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A Scheduling Algorithm for Assured Forwarding
Aggregated Flows of Differentiated Services
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Abstract According to the characteristics of Assured Forwarding (AF) aggregated flows of
Differentiated Services(DiffServ}, a new scheduling algorithm, named Fair Weighted Round
Robin(FWRR) is proposed. FWRR is a work-conserving round robin scheduling algorithm
for variable size packets. It has a very low implementation complexity of O(1). Simulation
results and mathematic analyses show that FWRR. can make cach queuc at least occupy a
minimum reserved bandwidth and share some extra bandwidth proportionally. Therefore,
FWRR is a suitable scheduling algorithm for the AF flows of DiffServ.
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¥k —Fi e F 4R _E 93 QoS(Quality of Service) IEMHARTE, B 90 FHRL%E, X
4¥IR% (Differentiated Services, L T 1%k DiffServ) (i E PO R EBF T4+~ EHZ B2
%%, IETF(Internet Engineering Task Force) B\t DiffServ &4 T —& RFC 0#4 -9 g
B L5 4%y DiffServ B ifi & 3 #, E) EF(Expedited Forwarding) #, AF(Assured Forwarding)
#1fl BE(Best Effort) 28, EF (EAKATE, €313, HMELE, RIENFREHKRS, X =K
—RIE” FIRFXRMUTERLLRS, BB LWREEIN DiffServ 88, AF AL
EERAERENIRS. BRI RLANTRE, AF X4k 4 4R AF 2. AF %
HERBIEH RN ERR, A RERAEE, HIREENE TRRERTEETHE M
HEEELBI YR RMREGFRE, B, FMEEFSRTE, TP TURE—EfE s
#e, BE R HEBEEFEEHR AT YEMRS. %, EF 35 AF 4150 BE 282 W HETTLL
RS EE )| WFQ(Weighted Fair Queucing) 219 | WF2Q(Worst-case Fair weighted
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Fair Queueing)(®1 S{8EHE, AF @Sd&> AF 32 (108 R 07 LU — Lo B0 B9 TR
Bk, W WFQ, WF2Q %, XEER Ik 2 BHRITF ARt SEHEA A T4, (EEBERE 2,
T AF extmiEmBlshBRAR, Frid, RITHIE AF 20050, 81T - Mg s %
—— FWRR(Fair Weighted Round Robin) ¥, MY S T8, i A#E4EY DiffServ 45
AF EBEFAHFRORS, B FhaASRMAHTE, WEWESRAENER.

OB SRR BT HE: 5 2 WA T FWRR HERS; 5% 3 WXt FWRR Fiki#
TFTHREBHE $ 4 WES FWRR #¥0T, BREEIEHS.
2 AN ERAER L — FWRR §i%
2.1 FWRR W=

FWRR Rk E—FETRIEMH. THEFERRE. & T2 KA THER S, bt 48 FWRR
R RESTREGAEESE? XREN BRETREWAERSEON EFERNE, H
ST ER, BEEHREN OQ1), MEH DiffServ HAFEN AF 20t B ERARIE. i,
FWRR HERZETHIEN. & FWRR Hrkh, RIGEMN I RFIEAR &+ S5 Ha H
G—EWEANAEY, K, CETARSUNIEENE. B, BT DiffServ &, 4IM#&
AF BH4ERE ZTRERRNE / B0t R, XAk ERSHRA. L,
FWRR SEA T 2T ARS8,
2.2 fFSHEB

