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ABSTRACT

In this paper, we compare the performances of RIO and RIO-DC buffer management schemes for DiffServ AF
PHB standardized in IETF. For the comparison, we relatively differentiate maximum delay for each Assured
Service subclass in Differentiated Services by allocating bandwidth to each subclass differently. In addition, we
set the values of RIO and RIO-DC parameters considering the buffer size determined by the network topology
and the ratio of bandwidth allocated to each subclass. In this simulation environment, the performances of RIO
and RIO-DC schemes are analyzed focusing on the throughput of the In-profile traffic, the link utilization and the
fairness. Simulation results show that the performance of RIO-DC scheme is comparable to that of RIO scheme
with regard to the throughput of the In-profile traffic and the link utilization. However, under the simulation

condition RIO-DC scheme improves the fairness between flows much better than RIO scheme.

ARl DiffServ Ewl|glel] E=ag AREAL Z2

ILME o] A7l whasl DSCP7} Asf#|H, -2 DSCP
FeE 7R RE JPRSLS FYT W‘an 2]
AHAPE 278K QoSE BARE 4 ol A gk ole} o] vl ME e FEEE 74
o] glefdlel]l gk ~%=A4] DiffServ (Differentiated Engle 4o FAER BREth olem Z’z}
Services) H}A]-S- DiffServ Code Point(DSCP)E- ©] (Aggregate) 7Wde] wFUES o]
43}o] IP #)zlol| gt PHB(Per Hop Behavoir)Z- E9 = Ui Ul E$)=(Core Network)ell 23Hgh
* ae{ehstar Axlg-stat (hkyeong @korea.ac.kr) ** FrAAPgAlA T UES = AT

=S 0 010283-1015, AUzk 2001 109 15¢

Copypight (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



=5 DiffServ H}MAlol| 4] Assured Service®] QoS .42 9]%F RIO % RIO-DC HAle] A% w]w

o

s}AbA-S- zk51 7]&2] IntServ(Integrated Services)
o] FAH-E siAg & M‘;}[Zl- A|qk=l DiffServ
9] PHB H}A]olli= PS(Premium Service)el] 3lvda}
+= EF(Expedited Forwarding) PHB<®} AS(Assured
Service)el| s|*}s= AF(Assured Forwarding) PHB
7} 311:}”"41 PS+= ATM(Asynchronous Transfer
Mode) U|E9]=20l|4] A|¥-=]+= CBR(Constant Bit
Rate) £41°] 7} H8A(Virtual Leased Line :
VLL)¥} Akt 42| End-to-End QoS= A3}
3L AS+ PSefl nHlsle] AjFow Gt 50
End-to-End QoS X AAS Zx|ut v AE3Z Egy
EAE 347P,

U E o] AREAPA] UA 552 QoSE M
“sl7] flelA= A< A|oI(Admission Control) 2
&4t A|o](Congestion Control)7} E Q3}c} 7]E&2]
ATM U E$ T4 VC(Virtual Circuit) %2
250 AHME vl Z 3 AHEAY] ¥ Rate-
based Congestion ControlS- AlA|&}ol, 1P we)
A9t i Eo HelE A1 A2dd xew
=<2l RSVP(Resource ReSerVation Protocol)E- ©]
Fato] AHEAelE et vES A &5k WA
A & A’ DiffServ WHAlelME 2
9] AupelE A A e B4 At A
Ao} Hijle] dE|al glon, AS Exde] ozt
Congestion Control ®}gko 7 78l13} %lo] RED
(Random Early Detection)S- &+ MRED (Multi-
level RED) Wl So] 1% w glc} ®. RED wH
Pel e wssh A4S 2] Aol ol EAeh
W 5L e Hr|sle] o F ZHolE- Allo]
& 4 ola webd siZlEe] Hd A|AAZRE Al
&+ %= oJr}’ w3k RED WFAlS Drop-Tail H}A]e]|
A @ o] FRECA HzlEe] FAlo H7)Ee]
vES=e] =z Fe] gigt o] 8-f 8-S A
7]+= Global Synchronization®] +#|%-S Helslo]
“~&(Throughput) 2 &= o]-4-55 M 5= 9l
t}. olzigk RED ®A]el]l disird= WE F7lellA
F84 3 AlelE $I8F RED W4 3hs A48}
= vielkel g Art e

RED Variants

19

m[o o}

Single Avetag Single Average M’f;‘”gia‘:‘m Mulliple Average
Single Threshold Multiple Threshold y p(“ms) Single Threshold
(SAST ) eg. RED 1 (SAMT ) eq. WRED i WO, RIO-DC (MAST )

2] 1. AF-PHBE $]3F Active Queue Management Y2

Copyright (C) 2003 NuriMedia Co., Ltd.

18] 22] RIO(RED with In and Out) H}FA]-S- A}
f2lo} v EQ] = 7bel| ok&3Z) Traffic profileS &
8= In-profile #Hzl3} 13 %] -3} Out-of-profile
Azl sl M2 o2 AFl 7] 7S A
o vE®Z &3 Al In-profile A& AR
H3sla #4to] ¢l 7d-9+= Out-of-profile 7=
< o83l YA o85S AT A 5H
o2 Algk o'l Z, RIO Al 7 ol A
A% In-profile s|ZE2] ol whE it F W
In-profile HZ5°] + avglnol w2} =28k=
In-profile sjzle| =7 #H7|& AAst, FHF F
W AA HZES] 5 ave— totalol vl EAER=
Out-of-profile {712} 7 7|5 A} 12
32 RIO-DC(RED with In/Out and De-Coupled
Queues) WA In-profile #zlel] dfgh szl 7]
7152 Folsh}, X3sl= Out-of-profile  j7le]|
s F el ##A=l Out-of-profile |71 5-2] 4|
w2 Hy F W Out-of-profile szl 52| <
avg— out?}ell @2} Out-of-profile 71| |7l 5
715 ZAA3’}l. 3] IETF(Internet Engineering
Task Force)ol|4]+= RFC 2597¢j|#] #|3t=]l AF PHB
°]f€l- 18] 12] Active Queue Management 2]
% WRED(Weighted RED) H}:]3} RIO H}A] o
Bé’% 7] eRgElelA e gl 7] =9
7+ ES fAACE WEE 5 gle HigH
QA= 5L g)2m RIO-DC H}A]of| disir= ol
b7b AAE A e Qe gl DiffServ W
Aol ASE AM83H= TCP =04 Minimum
Rate®] QoSE ®ASH| 9lslr= A4 Aoz} 2
Qslar AREAPF A2kl In-profile 37l Efd]of
3 B 2 58 wAo] eyEg’ g A
% Aozl a5l AF3E ol In-profile E)= o]
g 83 =z o]l8-ES FUis A 4 e
W ghe] el dfsiMs of=] sl A] Al
w2 ek

