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ABSTRACT

In this paper, we proposed an Adaptive RIO scheme to solve the problem of RIO scheme that occurs when
admission control is performed for QoS guarantee of Assured Service in Differentiated Services. To prevent an
early random drop of the admitted In-profile packet, proposed Adaptive RIO scheme updates parameters of RIO
scheme every time interval according to the estimated numbers of maximum packet arrivals of In-profile traffic
and total traffic during the next time interval. The numbers of maximum packet arrivals during the next time
interval are estimated based on the buffer size determined by the network topology and the ratio of bandwidth
allocated to each subclass. We found from simulation results that, compared with RIO scheme, proposed Adaptive
RIO scheme can improve performance of the throughput for In-profile traffic when admission control is

performed or congestion occurs.
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min_out = py, ,, -maxind_total+ (1~ py, ) -minind_total (10)

E 2. Al9ksk= Adaptive RIO HM]2} RIO HFA]2] Bl

RIOMM (b max =A10p) Adaptive RIO W}4]

u,(1+ B)- packet _size

avg in ind _in
avg _total ind _total
min_in=max_in/2 Prn - MAXind _in+ (= p,, ) minind _in
min_out=max out/2 P e M ind _total + (1= p,., ) minind _total
L(A,—p,)-1
max_in= . e B P maxind _in+ (- p,.,, ) -minind_in

LA =B

tap

M, - packet _size

max_ out = il By P Maxind _total + (0= p,, ) -minind _total

. AIE0IM 2Y 3! ds TI}

ol ii= DiffServ W4]e] ASel Tt QoS
& wxeb) Sl A% Aol s A sl
In-profile #H|Zlel] digt #H7|E& #AZE 5 Sl=
Adaptive RIO ¥}A]S- Aoksisict 12]x vlEY=
EZZA9} AS AMH FjadR s Yo
v w2} ZAA=EE | 27])E J|eeR odA
A7y 7kt £3F 7F5%E Inqprofile sjZl3 A A)
Hzle] HojEks aedsle] RIOS] Wi ghes A
A&H= Adaptive RIO HFA-S %13} 382¢) #|A]s}
drl. B =il 4 7b 190 3hfe] AS AE
et wEslel  RIO HRAlEE Aloksl=
Adaptive RIO "2l gk Al5-S w4319
ok 3 TCP ¥ ZREFS AHEske vEH=
o] TCPZ#o|A] Minimum Rate2] QoSE MA+
3}7] $si4]+= Traffic Conditionere]4]2] Token
Loss A2 s)dslo} a'™. Token Loss=
Traffic Conditionertje]] Ho} ¢li= Eo] ¢l-Sow
27 A5 el de Adot 23] shol
& w9zl vlg Bfe] £4H: JgeR ol2 <l
o $4 srERvE AgA) AR BE A%
B In-profile Ezfo] "Askx] X3l ek
E3]. 7+ 441 §2~E°] RTT(Round Trip Time)7}
Az chew eheEs Az gt sz a1 g
s40] Q= Hopt et B2 AHbelale Ao
Hop 7} & &4Ex RIOS| ag_in3} avg total
o o3 #H7]d 7FsAde] =3, RTT7 & 32EE
7l F719] 33ko 2 Token Loss7} WHAst 7154
o] o] =tk F Z2Eo| EdY WAEke] B39
s =k ol2dt A FAl FZAEZNE
Token Loss $lo] AM8Ap7} Aokt A 245 ol
gom Edjsle] waAl d AL FHHCR
zdg HF ALES Aud o] 3Z1EE] 9
45 7d% Hop <#¢} RTT7} & 3 2EZ2] In-profile
Ezg Az RTTS} Hop 47} e IAES
In-profile Ez WS FU3HA 3= Zlow
olof FgF A7} Ad Fof| p B =il
= o]2]|g} Token Loss FAl|ol thgt s|Zdae =4
a2 Eslol ot a6 9} o] 7k F4l ZAE
o] RTT % 7-f3k= Hope} Aldst s AEE
u zo) A4E°| Traffic Profiles FUsHA &}ed,
RE FAEQ| {53 In-profile Ez|g]e] w3

