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Drop Precedence Class Selector
(3bit) (3bit)
Precedence D T R 0 0

= 2 IP TOS Field

Bit Description
0,1,2 Precedence
0 = Normal delay
: 1 = Low delay
0 = Normal throughput
! 1 = High throughput
0 = Normal reliability
: 1 = High reliability
6,7 AHE SR FS

E3IPTOS EE FHY
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Precedence D T R

X 5 EF Code point

1.2 gz =& 7| (Traffic Shaper)

U E S ol A Tetst EefjEo] 2l st= Z 2 DiffServ o= E
o =2 atdol 95t =8 £ E6HA "t Metere 7FA A MEK A A3

X} 7o) SLA(Service Level Agreement)ol 9&] EalE T 2uld 1} A X 5=

A E AALst & Markero) €5l PHB 1 &9 & DSCPEE=E 1A s & U7}
A E T}

EYE ZF7]= W39 £ E HLSS5H] {6 ESEE X AAIZE. E
AT =FZH7)0 QAR © o]l AEST Wy EAYSHA] FE thHE dropperol

2] 7] ¥ Zl (leaky bucket)3} EZ2 vzl (token bucket)2 tEHQ =&A7]

i B T

& a1e] E ol
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1.3 7 ¥ (Queueing)} A7 & (Scheduling)

egress edge router(& -+ ZA A 212 E)ol = &S 3) 2]

ro

Foll AE=EA &
=dl, € BEE *4dH tisto] st EAsteE Z o] vpE A skt ol F
UXHEE 7teskA & & itk EF, AF, BE EziZ o] thst] 2+2ZF th & Fol

ol

AMEeotd, AAEL L A7 @es] @ Aot

UERAIS EXF A& Al E 8l IETFolAE 8198 1B ES 2AEY
guBEY F Y A ESE BEF5 A olF aAEY LB E

7 &l 7 Scheduler
RED —_ —_
PRI
RR
WRED | —> — | WRR —"
WIR
RIO > >

I8 3 7 &8 Edy AA| &

HMHR o2 e UESIAYS 2B U AXE9 HEE HEE EASH

OET
Al =W, ol o 22 AAIEY guglEEO UT
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« FIFO (First-in First-out)
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« PRI(Priority Queueing)
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=2 A= Network Simulator 2(NS-2)E o] 235l A HE 51T
NS-20l A A Zsl= UEYIT EEZX EAT REYE 0] 23510 Ingress
edge 2t EI S} core TR EE Tcl AZYEER WEL 212t o] 9=
I AAEY duelES HA 85U AlEH ol AFESE a8 E 2 Round
Robin(RR), Rriority(PRI), Weighted Round Robin(WRR) 31} Weighted
Interleaved Round Robin(WIRR) AA &% ¢ 18] & olt}.

EHE HdolnE2= EEZ ¥AES F5] st MRED@ RED Active 7 ¥

ol gneES AHS T

Al 1  EF PHB Class 2+ AF PHB Class

270l A 71&3tul 2 PHBO 2% 3= % E= ®olw o] UL oo ma
PHB 189 Fojol 1 4= UEND FFo =ity Qem g, Al B ol g

ol AMZst= PHB WA ttoez2 = 2 A%< EF Egiglg Mg & g A.
PHB zlztul ] M Yo A physical queued] gt A8 st & Fo AFA

# 7] 4 H(Drop priority) 2 71& =4 &5t EF 28142 S 7854l AF
SHas dUEoR F2 s 4835t 75T
E#1 ¥ £ CBR(Constant Bit Rate)sl1l & =222 UDP(User

Datagram Protocol) & A} 5} o).
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AE 2 53l NS-20 A4 A Z25t= MREDO 471X RE & RE U EZS AL
g & 2= DROP 22 7I& & 2 &1 & gdstitt. AF PHBAO &=
MRED REZ& 71& A& 23S &g35t= RIO-CE 0] 351 o258 24 &
217t =2 EF PHB Sl 29 Egimle thE2 S 290 iZES © Wol #H 7] Al

18



# Core to Edge parameters

$qCE1 set numQueues_ 2 IF7Me] 8 84
$qCEI1 setNumPrec 2 /IS 70 9] virtual queue
$qCE1 meanPktSize $packetSize //RED 9] B+ Z o]
#Define PHB

$qCE1 addPHBEntry 10 0 0 //10,11 =719 DSCP
$qCE1 addPHBEntry 11 0 1 // virtual queue
$qCE1 addPHBEntry 20 1 0

$qCE1 addPHBEntry 21 1 1

# codepoint 10,11 PRI schedular

$qE1C setSchedularMode PRI //PRI =29 H&
# MRED mode is DROP
$qE1C setMREDMode DROP 0 //EF 7o DROPR =

$qE1C configQ 0 0 20 40 0.02 //$Q_num,$V_num,$min_Th, $maxTh,$maxP
$qE1C configQ 01 10 20 0.10