B =ol|x]= IETFe||4] DiffServ®] Assured
ServiceS- ¢J3}e] Algksl AF PHB2| w3 2] #}
A& % RIO ¥ RIO-DC w9 A58 vlx %7}

S ‘u[r. Jim
:.é

{
|

> ol 2 o
1)

P (dropIn) P (dropOut)
A
1t -—— 1 R - -
|
1 ’
>
1 SR A"
!
SRS T
§ |
7 . SoEe ey - =
min_in Max i avg in min ()ul max_out avg out

3% 2. RIO-DC ¥ 3kz| H4)

343

www.dbpia.co.kr



h=-E418}3] =-4] 024 Vol.27 No.4C

&llr}. ©]= $]8ke] Assured Service®] A{H. 2
2R Fidsls oo v|&-& Apasisie] AH
el HAsh=s Hd AAAZRE AdFeR
2153} sjdc) mgh WEY = E%2 ]9} Assured
Service?] AH. R oty = t]Zo] v]E
of wel AAE= Wy Zr]E 7IECSE RIO ¥
RIO-DC W}A|o| W= 7k AA st olzlgt 3
o4, In-profile EzZol] gt 4§, Y= o]8&
E27 FHAE A Ax=R 3l AR F
ne] g vlasigleh & e AL ohe
} )l A 2 AHelMs ASe] 2Rl &gl ulE
I0 2 RIO-DC H}A]e] w4 A HRRES At
‘:}- Al 3 AL AlEdeld Ed % Av= A’k
= W A7 ks 443 RIO W RIO-DC WA
9] Assured Serviceol] thgl In-profile EzfZe] 4=
&3} B3 o] 4-F 45 F53h] RIO-DC WAl
RIO Ho]"/gl E—‘;}' %Hc}“\:l —iiﬂ- 'o é é'a _11701—
S-S xHolch Eo2 A 4 Aojlx AE2E 9

3] °E:-‘ N‘E

~

2
T

o}

rlr m‘l

=

. Assured Serviced Cigt RIO-DC
YiAo| H MH

DiffServ HFAlol|A] A% AS In-profile #719]
Eoe B4E APt v HE AEE 4, 2
Ho A%F po} AF8xle} 1A% DiffServ ww
qle] gl 2l$-Ej(Leaf Router)ol] 9= Ee=] A3
7|(Traffic Conditioner) W] %3 vB]Zl(Token buc-
ket)e] =7] ¢} FAE BAE Zo]
AR saw PR B2 wzle] 37)9) AS
Eds 4% ] e AT B olie
AS In-profile H|Z52] Ee2] EAjo] uje} AS2]
j oA A ool eishe dldEe] okg
Over-provisioning factor ;73 ARSI pur 2
ARspd A FeaEE Algshe #H 2dA7
& Aden AEaE 4 ook F AW ol
AREAY 88k B ASE ol diE] AE F
A el delEe s A e
2 A AHd AAAZL, dop s T2 ED
5 ol we} Aoz A5sp} ol felack

t,=(p,—r)l.=rb-Di,

/(msec)2]

b,=p,/r,

_(nb—un),

1<u <b if u =5 then PS
A, ’ )

max, /

o <p, dp, >4 (1)

‘max, /

Copyyight (C) 2003 NuriMedia Co., Ltd.

\ y Diffserv Rouler
- \/
in profile packets /! < au Afu(

& oy (5L~ RF..:)

BS queue (RED) ‘ /

Out of profile packets

/,
/
/

L, =Ly, —Rgg,)

a2 3. YEYa EX2AE
o] AS Edj9)

2238k DiffServ  2}$-E{ol]4]

E =rollrs Adwel HeA) oy 33} zEe] 9l
oo uE ZHe o] AS AM Fe~E w3}
o] RIO &= RIO-DC WS AM8ah= 3h}e] AS
e 7Sk g 191 AE wEs|R gt
tl &, ASol| disl Hd AFE 0 HYEHE S
3}e] Over-provisioningo] $1+= 792 183k 7o)
t} AS Jfolli= In-profile }Z1E3} t]Eo] Out-of-
profile s§zl5e] A wARgich A(DEFE At
k= AlzElofA] AS ARERIA] HABR= QoS
In-profile s§Zl15oll thall (5,—1)7,2] ZH #|AXAZE
o] ¥}l 28 32 DiffServ ¥ 2}$-E](Core
Router)®] U|Ef]m EZFX4|E w83 718 PS
o2 ookl =] e A5 AS7F AHE- 7}
5% DiffServ - #h9Ele] EHuzm d|gFS
L2t Aejsiadet. w3k A7 w04 PSell &3
Z250] BA (Behavior Aggregate)e] thal ofeksl
ARES R, B & W AS Felj2ot AN 7hss
=4 U9EE Aot 2ol L& ALl
U3 WA ew 53k DiffServ 2hpE|9t A
R CIRE I EE Rt IR EE S
2l 2 3= o] DiffServ 2}9-E]el|x], AS =]~
7} AR 7Fsd dY9E L= A)E AHoE) o
25 AQ)elA A, VIENZ EEEA|C o
& 2hEl] EdgEat SHUYE k] vEE
veblar ZF R, 8 B R, 2F Rt