B 2 E27F 394E AI3laL Token Losso]
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=+ / DiffServ #}4]2] Assured Serviceel 4] QoS ¥ 42~ 9|3 Adaptive RIO H}A] 2| Ak

A 7FsAe Aok od2e vEYa BEF
2AE mejse] A4 Aelrh +uE Ak sleli
RIO A3} Adaptive RIO M}Al] A1%5-8- H-Ala}r|
Q7 AlEdeld mdg viehdct

mean rate 2.66M

peak rate 10 64M

All sources start to transmit ~ Sn @ o »(7) #n RIO parameters at C1 Router

simultaneously mean rate 0.266M o =50, Il = 178
= B i - min_out = 133 . max_out = 266

peax rate 1.064M

0%l 2. Adaptive RIO W2]ol] thgh AlEgo]4d mul

a32E EleA bl A,RrE & UubA
Ql 735l digh AlEdeld mlgA a.,=33 A
Qolc). 17204 El¥} E2 #}$-€]3= DiffServ 3]
T 2FE1E Jelar C1S DiffServ Wy 2-$-E]
£ Jehick 7 $4 32E 5,2 S 2 ¥/
g Al 3B RelAl Hat 0.266Mbps,  Fch
1.064Mbps®] HoJE1E HFS}AL [, = 33ms o2
sl Al(DEFE B2 ¥R 2] e
27packetso] 3l HEE=  packetsizer= 125 bytes2
AAslgdcy. A ew 10708 sAESRYE
1 2.66Mbps, Z i 10.64Mbpse] Ezj|¥]o] 12Mbps
P25 T "k HE Y3 Clzhede &
He=3 L,0]a HES aMbpsE A3l Clet
$Ele] A4 W3] =7]+= 350 packets2 A3
th webd] 2%2= 4Mbps i Ee] HE g0
2.66Mbps®| Wi AEES] Ede] FIln
EIRNE 122 73 ptell w2l sl AS
of s A& Aoyt 3E S epdck a2¥
298] AlEdeld melolli RIO W5 AA MRk
AL b, = T4 ZAE] Ho) HSEF}
T AFEENE] 42 AEEe] Ak Hd x4
AZRE A(DEFE O.dsec7t 3 &75= A
B3 wF3t 27| F1ZHE 266 packets7} %
ol ze|an 129] ggkell we} In-profile Z5-&-
178702] ws] 27} 2.66Mbpse] thed¥ES, Out-
of-profile 712 8871 W#]F7k} 1.34Mbps®]
tfjed¥-2S- o] 83l EE RIOS]  max_in¥} max_ours
72} 1789 26602 Aol gkl Els
E22}9Ejol X% RIO WS AMgsht 13 o=
deddo] F2 3 digEnc 2o} W
o] o} 9JA| edor=® AHA¥ RIO WS ghell o}

2 ofgke wedElA] Yolw ok 7F 44l ZAEE
TCP Reno& AME3}il RTTE 16ms= AAs}edc).
TZF RIO WMol A== w,2] 3 In-profile
Eg]#]3} Out-of-profile EzfZ el sl L5 o=
0.0022 AAINAT  Pr.c B Pl S ZH2E
0.02¢} 0.052 ARg-alsic)®® w3 oA A
A%l 2F W ghs vERd Zle)dk

B 3. a§2e049] AEdeld W 2A %

W |/ ax |buffer size| max_in | max_out £ B

% | 33ms |350packets| 100~266 | 190~350 | 27packets | 1/2

a3 829 Clekseelsd RIO Hg
max_insh ma_ow o] 7k 443 gholl wreb 1070e] %
Al 3AESERE 100%27F =23 In-profile |7
o o} FabE A7 7} oA MR A
Upehdl Zolck 133e] Azke wml AlQKE Ao
2 AAZ w4 g max_in=178 3} max_out =266 oj| 4]
2= In-profile EzfZe] ofo] oF 2.55Mbps®
A E=ZgF In-profile EeF] ofo] Huhgtel] w9~ <
A3HE 1% 4 ik 3k =2 Inqprofile E
o) ofo] EabEl Eejuje) o} Aolr} gler
In-profile el ohat 1717} Ay 8-S o
G ogla AlRKE M gl 7 sEwe A
0.255Mbps2] In-profile EefjZlo] ulAlslz o
0.011Mbps(4.3%)2] %4~ Token Loss7} HMl&h=
A& oF 4tk 234 ClelsE o4 7+ RIO H
T AR el gt 39 A 43 5 F F=2
o] -85 ekt Ij4ENE AR wrlom
A7 RIO W= FlellA] oF 3.995Mbps®] Eejj o]
3l 99.875%2] "= o85S viehlin, FHd
#hell wi-¢- 2A4EE gl 5 ik