# codepoint 20,21 MRED mode is RIO-C

$qE1C setMREDMode RIO-C 1 /[/AF

$qE1C configQ 1 020 40 0.02 //$Q_num,$V_num,$min_Th, $maxTh,$maxP
$qE1C configQ 1 1 1020 0.10

# $Q _num : queue number

# $V_num : virtual queue number

# $min_Th : minimum threshold, dropped when the min_ Th value is
reached

# $maxTh : maximum threshold

# $maxP : maximum dropping probability

¥ 7EFEHE 83

Coreoll A Edgelo g2 71= HAZo 79 F& Hos5tal, EEA U=
10,11 EF DSCP=&, 20, 21 AF DSCP=E A3} th. 22 stuR o] 71+
(virtual queue)E AP T A7]1A Y =9 F mietug] 282 In-

profilexz} Out-profileo] BEE XN E XNAFS 4 Yoy vyEEZ FHod gt
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2 U s Mestth e 5o 50l9= B30l $min_Thel tiot2 A 5w
®E mzlo] w7 Hc).

FHel &21F(sl,s2)0l A =2 F(dest) 2 7= B R ol EF T3 (core

to e2)ol A o] 2] S 7] gEIE DM =Z2 ST

- EF/AF_graph

EF
4.0000 e’
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25000

b
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1.0000:
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0.0000 10.0000 20.0000 30.0000 40.0000

Y 5 EF, AF Traffic Graph

times{zec)
S0.0000 B0.0000 70.0000 50.0000 90,0000

2ttt D20 == EF PHB 2%l A "lolg| & 31t T2l == AF PHB Z&=1 A 9]
O EE BofFEn vk, EF PHB Zei=i &2 izl siy] @ o) wet &
AEYS HAZET A
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O%Y 6 EF AF EafE A&/H 7€ 2=
EF and AF Traffics
100000
90000
80000
TotPkts
70000 . TxPkts
Ef-TotPkts
% 60000 — EF-TxPkts
S 50000 ————— |\ EF-Ldrops
© _— _— EF-Edrops
0. 40000 ——— ——— . AF-TotPkts
_— AF-TxPkts
30000 /////// — \\ AF-Ldrops
20000 —————— . AF-Edrops
10000 ——
o e B T
20sec 40sec 60sec 80sec
Time
otz = TS A& vet Z2yge B2 UEMA ZH ol
20sec 40sec 60sec 80sec
EF & s3] 9994 19995 29995 39995
EFX & 5121 7678 15178 22677 30176
EF Link drop 2316 4817 7318 9819
EF RED Drop 0 0 0 0
AF = s3] 14992 29991 44991 59991
AF A& s 21 4844 9847 14844 19822
AF Link Drop 9680 19238 28771 38304

X SEF/AF E==E H

A=

o

X

&9 dolgo) o5t EF S~ EZfE 2 AF Ezf g o] B35ty XS &
of A& St AF Fol =& H 21 39,9959 59,991 =2 2ot H 7| E 1319
2= AFE#I® & Link over flowoll 2 St 38,3042 RED & 112|F o) 2§t
1,84302 W2 2S 8 4 A3 EF Ezf=l2 RED # 7|71 ool Qs ZAoE 7
ol HE = Algto] ofF AQdti= AS & 5 Ut
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Al 2H8 A2AEE 7IHe vl

AN TleT HAE PN SUS BASA AABEY MAUST LA
5lw 0 PHB 29 A7 248 GFol A 28 7718 thAl SF st

Al EH oMo ALE s &12]E 2 Round Robin(RR), Rriority(PRI),
Weighted Round Robin(WRR)3} Weighted Interleaved Round Robin
(WIRR) 2A1&€d &gl & oltt.

NS-20 = =0 FE 354 TWH 7I12FQ AAIEYH R=+= RRE =
Z stAE T}
Queue

1%l 7 RR scheduling

PRIZ == EF PHB 2 2 0] £ 3 (priority) & 712 &o] d@sts # o
2 A sATh
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Queue

Priority 1

Priority 1

¥l 8 PRI scheduling

#set PRI schedular

$dsredq setSchedularMode PRI

#set maximum bandwidth SMB to queue 0
$dsredq addQueueRate 0 5000000

X 9 PRI Scheduling code

WRR EE 2t Holl 71518 888 4 Ach <E 9>oll A 7 03} Lo 22}

73 39 7HEXE A -&stal Ut
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EF Queue (50%)

FIFO

AF Queue (30%)

BE Queue (20%)

1%l 9 WRR scheduling

#set WRR schedular

$qCE2 setSchedularMode WRR
# set priority 7 to queue 0
$qCE2 addQueueWeights 0 7

# set priority 3 to queue 1
$qCE2 addQueueWeights'1 3

X 10 WRR Scheduling code

EF Queue (50%)
FIFO
AF Queue (30%)
-
BE Queue (20%)
Queue =& 22X E JH&BH0]
oHE RILBIO A= 3Lt E