=1,

=Ry . Ly =Ly = Rpgy

\J

Ly, » A glEe)=ze4] PSgog ofoksl =1l
o] 9l A% AS7} A 7Fss U9 S
Ry, A slgal=ze4 PSgow dlofdl =l
& @

www.dbpia.co.kr



=4 | DiffServ 4} o4} Assured Service®] QoS A2 $]&H RIO @ RIO-DC H}A]o] A% w]a

ZL: zl‘w, _ZRP.\'.1 ZLO./ _RFS.k o
1 = J=1 ey Jj=1 _ =l R
op = = s Rps i
L, Ly =Ry, L,- RI‘.S'.A' J=

]
]

3

AS  E#Ze] Out-of-profile H7l-2 ARgx}2]
TCP Eszjjglo] HRAF= FHZ o] AMSARR}
A%l DiffServ =wlgle] sl7 2h$E]e] Traffic
Conditioner Well o} gli= BF9] ofnwr} & 74
o] Wbl In-profile HZEL o} Q= EEQ
o Rl EElY] EHEa d9Es
In-profile FZ50] o o] 83 4 QU=E slof
8p7] wiitell,  =ellxli= DiffServ 2}-9-E{2] AS
Foll4  In-profile 3{Z13} Out-of-profile 7l 5o]
e wE Iz =Z7]e] HaEel H|eol
1:8(8<<1)7} H%E= RIO ¥ RIO-DC W5 #e
AdAgkc) whek DiffServ 2RE]S] AS  FfellA]
In-profile #7137} Out-of-profile ZH7l5o] *A=]|+=
w3 F7F Z719] JoAQl vlge] 1a7F HY, &
Hel 76| tfsi4| % In-profile #7132} Out-of-profile
A5l 149 vIERE EHY=a d9E L,E o]
434 = Aotk & Inprofile IS
Li/(1+p)2% WdFEFs o]8skAl =i Out-of-
profile HAAEL L,B/(1+p)°] HIFE o431
Flrh =gk AS Foll4] In-profile 3|73} Out-of-
profile FHZ1 o] Ax|eh= W= 3+ =719 HF
Ael HlEo] L7} HES 3] fside 2@}
ol p5 ¥ AHEAAEEH 2HeEE A3t
FE2SNA EAESE InprofilefZ71e] HFHE
E9] 3ol L,/(p(1+ /)9 dgEs xostx] o
E% gljof gk

m

fr

n L
k

wn S

,U/ir,b,[,- < L b b
P (1+p) (4)

DiffServ W2 Z2¥ Ar e AAEH|
dongd olelo] Azt Pk o] ol A3t EE
=9 H2E Aol & F HANH /i 2E A3}
w, 1§ 33} Rl 7} 191 e AS o Y-
x| 2heElE Ak wll E2EC 98l oA
2hE SR E et 23 7153 Inqprofile I3
=2 HujERE A% AlE sl L/ +p)] o
AES  BF ol AR 2@ 3ol

Copyright (C) 2003 NuriMedia Co., Ltd.

L max Limax/ ((1+ B)packetsize)7} =31, Out-of-
profile A 52 Ho| =2=RE BLLb; nac li max/
((1+ Bpacketsize) 7} ok 714 b vax s L max
e Ak EY HRE b, LT T el B
2 AL ek aeE|la 77t o] g3l A
AEe] o LJ/A+A, LBIA+RA s
T(= 1 max )& ASTHl HHZ A == HfzlF
2 HAAEO]  Lp(bimac =1 i max/
((1+ B) packetsize) 7} =3 Out-of-profile |7 =
& BLE(B i max — 1) L max/ ((1+ B) packetsize) 7} =
o} aeuv dubgeg A, ke 1Mo IAY

=

In-profile

ff

aL b i, max —‘;’—EHE Z’}":}' EE]-E‘—A‘] A T(mol b i, max y—r’}'
2 7Sl oEet &3 7153 In-profile i)
=9 HNEE LAl i ma/ ((1+ B) packetsize) 7}

=, Out-of-profile B AR Zt)ere
BLi A+ opl i max | ((1+ B) packetsize)7t Hck 12|51
v &QF ASTFl| FHE dA Hi= oF2 In-profile
Z1E0l Li(A1op— 1) i ma/ ((1+ B) packetsize) 7}
%31 Out-of-profile HAELS AL, (A+0p—1) {; max/
((1+ B packetsize)7t ¥c} o] o) A=
RIO 2 RIO-DC w3 2] uliofa] RBFx|ofo}f
k= Hzlefolct. g RED HRA S ZHE] RIO |
Alof|&] max_in 3} max_our 2 In-profile 72} A
AR Fo] Z7t A o8 7Fss’t Wy =72 dA
&3, RIO-DCHAel|]  max_in3}  max_our . 2
In-profile 3713} Out-of-profile IHFl5o] 74z} Z
o ol rFsdk W3 =)z A’ wehy
RIOH}Aof|A4]  max_inx} max_our O- Ajnﬂo] b max
Bel & Avd 2B Llbgae— 1 ine/

D

£

((1+ B packetsize) <+ (B 5 o — 1) L]
packetsizeZ. 433}, Arp®] b max BT} 2R
Cantis 27 Li(Arop=1) Liman/

((14 B) packetsize) 2} LiArop=1) i max/

packetsize® A3l 12]3 RIO-DC  H}A]9]

& RIO WA Pa, meow 4, o]
blﬁldxi‘:]- % 73—?—01] BLk(bt_max_l)li.max/
((1+ B packetsize) 2 AABIAL 21,01 b max -