In packets at C1 Router for 100sec

RERRERE
o

T T T
100 120 140 160 180 200 220 240 260
max_in (max_out=266)

18] 3-(a)
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.
.&/

| —®— arrived In traffic
/'/T\ ® - departed In traffic

In Packets at C1 Router for 100sec
T
ARRRRRRRR

g g B
T (U o O I R R (|

T T T T T T T T 1
180 200 220 240 260 280 300 320 340 360
max_out (max_in=178)

28 3-(b)

O3 3. ClehgeelA] =343 ozl 2 gabd mafzl 5

400000
399500 - /‘ -, M "
§ RV
.§- 399000
s |
3 | —®— departed total tramc
S 398500
2 |
4
5}
% 398000
2
@
2
8 397500
L]
397000 T T T T T T T T \

180 200 220 240 260 280 300 320 340 360
max_out (max_in=178)

a5 4-(a)

] |
[

I e e L B B S

399500 - ..

S
=N

399000 +
398500 + » [

398000 - [\

397500 - | |
397000 o |

396500 - j

396000 T T T T 1 T T T T
100 120 140 160 180 200 220 240 260

packets at C1 Router for 100sec

max_in (max_out=266)

137 4-(b)

02 4. Cleheeely F=k AA A7 5

18)5= 229 Clakse|o4] RIO W4 A3

& A4’ 7%, 1009 A I~EERENE E
A= HZIER QIR o FAHol|e] WskE el
ok a3l5sRE] RE sE0] By ubije]
odsle] o F Holo] Wil wdghE o 5 ol
3, TCPe] ®|~E3dt HE BEAMOR avg ind F4
A Z7kshd w7l S7)7 Asieele =4 7

300 o
270 o

240

avg_in
20 A - avg_total

180 4

Average Queue length (RI0)

Time(sec)
(min_in=89, max_in=178 min_out=133, max_out=266)

a2 5. Cl 2F9EjslA RIO 3 7 7ole] wis}

asp] 9ee 9 4 Stk mebq wsinz
avg _total Zk-o- min_in 3} min_our Z} FL|E FA|H
o] min_in 3} min_out o] 2]} &-E2]Ql In-profile I
713} Out-of-profile #j7l2] Early Random Dropo©]
%A AR o & slckh ax6e 329
C1 W% 2}9-€]ol] Adaptive RIO W28 =43 7
S T TN 2 iz} g gl o
o A©)l 5185 Inprofile E)%s} A =e
el Ho) waRS wEsle] A7), @), 9= Al
A E]= maxind _in 3} minind _inL)
minind_towa gh& V}eRl ZAolek )3 Y7L Cl
2}-9-€E]ol] Adaptive RIO WS A435 of A7k
o] wjg} F7F Tulc} AAJE min_in min_our -12]
Sk ind_inj!}- ind _total 0] W3}E JeERH Zlo 7

maxind _total 3}

T} A 5] = init _ind _in | init _ind _total 2-
0.00152 AA3gck 283 P 0.3, Pann
0.152 AAGT, Prc w2 0.9, PunowS 052 A

Aslodck. a7 2E] Agkgt Adaptive RIO HHA]
S Eg) min_in g w] P7iwic} ©2sR= In-profile
AR “""4 23428 HAFo] ind_ino] A
S =33} 9o} In-profile Zlol| gk
ggAql Early Random Drope| ®Hi&}A] 9452
ot 4 ¢lck gk min_owr & In-profile Ezj<]3}
Out-of-profile Ezj=lo] A== wuF7t=7]9]
HHAQl vlE, 165 3] o3t Tl 2%
she AA Edge] HomAEkl| weh AAE]
Tzt vl miksle AHA EdEEke] kR
ind_total°] Z]—’-‘;—@E«i £ ‘ﬂi}%: ‘/]’E}"Q 76“?‘
min_out o] 7}4=&}o] Out-of-profile |71l thg+ &H&
#|2] Early Random Dropo] ®Highs- o= gjch