O 9 2 EnQueue
= O OF ol= Packet=0| DropE 2 M«

1% 10 WIRR scheduling
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2] £ X7 AFEEJTE S HAL BAGQO E AESEY HIE HAFHS U
E}W Zlojtt. s1i} s20l 4] 80000521 A&} 715 X = AFQ EFZ] 20
212y 37H 2 FIe o AEFE Frolth
TxPkts Ldrops Edrops
RR 50027 23627 6335
PRI 50030 23564 6395
WRR 50026 24222 5741
WIRR 50024 18175 5773
X ]l 2AEYE dugEs @ S 2@t
Assured forward(AF) Class EzjE 9] Z} AAEY LA ES AT 73]
HriEge <49 6>31 Zr).
AF Traffic Drop
25000 z
20000 > . -
o 15000
£ 10000 o
5000 i
0+ TEﬂT L] = e

RR RR PRI PRI WR WR WI WiI
R- R- RR RR
Idro edr Idro edr Idro edr - -

¥ 11 AF PHB Class Traffic

Expedited Forward(EF) Eaig o) tist D18 =E <19 7>3 o] EAG

T,
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EF Traffic Drop

12000
11000 !
10000 \
9000 jx
8000

7000 \
6000 — I m:2

el [ S S T

packets

1
]

3000 V
2000 —
1000 —
0 T T T
RR- RR- PRI- PRI- WRR WRR WIR WIR
Idrop edrop Idrop edrop - - R- R-
S S 5 s Idrop edrop Idrop edrop

% 12 EF Class Traffic Drop

Y3 @2 ojo 2% #7131 REDFR 2 S5 7| HE XEoA ALS S
2AIEY daels o5 & EAISHA T

ldrops&= core} e27ro) EzH(bottlenect) F7toll A B3 @HEZ o9 9
s w719 i3S UEtWT, edrops= RED Foll olsi AMA =) 7] (early
dropping)® #3212 utetditt. = ldropset edropE 3l gt sig S~
Egg o & s3] sir|go] Ert.

Al O st S A AFE Fol 49 Augie MZE FAISHL d 2
2 3AIT e 2auxe 58 #rid EEE LHEd T

RoundRobin(RR) 2AIEE 2 T/ AE ttE Fol AF 23149 i3l
EF 22249 s zlo] AT et=
old EFEZdAold AE vt ulEe H3l d7]E ste e 8 4+ Avh 4
AZ H7IE A3l SES 14,981 szl 2 = SHAT AUATE. H AT+

o] EF9} AF Sl 29 Egfg] girjgs BT
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20sec 40sec 6Usec 8Usec
EF-Idrops 2944 5897 8849 11832
AF-1drops 2330 o900 669U 117399

E I2RR 2AEEY WH7IE HAH

Priority(PRI) ~2Al €Y & 7I& X (priority)ol &3 sizle A&t 18

=232 EF 2314 Edigo] 718 £97 = o2 g2 71& W] A8 A% 1, AFZ

2, BE EdlgHo &AE AEHet. dy g2 AF 2912~ E®| g o] 20,149, EF

ZH:H A= 9,8100=2 Aurt vigkth. EF E=i A7 A1t wet E71E &+

AstAl AF 25314 Egig Y #7717 solvbe AE 8 5+ AT

20sec 40sec 60sec 80sec
EF-drops 2309 4807 7307 9810
AF-drops 5149 10147 15150 20149

® I3 PRI AAEEY #H 71 SAE

Weighted Round Robin(WRR) A7 &£ & 2 coredl Al e22] Y3 o F712]

E Fol WRR 2AIEB & FE5lal 7IEAE tHE2A Fo] AlEd ol 5t
Tt 7FE RIS W@ et EF trafficol A& #7|E A &S 5 Qi AFS =
= st Q191 T},

20 ET We 7FEXE Bosto] driese 28E€ 5 U

EF E2dH4 7, AF 2 A2 3205 71EX & A48T & &4 g2 <& 13>

Zct.
20sec 40sec 60sec 80sec
EF-drops 1233 2474 3728 4989
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- 8 ¢ Summary

This paper describes a number of basic methods for scheduling algorithm
for DiffServ(Differentiated Service) model. Several scheduling disciplines
are analyzed, like RR(Round Robin), PRI(Priority), WRR(Weighted Round
Robin) and WIRR(Weighted Interleave Round Robin).Advantages and
disadvantages for each methods are outlined.

Scheduling dicipline used in NS-2(Network Simulator 2) is described.

In DiffServ model, resource are allocated on a per-class basis. AF
(assuerd fowarding) class and EF(Expedited forwarding) class have been
standardized.

According to result, RR scheduling dicipline is no available make a
distinction between AF and EF PHBs class traffic. This dicipline is unworthy
of DiffServ.

PRI scheduling dicipline can support priority of PHPs class but this
dicipline is possible die of starvation about low priority PHBs class traffic.

WRR scheduling dicipline is support priority by PHBs codepoint. This
dicipline based on weight also. Therefore Weighted based dicipline can
support many class of traffic without starvation of low priority class traffic..
And it meet the situation a incoming busty traffic

We can conclude that based on Weighted fair scheduling dicipline is best
algorithm for DiffServ.
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