D]' 2_}-_8_ 78"?‘0“'1‘3 BLI?(ATM)_I) lx.max/
((1+ PB) packetsize) 2 A3}
RIO % RIO-DCH}A]e] W= U

gke] Aol glex] Out-of-profile |zl Sl i)

345

www.dbpia.co.kr



L E A8} 3] = 5-2] *02-4 Vol.27 No.4C

A7 o717} AAEHA o] Foi# o} In-profile HFle]|
gk 8o BAE 5 Qo Wit 5 HelE: AA
A A8 5 qlrk w38E Out-of-profile 3712
P o] 8- FHoA w9 F83 aolmR gt
2 3z o]4ES a3l AlEEolol
In-profile |7l 5e] shte waelA] = AHES
714 81elS- wl Out-of-profile #|Fl5o| ZH&=
BF o]4d 4 glojof ek A(5)= ol=d A+
5 aesle] AREEs ke veRd Aok e
3. RIO% RIO-DC HpAol|2] A|(S)el|A ]+ pgk
3} PS olof AiEkol| uwle} AA == max_ou Wr}
A max_out-S AAgchH Z7}3E Out-of-profile
HZEZ <ls] In-profile sjzlo] AAS F7t 4
719 4 2o, 2 AAgeh 83 o] 88l e
& 4 g} =3 RIO WAl Ha AHA 7l
avg — totaldl] 2}3] Out-of-profile #|z12] #H|7]5 2
3ol ulz} Out-of-profile F|7l5e] ws ks
Azl pgrel Bl Ml =3A AR A
In-profile Ezf¥ 80| WAFEA] o3& 4= glon],
RIO-DC  HME  qug— totalBX} 2R I4F
Out-of-profile #}Z! % avg— outoll w2} =%H L
2 Out-of-profile  #|Zle] #Hr|E AAs|=Z
In-profile EzfjZel] i3t B35 F#Ho] RIO WX
o} $elcha @ 4 qlek

fo

e o

5 L.t - (].I‘A.bvnxa.r = — laf)

v TR packer _size  p1,(1+ f3)- packet _size B braes — H
_ Lyer LA, 'y o
s TR packet size u,(1+ fB)- packet _size . Py — H

Az o7 DiffServ WMo Hd HAFE 5
Q- 8h= Z=2o||A] Over-provisioning factor ;5
Zh= AS ABZezeld  prf] HREE Fdst
o (b= p)lf 2 K AQAAZE A3 918
A& DiffServ 297} WESIZ EE2A9} PS
ok Aplgpel o8] AALE ggtell whe} A4 Aol
2 FasjoF gch 1e]a RIO ¥ RIO-DCH w3t
2] whAlo|A4]:= In-profile #HZlE53} Out-of-profile
HAAENA g Wy zZlel] wep mecmz)
max_out 1)1 min_n7 min_out 58 AA o} 3t
c}l olull max in@] Z-O- In-profile Ezf]e] [l W
¥ Z7)e wE AAAZRE aeiste] RSl
max_out 0] 7o 23 o] &A8S wHFpFreE A

A3}l min i min_owo] 7FE I FF Zo] =

Copyright (C) 2003 NuriMedia Co., Ltd.

vsle] AAE=d] JdubR e R max in3} max_out
°] 172 gko= A%} [9]. RIO ¥ RIO-DC 4
o] W gk AA Ak dele] 4 E ZE AS A
B3 zol sl Aejshd Ei1F} ik

F 1. vEYa EZ2AE 23 RIO ¥ RIO-DC H4
g

ta:l: Aézégl-(bi.max<AYap) gzégk(bi.mxzaTnﬂ)
LB uax= 1) e LBy =)
#(1+ P)- packet size 4,(1+ B packet size
ﬂ = y—’ ﬂ:i
b — H, Ao Hy

Lk(ﬂ‘lap i 'u/ ) § ll.mnx
U, - packet _size

max_in

max_out | Ly(D e = H,) e

(RIO) M, - packet _size

max_ out B-LG ) b
(RIO-DC)| u,(+ p)- packet size

B-LiZy= 1)
41+ P)- packet size

min_in min_in = max_in/2 min_in=max_in/2

min_out minoutmaxout?2 min out=max ouf2

. AIS3o|M e 3 M5 "o}

2 =Fellx:= DiffServ WHAle] ASel| thgh fu]
2 AF Wle A AB ZH2HE FE wE A}
S3har g todFe] & zpEsislel AH
S vl Hd 2GRS AR eE
AH-2} 3kdck 12]al In-profile Ez¥ol chgh 4~
&3 =z o]8EE FUst AH & U=EF:
In-profile EzjHell g=l= FHYa HIFe] =
717F L (e(1+ )7t H=Z F& A7t 3%
A48}k slollA WESm BEE24] 9 ASe| A F
e ddEs djgEe] os) AAH:= HH
27ke] =7)e] wle} Fis} 7e] RIO % RIO-DC
W e sk Weke AAERIch B =F

Az p7b 191 3ol AS Au Fefjarks west
o] AlEHolAdS At ¥ TCP AF ==

EZS 285k vES|=eA TCPEZe|7A] Mini-
mum Rate®] QoSE ¥ASl7] $slA]+= Traffic
Conditionerel]#]2] Token Loss WA= &|ZAsfo} 3+
] Token Lossi= Traffic Conditionertjol] o}
Qi EFo] gl Estar At 3zl of
g Ack7b EESR] ool EZE w7l W] Eo|
FAEE JAor o2 Qi $Al IAEIRE

www.dbpia.co.kr



3=/ DiffServ #4}ol4] Assured Service®] QoS ¥4-% 913+ RIO 2 RIO-DC #4¢| 4% vl

ARgA7} Alekst Ha A48 In-profile Ez
of wsll EabA Eeh wep TCP Ezell)
Minimum Rate2] QoSE HA3}7| ¢]3l4]+= Token
LossZ 7}53F &k oA|3}e] In-profile sZlo] AR
27} Aokt P ASEe] A FEeE A
=2 3}, Out-of-profile 7%= # 43+ Token
Loss2 It B ASES] £AS BAE 5 Y=
S HHAYEEEE o jith o]E AAIR UEH
3 e ARdhe 228 37 AEEH
A AE5E 5] AEE v R B I JE
& dgska 4 AolE FasRe Zolck