E] min_ in -S-
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Indicator value for In-profile packets

= mximndgivmmqh, Am‘k
mrInd“ at given lntq N A topk

35 e . o
[ 50 100 150 200 250 300

Initial queue length of In—profile packets
L, =4 Mbps, packer_size=125bytes, /\,‘w, =3, init_ind_in=00015
M, =888 packets, B=1/2, b, =4, I . =33msec

max

1% 6-(a)
160 — =
150
&
£ 140
=] 4
-} 4
Qa
©
S 130
a
|
$
5 120
o
8
$ 10 |
g |
] Py
2 100 ‘ | maxmd atgnenlnnq Yok
E # [ © mnnd‘ma!gvemmqh‘wk
0
|
i
80— L L L
0 50 100 150 200 250 300 350

Initial queue length of total packets
L, =4 Mbps, packet_size=125bytes, A, =3, init_ind_in=00015
M, =888 packets, B=1/2, b .. =4, [ .. =33msec

m

28] 6-(b)

T2 6. Adaptive RIO WHAo||x] z} init _q, 3} init _q ofju}
£  maxind _in 3} minind _inv) maxind _total 7}
minind _total

4= 2829 AEHeIA Bddi  Alglsh=
Adaptlve RIO H}Al3} RIO ¥}A)S- #8808 o #
49 383 4 3E Fol w} ClelsE]e
] 100%7F =235 In-proﬁle HAE2] o} E3p=
Inprofile H7Ee] 48 vkl sk Agkshs
Adaptive RIO H}2]-2- 1‘%}71—,—51 In-profile 7]
ol oigk Early Random Drope] ®hAa}z] ¢tow
ClepsElolx] #7151 In-profile HAEL wH:

min_out Jpdaes
QRS Ind tezal variations

eV -

-

)
=1
I

&
a
1

mn_out ard Ind_tota variaton
z
1

WAWSAGA, AUBLUE AL AT 42412144154 53 HEHNY LD
SirrLlation Time sec) : 2.1sec=2 intervals

13 7-(a)

G-

140
g 120-
B
2 -
g
£
o
£ -
B «-
g - = rin_in upcztas
'E - Ind_in variaicns

71 R DA B L
JU U1 LZ Q3 2L Uz CB OF OB UY 1U 11 12 15 13 15 135

simJlatonz mesec) : D1sec =3 ntevas
a5 7-(b)

a2l 7. mjn_in‘ min_out v ind _in 7} ind _total o] W3}

Buffer Overflow = Q13+ 7Zlo]c) 42 HE] 107] o]
3] $A IAE S AEA ) e Al
117} o]Ake] 44l 3~€ < = Congestion A}3}ol|
QoA mE A|gksh= Adaptive RIO H}*lo] RIO
WAl ueh ©38E In-profile #7152 o} E3h¥l
In-profile |Z152] 7} =g A|gksH= Adaptive
RIO ¥}A1S RIO WA)HL} In-profile Efel] gt
B3 9 #8450 ke e o 5 ol
278 1§29 AlEHeA muldA Aljksh=
Adaptive RIO ¥}A]3} RIO HMAlS- #8308 o 4
Al 3o Fo ule} Clzheeedlr] 10027 %
I AA HRES] 2 A7) In-profile )
9] 45 vepd 7lo=® Agksl= Adaptive RIO
A3} RIO HWHAle] 8= o]4-F A%e 553s
4 otk v} RIO WAlS 44 346 )
7Hell w2t 715 In-profile 7l 57} 2|52 2
2 Z7)slaL Adaptive RIO H}A-S lAghe- o 4=

ofN 12 o il o
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etk 349} 18I8¢4]  Adaptive RIO H}A]o]
Congestion #}8}ol|4] RIO HFA WL} In-profile Ez
ol thgt BF Y 5§ AFo] 3 Yol 1
H7olA  H AT o] flwicl A =E
min_out & 23] In-profile Ez¥3} Out-of-profile
Egge] MA=E= ¥ 2k =7]9] HFFE ]
&, LpE RIO WAL} agxoa {x|sle] Z7}
gk Out-of-profile 3jZ1 52 QI3+ In-profile }z12]
Buffer Overflow Dropg- 7}4-A1737] wfi-o|ch

