 45 3543 1) 5 58, FL v AF (Rl 55 1) 75 Vs 7 50380 % b
4 CIR(k).DDSS ¥ J5 VAR 483X P12 2 20 % AN R 56 2% 1 DiffServall 45 ¥ & H 02y 47 0 bl W Ry, oD Ry,
=PIR.R;y =CIR(k—1)(k=2,...,K—1). 535 (W) e A SRR 30 3o 56T F00 &4 7 B 11328 o = 47 B Ll S5 IR A7 P24y iy
B AEEFMY 55 5 ANV 25 2 1) (1) 43 BiC, 38 ek A 56 2 1 BE ML EF M 25 PR AR 2 38 e 45

T T B8 1 I8 G i L A AN ARV 2543 B0 — A T EE, DL — Al 5 I 70 T ) 3 2 b ot
AN R RB S IR ARV 25 76— T T J8 30 P 03R4SR 4 R Aty S8 106 AT S8 Tk R B TR e UL SR T e /N PR i 58 Ry 1)
PR 22D KT — ANt KA, BRI TRy >Max 78 BF — /> T[] J&] 11 191 46 1) 20, 5T A7 ARV 2% 1) oF S8 il i =2 0 T
ATHEC AT T EFME 45, 5K F T 8 G0 b 10 AT 0t 478 1 43 384 K EF MV 45 R I) 8 31 3, DR 6 ok EF I 55 23 Tic 1) o 42
MNHIIUE B 220 TF Uy HEAT 8 8 550 3t oy 117470 2 2k e DiftServ b 45 3R 45 1 52 1“7 15 8005 b 10 4 C B HH R 2
FH IR 2 RS 1] i W 3 oxf S SR 406 T di G R 2427 6 B Ry 1) EE AT BB AR AR RO e, k=1 B, fun S
Gyt Ry, MV =1, 15 MV =0 24k=2 BIKIN, WUR Cp> TRy, W V=1, 75 WV =0 i N\ 1 B 18 HT VR AR AF 5/ B
FEMR 0T W AE S R AFBAF CB e 115 A TR AR HEAT SR, W1 AR CB e A 5 0, =1, 45 W3 =0. 1 T~ V=1
BT CBjp(i=1,2,... ,N)AE (-5 AR S0 T REAS 28 ST i B AE BB R B A7 1 A KA, DA G AR it o 2 T Ty
7 T AT U A o 2 AR PR P BRSNS A BB A T, AT R Tt B A N B 11, S IR T LA A T 1R I
210 DDSS i 505 R IZ S AL AT DU AS ) 8 R DiffServalk 55 (1 14 Hr %6 SEBLEFY 55 5 ARV 45 2 1]
R 95 23 . LA 20 A\ U FEE R L T P A B 40 R DDS S 2 SHVA HEAT i3 -

> N

o T AEAN N Sy AR IR ZS AT 55 AV 26 b UK S A\ sie 11 1 T A7 R JULAUC 56 4 BA B K1) 4 D KA B
B M(h=1.2,....K), 515 My B 5 i N\ iy iR 56 A k HLA R BR S AT =0 BT JE73 B UL S 2L BA 51 7
KNG FAT M6 BUREAN B2 45 v AT S KA B 1R R HOL00E 2 4 A 1) 1 DAy 4 3 BA 371 3R 5 74 2 A %) v R R AT
fE S G I R AU 2 G BA B 3R AT IR 55, I T 5 I (R 5 RSB 5 e
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o T BE A it o AR T S G b TR i s 1 DR BB 1) BT AT A8 O R AE BA A R 43 O KA 5 S S
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B I KK AE XN B AL DI R e BA A, an R RS I # VI iK1 AR LIWAES S,
(k=2,..., Kk tH 105 128 BA 371 v 38 B R A o5 DR BE IR A8 O U A7 BA B R4 I 55, 75 DU 7 i i A 271 v 30 SR A o
R SE GRIN AE AT s A7 B SRAF IR 45 3R 5 T 0 B IR S 45 R A 1) =V
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32 NFMESH
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F _ k,n 1
% Sent, M
Rj/c
IFQA = K-1 (2)
&
Fairnessindexk, = FO: 3)
IFQ,

H1T DDSS U 8 53045 i B — AN HE A0 I A R RO A 17 B EAT BB AT — L 56 21 ) DiffServ Mk 55 75—

A T A SRAT LD A 56 RS B 3R A T A 56 1) 5 45 2 22 B KON Max, AL,

n-Ry -T<Sent,,<n-R,-T+n-Max “4)
n-Y " R, -T<Sent,<n-y " 'R, T+n-(K-1)Max )
n-Ry-T - k:Sentk’”Sn~R/.k-T+n~Max ©)
n- YRy T+n-(K—1)Max Sent, — n-Y Ry T
K-1
R,-T FO, R, -T+Max
— Zk:‘ /! < Fairnessindexk, = 9, be Lt @)
> Ry T+ (K—-1)Max 1FQ, Ry T
ihF Min(R,, - T) > Max ,JJ1fi 3¢ 'R, -T2 (K —)Max, i b4,
1
) < Fairnessindexk, <2 ®)

A S 7 P 000 5 B/ T Ry M TR 4 KT — A B R L IR S A PR BOK B T 1, IR
DIDSS YA 513 FLAT B UFI0 4 358 — 45 PEAS A 0 ST 6047 P 45 B8 25 .
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Fig.2 Circuit design of DDSS schedule algorithm
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EBAH,K S N BB LE 84 T A AF A1 BE M 2% 3% HCE AT S5 R BE TR i 128 DA 91 0 2%t — i — 52 FH 2 i 4
U AR ) e SR A R 45 1A BA A1) AR B0 U ST 1R BT A7 BA S e R B 2 L0 N i N (R R T B A s P b A 52
AP0 O(log N-log L),K TN B LR AR FI 2 % H AR BT O(log K-log L), fi N B AL AR AR 52 A% 5 0
O(Klog N-log L+log K-log L), it il JEHL A REAE 24 8 O(K log N-log L+2log K-log L+log L).H1+ K &% 4,
Ak DDSS Skt 2% 5 4 O(log N-log L), 143 75 {8 i gt i {1 512 .
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