7} 441 32~E°] RTT(Round Trip Time)7} A]
2tz eheun Azdl et A7 Hvle) b
2ol Sz Hop w3k o2 AlSllA= Afidhe
Hop 47} & $2E%+ RIO ¥ RIO-DC2] 37l 7]
ol 93 #H71€ 7FsAde] 23, RTIVF & 34
= A dd7])9] 3322 Token Loss7} A4st 7}
0] o =zt & E2ES] EdY UdAFe] B
T33HA gt ol2gt $AelA] FA ZTAERNE
Token Loss glo] A&7} AR Hd AEE o]
o Edslo] WASA she e FFAem
U T AFES ATR o] 32EFe] 8
< 7% Hop 2} RTT7} & 3249 In-profile
Eoj%] s RTTS} Hop 47b e 5ee)
In-profile Ee|¥] kS FdaA 3= ZoeR
olell #3 A7} A Foll Ui B =Rl
= o]2|3F Token Loss WAol| th3l 3|25 =&
3R] Rl ot 13laolxe} o] 7t FAl IAE
°] RTT % 73z Hopse} ARt Hd AEE
#4=8-2] Traffic Profile2 =U3}A 3},
= 32~E9 #53 Inprofile EzfIe] A 3
B 2 F27F $%AS A3kl Token Losso|
A 7FsAE HAsRlg adds UESE BEER
2AE aEdle] A Aozt FE AFSE slellA
©] RIO ¥ RIO-DC W5~ A4 wilel| gk 455

A3 91k AlEEeld g viehick

I4e ElAAM b @] AR 2 duHy
) 735l sl RIO % RIO-DC W< AA uiqhe]
Ass Frisl] A%t AEEHeld 22y 4.,=3
o1 73$olc) 13494 Elx} E2 2H$-E]= Diff-
Serv g7 2}9ElS el C1-& DiffServ -
2H9ElE Jepick 7 $4 3AE 5,2 e
2 345 4 32~E RoAl ¥ 0.266Mbps,
3] 1.064Mbpse] ©lo]E]=
3Bmso 2 73t A(D)EHE] EE Bl =]
t= 27packetso]|3  HFE=  packetsizer= 125
bytes2 AA3lct. AH o 107]e] 3258
2E] %7 2.66Mbps, ] 10.64Mbpse] Eeo]
12Mbps HAE T3 Hot B d3 oS
ClzhsEle] EHHA L0l 4Mbps2 A3
Clepsele] AA| ¥3 =7]+= 350 packets® A1A
stodch wleby] 234+ aMbps dj9 %o WE g3
of| 2.66Mbps®| H HF-E2| EHo] FIElnE
£ =] ZERE 122 TR g3kl weh 2
23z ASel djs] A& Aoy} FaEl Ak
ehfich 184e] WEL = 3ol C1 Wiy =2h§-
E{el] RIO ¥ RIO-DC W& A7 wkehe A4shd
bimi= $A 32EQ] Hd| HFES YA HLE
25E] 42 A RASH= FHd AR 4]
(DE2HE] O.dsec7} =3 87%+= AA B3 Hy
7t F7)= FIEYE 266 packets7} Hckh 2]
1/22]  p3tell w2} In-profile 7152 178742
3 374} 2.66Mbpse] P E2, Out-of-profile
712 887°] wug7kt 1.34Mbpse] tfHE-S o]
4352 RIOS] max_iny} max_owr S z}z} 1783}
2660 % AJAI3}e] 3, RIO-DCS] max_our & 883 AJ
Aatdel? 1L g E13 E2e}9E]el-E RIO w}
Ale ARgERY §lE #a g Ze] 24 Fa diy
Enct zo} wino] Fzlo] o} 9lx] owvz A
A5 RIO W< 3t W 3k wed3hA] Yol

.

[

[}

A= L=
AFIL e

1.0684M DiffServ Domain

7} 44l $~EX TCP Renos AM43}7 RTT
+ l6msZ AA3}girh. RIO % RIO-DC HHA]o)|

1%
R

i 1.08aM
! ! Ore
TcP |

i s
sources | b E > Qs

| A ABEE wl e Inprofle =g
| s e 2 i O re

Lo mpe 4% 5 Qwo  Outof-profile Ezj=jel sl F5402 0002
All sources start to transmit ~ Sn @“““’@ An RlO paramelers at C1 Router ’%’— *}%’3’]’%{1 1%2—0’] P e I”}' Pirax '011,-0—1 Zl'%

min_in =89 , max_in = 178

simultaneously mean rate 0.266M

min_out = 133 . max_out = 266
peak rate 1.064M

77} 0.029} 0.058 ARl ¥ o=
oA AlgEHelAd Al AA=E 7t W e e}
02l 4. RIO-DC ¥4 A wigbel] gk A Eae)d =l H Zlo|ch

Copyright (C) 2003 NuriMedia Co., Ltd. 347
www.dbpia.co.kr

RIO-DC parameters at C1 Router
min_in = 89 . max_in = 178
min_out = 44 , max_out = 88