£ FWRR BkpfiRe, 07 THFS (G, S4AUREMIRS Ry PR B0 -
N RASFHAFIRE: W, NAF ¢ BAE, H min(W,, Wa,---, W) = 1.0; w; HERF i 7
WEEHAE: b O MBTIRS AT, EEOLAIKE; ¢ RMATEE BN, SHBINERS
BHAFIAEG T 2 qq i1 028N N BB AN, FOPEBERBG b AR Bp, BASI
BEEOEINENRER, bd <1 HrCEBAHERBANOERS R, EH4EERIkR
FOMSET—NEEN B fuo, NAF I BESERSER: wip BFEST R, I EREZT
ERIRS EHBRTALE; n AT A, AT i BERFIMIRSKEG Sie KOS A7 T
W, EE k WIREHLFEEBRINMREE, Hb, k=1,2,n;8 AN T i, B EHFE
P EREE, R A—1 T, S SENVSFIRERER; DL ARSI i ERXAT R
MRS MER; Lonm ARKFNEDTERE Lo HEEFHRKSBEEE: Linax N
BAY i RO ALCRE; r S AEERGEE, i MNP (LY ERR ST,
2.3 FWRR HZE#HA

& FWRR FEH¥%T, ZHFHENAIIBEE - EERE W ARS8 w . HE
AR I — R A MRS R N & AFUHEAT RS, AT 1> BA B4 B 01 s AR (B L I35 280
OEERHFR. RAEERNIT:

(1) FE—A iR EE )7 B TP sant, BT BAS A4 ked SE 8 — B e SUE, B

wp=wy+ Wi, i=1,-- N 1)

(2) L IRERITIAXT IS ¢ BITIREET,  fu, BE:

(3) FBAF ¢ R E TS AHI T RS, MT FIHER: wi = wi—h/Luax s fui = fuiths

(4) FF fur € Lonax — 0.50, NIVEEE SR4KAERIBAS ¢ 4TRSS, &N, HEHHERFRE
TEATEAST § BYARSS, HEERE T —1NF;

(5) BAFI i AF A2k w; < O B,

bi=1, qa=ga+1 @
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(6) & qs > N W, HHIHE A B, Tl BT,
3 HFHT

TEMM S AR FWRR A TN (T1RR M 2.2 2 XHES) |
# FWRR R E%, it

Wi, = Wi — Z 851/ Lmax (3)
k=1
M Sik/Lmax S 1, B win, 2 Wimng . BR win, <O, B, n > Wi, BE— A0

RET M, AFIEFRS N ERERSET CRRE.
3.1 BBKAF48% (SFI, Service Fairness Index)!!

BT ARE—WZ, 3BT kk < n) RIRS, A5 BBIT (< ny) KRS
HiE FWRR Hgk, WR: #Fridr, FRBE &>, BBT W/W; =rfr;, B
BwW; > W,

(1) El Zm 1sznl/rt z Em— SJ"I/T] BF, & Izm ls‘l’"l_z =1 55, ml <1.5Lmax , &

k {
> sim €D Sim + 1.5Lmax (4)
m=1 m=1
i+ 4
k
> simfri— Z sjm/75 < (1fri = 1/r5) Z 85m + 1.5 Lmax/Ti (5)
m=1 m=1
hr>r;, 18
k t
SFI=|>" sim/ri = Y 85m/75| < L5Limax/Ti (6)
m=1 m=1
@) % Trmy Sim /7 < Tty 85m 75 B B | Ecy 8 = Sy Sim] < L5Loune . 18
i k k
> Simlri = Y sumfri S (U1 = 1r) > Sim + L5Lmax/r; n
m=1 =1 m=1
Frid
SFI = - Z sjm/rs| < (L=r3/ri) Z 8im /75 + L5Loman /75 (®)
m=1

M ory oy FAEEIT, (L= r/r) ko sim/r; BARAD, B, %7, = r; B, H

k I
D simlrim D simfr

m=1 m=1

SFI = < 1.5 Lmax /74 (9)
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3.2 DI;

DL BRATHBFF T M FR e — 138, SN —SRE LR FWRR HixRis
BHRIRSREES. 7 FWRR Bk, B4R T WEFTREESEY, BRE T HNR/M
{7, #A 0<|Bi — Si| < Limax » B DLi=|R;i =S|, 8

0 < DL; < Limax (10)

DI; MR KERELAI MRS EKE, WIET FWRR HBEATHRERENES. 5
sb, DL >0, i8] FWRR BT RURHERA B/MUER EK IR .
& TR, FWRR HisRE—iE4 AT DiffServ h& AF BEMERE.