F=EEA 818 =% 024 Vol.27 No.4C

F 2. 234olxe] AlEdeld W A4 @

W | 7, o |buffer size max_/n | max_ouw L 8
RIO | 33ms |350packets| 100~266 | 190~350 | 27packets | 1/2
RIO-

e 33ms |350packets| 100~266 | 12~172 | 27packets | 1/2

8 5= aEl4e]  ClekgEleld RIO %
RIO-DC W= max_inz} max_owre] 7z} A= Zkol|
ulebd 10742] $41 ZAESRRE] 10027 =3
3t A In-profile F|H2] S} 3=l Fzle] $7}
oA Walsh= A& el Zlo|rk ad5e] A3t
2 wel Aoyt wleg AAF RIO W4 3t
max_in=178z} max_out=2660c)|4] Easl= A A
In-profile EzjZe] ofo] oF 2.55Mbps=A] EAHH
In-profile Ezfj¥] ko] ZHuliglel] wi$- 4TS 2
g 4 glrk ¥ =ARE In-profile EfE]e] o
o] ExjEl Eg¥le] ok} Fol7} glovw
In-profile jZlell gt 717} whAlslar 9lS-3

265000 - —a— arived Intraffic (RIO-DC)
—u—0— @ departed n traffic (RIO-DC)
& 260000 —w— arived Intraffic (RIO)
2 & departed In traffic (RIO)
8 255000 '\_’\ N
5 ..
T 250000 : }' X ’\
3 '\ X-
g 2450004 ’/ \
] \ \\x
£ 2400004 PN
g "
Ez 235000
< '\
230000 —————————————————
180 200 220 240 260 280 300 30 340 360

RIO : max_out (max_in=178)
RIO-DC : max_out+178 (max_in=178)

1% 5-(a)

>\’\
T B
L |
T W
o
7

245000 | [DAGT by

—&— arrived In traffic (RIO-DC)
@ departed In traffic (RIO-DC)
—A— arrived In traffic (RIO)

¥ departed In traffic (RIO)

In packets at C1 Router for 100 sec

N
P\\\’.\

225000 T T T T T T T T T
100 120 140 160 180 200 220 240 260

mex_in
(RIO : max_out=266, RIO-DC : max_out=88)
25 5-(b)

a7 5. ClekeldA] 223 ozl

2 Eo o
Copypight (C) 2003 NuriMedia Co., Ltd.

QliL A|QkgH RIOWS ghol|A] 7+ 3~EWz 9
0.255Mbps2] In-profile EzjjZlo] ubyslo s
0.011Mbps(4.3%)2] # 4~ Token Loss7} A3}
718 <k 4= glck RIO-DC HMAel| thsfixl A
I RIO-DC W4 gt max/n=1783}
max_out=88e]|4] wAs= 1| In-profile EzjZ
o] ofo] Aaket RIO W4 FHellA] RIO w9 =
okt BEFE & & oleh a6 Clehielol
4] 7} RIO ¥ RIO-DC Wi A 3lell we} 53t
2 A AR 5 % P2 ol8ES ehich 9
6221 E] AR WAleg A RIO HE Flol
2] eF 3.995Mbpse] Efjgo] F3}3}le] 99.875%2]
9z o8BS e, Heighel oS AT
selg 4 glckh ARkl RIODC W4 Fhe 9=
olggo] 71 e WA ksl Wl Sk o
3.968 Mbps?| Eefjjo] F3tslo] 99.2%94 2= o]
4524 AR Wz 443 RIO WA e A%
s Ae] 55k ok 5 glrk Twse} 6o

ol

AT

¢

400000 -
399500 "o\.,,.—'~0—04070f0»-»o\,.,.
299000 P~e

8 sm0] /

8 398000 ) /

5 397500 / N

gomo] [0

- F L] 3 | B -

§ ases0] J i i g R "y

& 396000

w® 395500 4 [ ]

8§ sms000]

D amso0] a8 departed total traffic (RIO-DC)

T ool —e- departed total traffic (RIO)
390500 +F————————————————

100 120 140 160 180 200 220 240 260
max_in
(RIO : max_out=266, RIO-DC : max_out=88)
15 6a)
400000
o000 0 000 _ o o o83 o
/ L u

g 3980004/ N

£ .

e .

%’ 396000 »

g - -

g -

5 394000 A

® = departed total traffic (RIO-DC)

2 —e— departed total traffic (RIO)

% 292000

<

a

-
390000 Y )

B0 20 20 240 260 250 a0 20 340 30
RIO : max_out (mex_in=178)
RIO-DC : max_out+178 (max_in=178)

25 6b)

a7 6. CleFeEelA E319 A4 A7 5

www.dbpia.co.kr



=¥/ DiffServ HHA]ol|4] Assured Service®] QoS %A-S- 913 RIO @ RIO-DC b4} A% wu]ar

120+ f1
| 1
o] il
g 1 ‘AH“l f ||”‘\II|1'I'H ||| I""( ‘
g 8”": yh l..ml I ul “ ll} i I'J ‘H’ "'
ol
§ ."a‘} T '. ;
& 4 |
g |
L avg_in
o avg_out

Time(sec)
(min_in=89, rax_in=178, min_out=44, max_out=88)

a2l 7. Clake]el4] RIO-DC wHle| H 5 Zo] w3}

£ A%Alolrh sl Ak sl Al RIO
RIO-DC 4 gk 47 u&o o Aaslo] T wHo]
ol oeSeiE] Easks In-profile Ew
o] okt A4 Y= ol8ES Fois AL 4
olar, wepr] EFR7E Alshs In-profile Exi 4
e ek A7 2lge)

ST ciRl4e) ClRSEGA Ak RIO
RIO-DC ® A4 ke H83t 49 5 WA
Gl 1070e] 441 ErEmeye wAshs ANE
2 Q13 AT Fdole] Wk vhehiick 7R
B TCPe| WEdl U4 S5 nE saEe] £
e ubAlo] Holale] Hat 57 AHolo] Wt
& o 4 ek 22l RIO W43} RIODC
Alo] aqugm®] W37} A2] 2olsl g In-profile =
Ao sgol ojat kel el BEFL & &
o3, - WA et avg— total  avg— out3TE°)
min_in) min_owe] gk 9|7 fAHo] Yzt o]4
& A5 FETE o 4 glon), Inprofile 317
7} Out-of-profile #Zlol| sl min_in 2] min_out of]
2Jgk 8549l Early Random Drope]| WHAgHS oF
a4 olrk 2382 Aokl whr]eg A3 RIO ¥
RIO-DC W5~ gh& A-83F F whHellA A58 &
43 7t ZAE o wg} R2EAEVE 10027} 4
Algk In-profile byte 5 viepdich. 2o} =l A
7He 0.1%224] 18149] 0.266MbpsS- H4dh= &
2~Eo]| o3| In-profile Ezfjel] gk o) 4
byte = 3325000bytes(0.266Mbps)o]c}. —12]82]
AzzRE] F ] B A 32E 5 Aoe)
X AlekgE Hit HAE5EREe] 541 byte "F—% ve}
=] F&l= 2 Token Loss7} wHAis}lar S o

1]

NE

Copyright (C) 2003 NuriMedia Co., Ltd.

3400000
®- RIO-DC : max_in=178, max_out=88
3300000 - - ~—® RIO : max_in=178, max_out=266
§ 1 Ty
8 e
= "
& 3100000 \
& 3000000 \
® "y
8 4 I
2 2900000 -
2 2300000 o
; . ®
£ 2700000 -
3 ]
£ 2600000 =
2500000 4 -
T T T T
6 10 12 14 16
Number of sender hosts

a2l 8. #4l 34E o] npkE R23AES] 424l In-byte
T 9da, 2 el a7 Bl A} Fe]
avg]ni’]- avg— total (wg~0ut§k9] %‘7}"’" ‘DH% Q"&
# gl Early Random Dropell °J§k TCPe] %14-%&
91 lo@ o|aFick isel ke wxl A
Ao ke daa T oule] Aol 107 B
B 4 olsjeld EETE ¢ 4 U FE 4
2~E 5 1071714 0.254Mbpso]A-e] In-profile =i
] 840. 011Mbps(4 3%)2] Token Loss)o| A%
& o 4 ok wah T o] nF 48 ek
_xLE%’J JIXE 7H—rL 10705 Z3}spd ln-proﬁle
Ea“jqol :'\oo] 7L1\7} = vl ‘}F“Q‘ B.E& 5‘-"1-31-
7 9olli= RIO HH4]o] RIO-DC 4MA|¥t} In-profile
Eojmle] gol ¥rhe AT o 4 alck webd
o) ws AN ggtol wek slol) A 3
T #4E 0.266 Mbps= H4sh= 10719 3~E
o %7} Ao 4 S & 9ok
% 9+ ave— total®l] 2]+ Out-of-profile |7
of Aoje] efw WSk RIO WAle] FAIEE
bl Aol walmal 1zlaste] dolte
7§41 A 102 AR dolE A4S A
zgl=  Zlo|rk. RIO HIAlE  qug—totatoll  2]3H
Out-of-profile #|71e] #7]& ZAAslra o]l A
=9 A2k 44 3~E R HE]2] Out-of-profile
ol - 2kl Cl1e] ¥#E AlLkE gate] vl
& Ho} 24 AR A9, FHell S AR &
2-E°| In-profile |7 E0] AAA7E AAY S
A A% dArld & e A4S Hz e
QoSe] #J} U E=2 7ol B-yso] HhsHA =
t}. 22} RIO-DC H}Ale- RIO HIA®|  qug— total
K} 2RS4+ Out-of-profile -‘HZ\ T avg—outoll
w2} 2## o7 Out-of-profile #7l2] 7|5 ZAA
sl 9]e] RIO WAle] wAdS A% o+ 2k

25

3} 7,

o >-i ofy

).

349

www.dbpia.co.kr



AEAI8}H8] =57 '024 Vol.27 NoAC

P |
sources |

Sn @ ~O an RIO at C1 Router

inkil min_in = 89, max_in = 178
i gls .o min_out = 133 , max_out = 266

Sistatsatt=0
S2starts att =10 sec

Krate 1.0
et et o RIO-DC parameters at C1 Router

min_in =89 , max_in = 178
min_oul = 44 , max_out = 88

SlOstansaHZvQ- 10 sec

33 9. AS EE7] 394 BA| tfE AlEHeld =d

—&— RIODC : max_in=178, max_out=88
®- RO : max_in=178, max_out=266

I
-

I
..
*

I

IEIEE
1

Received Inprofile bytes for 50sec
3

1600000
o
1590000
1580000
[
1570000
—TT T T T T T
R1 A2 R3 R4 RS R6 R7 R8 RI RIO
Receiving Host
(1662500 bytes=0.266Mbps)

2] 10. 28 994 ZF $AES] 5027 54l In-byte 4=

71210 RIO ¥}y RIO-DC HFAS- 43 7$
7} 32~ RloA] R100] A52 H o]FZ 50
27t 42138 In-profile byte®] 42 viehil AFjo]

o} 23]109] Z3}=4FE RIO HM% 12199 37
oA HE AR Az Feld] wWE ERZE
In-profile E#j|¥] 82| ¥HAS FA5A] 3kt
RIO-DC & RIO wAluch gel 394 #
A% % glo} Inprofile Eehel it ®E 5]
RIO vMAHT) $=palcta & 5 9lvk

V. 2 8

B =50 [ETF|A DiffServe] ASE $]3lo] A
9lsl AF PHB¢ w®|s| 32| #4]E 5 RIO )
RIO-DC 9] A5 vl Frisiict ol 4
slod ASS] My ez dREke dqFEe) v
g9 apsiele] Ay Fejrwz BAEHE Hd
ADAZRE A es 253 gk =3, vE
92 EEex|e}l ASS] Au FeHe dIEHE
teiZe] nlgel| wel AREE W 21 F
©F RIO ¥ RIO-DC ¥}Ale] Wi Zhe AAsiy

Copysight (C) 2003 NuriMedia Co., Ltd.

t}l. o]2lgt 3dol4, In-profile Ezi=ol| i3t
%, 23 0|88 ¥ ZT7 THAL A xR
slo] AlokEl F whale] Ae-g wlasisick A1EE
old Aile Alglsle WS AA kRS A8
RIO % RIO-DC H}2le] ASef tigh In-profile E
g a3 Y=z o]4E AT I
RIO-DC W2 RIO W] Hr} 3 E27F 3
PAL BAg 5 S sk AdHe=
ASoll HiZF A& Aoz} 3=l A SfellA Ak
3 W A3 wieks 3431 RIO-DC #4je] RIO
A wc} In-profile Ezfglel] djgt & FHo] -
F3icla & 5 Qo

g R

o

[1] M.Carlson, et. al, An Architecture for
Differentiated Services, RFC 2475, Dec. 1998.