4 fFRXE
WHTERH ns-2 £4 002, S8 2 YhReg FWRR BT HERITI. RS
RAME 1 BIRE PSS

Bl (REBREHHE

El&, Bi, By, Bg Al By #1208 EN, Dy, Dy, D3 #1 Dy AXTHM BHMIEN. Ei, Bz
% DiffServ #1495, Ci, C; 2% DiffServ ¥4, i B; Bl D; WIERMENZTR E &
BARiDN AR = 1,2,3,4) , E{AF4ERE 4 MRTHWIEF) AF,, AFe, AF; f1 AFy, A
TIAESFIH 4.0, 3.0, 2.0 Fl 1.0, £ SHRA FWRR HEHR, SRIISEA LB RE
ez E (RTFRABK) .

4.1 {FRTE 1
RBEEHT, EHELNRENS, Bi, By, By Ml By ¥k 4Mb/s #3548 On/Of B

¥ 10ms . FBARBE o 3 L5 9 Pareto 3 (XHE, 1T DiffServ RILIRM B AT 1,
B DA A B AR AL AF 31) . S48 4 %120 1000, 1200, 1500 7 300byte .
{FELETIE] % 105s . ASEHNE 2 BT R4,
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I E(s)

B 2 AF; 76 Gy ~Ez B HMEEHE (FEXE 1)

#HEBME LR HIRLH 2Mb/s, 1.5Mb/s, IMb/s, 0.5Mb/s , WL, EATR B
SR BRI (4.0, 3.0, 2.0, 1.0) NSt M M EERE I BERY, SRGW I, Riie, FWRR
FOETLISCEIR A G, AT R RN B, REARIEAERE Y AR
FHRAWE, FWRR FHRSEW Y E RREA— DB /AMRIER R, X —i05 DiffServ &
AF 28095 BERE B,

4.2 fAAXE 2

e MR FWRR ST REBARASBRHAWRE. M8RAnE 1 iR
Wik, By, B M By TE{F RN RN RIESH, By FETHETE 30s WA IFIHE
BAH., REWHAFSEE 1 HR.

B BhR i A SR SLE 3 TR,

TR (Mb/s)
ot
chbns

) 20 40 80 100

60
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B3 AF; % Cy ~E; # P ZREWR (HHES 2)

Bl 3 ARLE W

(1) £t =0~ 30s i, AFs BERRWRAZ, AF, AF: f1 AF; BYERRIEFRS SN
2.2Mb/s, 1.7Mb/s, 1.1Mb/s . iXiEB], 5Mb/s fiEBHELE AT, ~ AFs ZEHAUE (51K
4.0, 3.0, 2.0) HBHAT T 4H

(2) B t=230s 2J5, Bt —AMEERTEFES, AF ~AF) MISERFRE B3N 2Mb/s,
1.5Mb/s, IMb/s, 0.5Mb/s , HRMERA 4 4~F B Z B Hiw @ #E4T T 4 B,

U EHHEEREH, FWRR FEAHEBRERRE DT RARS, T SEIR AN
TSRS EE. Brik, FWRR FIEATLIMER DiffServ b & AF 362 (8] A RE Rk,

54 #

I T —FRA AR DiffServ 14 AF 249 FWRR §k. SHEBGANIMAR AT
O (0 WFQ . WEQ) MLk, EMEAENME, BHEEREMNY OQ) . HHERERA
FEoirR, FWRR R:RASFOATE BBRUEERNMUETRMRS, Faas
B—E LH SRR, #E RFC2475 71 RFC2507 «HiLER DiffServ AF 28 &R,
BuSh, FEA—RHETIME. LARRE, BN TFERSHMEERE, FWRR F:BRREE
f+ 4 PR R B ERBERIE, ERATUITHREGMEREREE. M= s ERR
B O ERE R ERAE .
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