[2] Xipeng Xiao and Lionel M. Ni, Internet QoS:
A Big Picture, IEEE Network, pp. 1234-1250,
March/April 1999.

[3]1 V. Jacobson, K. Nichols, and K. Poduri, An
Expedited Forwarding PHB, RFC2598, June,
1999.

[4] J. Heinanen, F. Baker, and et. al., Assured
Forwarding PHB Group, RFC 2597, June,
1999.

[51 Dovrolis, Parameswaran Ramanathan, A Case
for Relative Differentiated Services and the
Proportional ~ Differentiation Model, [EEE
Network, September/October 1999.

[6] S. Shenker, C. Partridge, and R. Guerin,
Specification of Guaranteed Quality of Service,
RFC 2212, September 1996.

[71 R. Braden and et. al., Resource ReSerVation
Protocol (RSVP): Version 1: Functional
Specification, IETF RFC 2205, September
1997.

[8] Makkar, R and et. al., Empirical study of
buffer management scheme for DiffServ
assured forwarding PHB, Proceedings of Ninth
International Conference on Computer Commu
nications and Networks 2000, pp. 632 637,
2000.

[91 S. Floyd, V. Jacobson, Random Early Detec-
tion gateways for Congestion Avoidance,

www.dbpia.co.kr



=3 | DiffServ B}A]of| 4] Assured Service2] QoS . #-2-

2]k RIO % RIO-DC ¥H2]e] A% w]a

IEEE/ACM Transactions on Networking, vol.
1, no4, pp. 397-413, August 1993.

[10] W. Feng, D. D. Kandlur, D. Saha, K. G. Shin,
A Self-Configuring RED Gateway, Pro-
ceedings of I[EEE INFOCOM, March 1999.

[11] D. Clark, W. Fang, Explicit Allocation of Best
Effort Packet Delivery Service, IEEE/ACM
Transactions on Networking, vol. 6, no.4, pp.
362-373, August 1998.

[12] John B. Pippas and et. al., A modified RIO
algorithm that alleviates the bandwidth skew
problem in Internet Differentiated Service,
Proceedings of ICC2000, pp.1599-1603, June
2000.

[13] Wu-chang Feng and et. al., Understanding and
Improving TCP Performance Over Networks
with Minimum Rate Guarantee, /[EEE/ACM
Transactions on Networking, vol. 7, no.2, pp.
173-187, April 1999.

[14] Ilias Andrikopoulos and et. al., A Fair Traffic
Conditioner for the Assured Service in a
Differentiated Service Internet, Proceedings of
ICC 2000, pp. 806-810, June 2000.

[15] Benjamin Teitelbaum, Susan Hares and et. al.,
Internet 2 Qbone: Building a Testbed for
Differentiated Services, IEEE Network, pp.
645-660, September/October 1999.

Copyright (C) 2003 NuriMedia Co., Ltd.

5]  Z(Kyeong Hur) 3]
1998'd 24: we{hdta Azky
st} st
2000+ d 24: aEjciEta Ak
s} 414
o0 20000 3™~ Al aedEha
Axhgekst upajad )
3 F
<FRY Rob FAMENZ A W YA, P
dl=$)=, o)% Helvielo] Az

199311 34~2000+] 5%]' =4
Tl Ta

20001 5¥ ~ &) ?-sl-#‘ﬁzk
FAA7R) AT

<FHA ob IP vlES)Z, A ZRED

0| AF 2(Sangwoo Lee) %3]

1994 7%' sk Azt
SAFE AL

1996+ 2%: FEdiE A=k
SAIFE T AAL

1996+ 149~2000%1 5<: %

<FHA] Hol> IPU|ES =, metro optical network,

ASIC
o & M(Doo-Seop Eom) 3]
1987+ 29wkl AAla-
&3} sk}
1989+ 29d: ejdistar Al
g3} AA}

19991 39: Sl e x}rlest A
BEAFE) uhat

| 198913 290-19991] 8% z?}},k
z{z}i&]oj?}\ qg
19991 91~2000+d 8<Y: Agchstar #19)7HA}

20000 d 9~ weeRsta A HAb gy

351

www.dbpia.co.kr



FHLE A58 = F7] 024 Vol27 No4C

z——r,,_/;\_
<FA] Fob ZAMENA AA 2 AeEH,

24 ATM, IP YES)=

At 7 #(Kyun Hyon Tchah) 23519

196513 2%: ALoistu %7
stz &AL

19679 6%Y: m= dejo]
st MAL

197613 6 : A&istw A
Algsta vhAL

19773 3Y9~A): s
AAgstat 2

19984 14~19984d 12Y: 3H=LEA1%}3] 3|3

19981 49~31a): F=AAEAIATE FoA A

<FIA] Hol B4l 0|, o)lF B4l A 4L

o} Wejrleie] Ad

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



	DiffServ 방식에서 Assured Service의 QoS 보장을 위한 RIo 및 RIO-DC 방식의 성능 비교
	요약
	ABSTRACT
	Ⅰ.서론
	Ⅱ.Assured Service에 대한 RIO-DC 방식의 변수 설정
	Ⅲ.시뮬레이션 모델 및 성능 평�
	Ⅳ.결론
	참고문헌