E 4 7 el B2 o245 2 59 Inoggl 4
arrived In| departed | arrived In | departed
(RIO) In(RIO) (ARIO) In(ARIO)
7 182644 182513 183397 183207
8 207122 206954 207450 207276
9 231707 231542 231852 231771
10 254002 253601 254719 254589
11 269527 268746 275738 275526
12 286085 285042 296884 296619
13 303136 301706 313861 313637
14 318243 316800 329527 329384
15 326779 324947 345572 345393

Senders

400000 —

—s— 0 g »~/:“‘ bt
.
399000 o
[
g o
S 298000 /
3 / e a
2 / —®— Adaptive RIO
S 397000 / | ® RIO : max_in=178, max_out=266
w .
°
B 3a6000
&
395000 v T T T J
6 8 10 14 16
Number of sender hosts
71%] 8-(a)
-~ #-- Adaptive RIO (n<11:No random early drop)
2000 | T®—RIO : max_in=178, max_out=266

1800 /
1600

1400

1200 /

10004 /

800 'S

y

400 ]

B

Dropped In-profile packets at C1 router for 100sec

>
=4
a4

Number of sender hosts(n)
15 8-(b)
a7l 8. ZhAellA gbE AAAZs 2 o718 ARl

1319+= 1324 RIO H¥}A]3} Adaptive RIO
e A8RE o, A4 4 B TaE 4
of uwh} R2Z~E7} 100327 4418k In-profile
byte 55 yeRick o zad AZRE 0.1x24]
it 0.266MbpsE AEdhs FAEo] o FHd
4l byte == 3325000 bytes (0.266Mbps)o|t}.
13197 5E] Aeksl= Adaptive RIO H}2]-2 RIO
WAl 2 o} In-profile Efd] 48 A5 ¢
Folths e o 4 Sl oW BF SR 48
A 3~E 5= 1074744 0.255Mbpso|Ak2]
In-profile Ez¥ 4=8{0.011Mbps(4.3%)2] Token
Loss)o] A=, 10702] $41 34 5 s}
9 In-profile Ezf]e] 2o 7147} k= 7S
of & ek webr] F upalofa] B ARk g3k
oznE AR Aol /1E delEe] =)
fETE o 4 Aok

—®— AdaptveRIO -
8 AOReE '\\'l ®  RIO : max_in=178, max_out=266
8 200000 4 e .y
ﬁ 3100000 < .\»-
K
®
0
£ 3000000
o . S
2
& 2900000
= * e
L]
é L ]
3 2800000 o
g "
2700000 -
©
T T T v
10 12 14 16
Number of sender hosts

a2 9. 7 wHlelA R2EAES] 441 Inbyte 4

9102 T2 7+ $4 ZAES RTIVZG
ke 524 4 3AEn} 4ms¥ RTTES 5
7IA S1 Z~E7} 71&F 2R RTTES zZk3, S10
32~E71 71 & RTTE Ze= AlEdHe|A mdlo]
t} = 1310 Token Lossol| thgl &l|Zd o] #
457 23 AR $4A ZAESINE Eadd
Egjgo] whlslA] =k e 13811 RIOHH]
7} Agksl= Adaptive RIO WS #8318 u 1
2l102] 7t =4l 3427} 100%7%F <7418 In-profile
byte 5 vehd Zlojch. 1gli1e] ZHAzpellA] AQE
gk Adaptive RIO H}A]2 73]102] 7<= C1
W 2hpEfell4]  In-profile 7l i Early
Random Drope] HRAE}x]  ¢¥gkon  #H7|%l
In-profile 7! 47} RIO M)W} =4 7H4sle]
RIO H}AlMc} 2 424l In-profile byte =2} 99.8%
o] H=0]8-ES veIck RIO HRAlE 1399
2] 10742 A 79| 4213}k In-profile byte <~
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Hrp A2 ofo] AlEGlon 0|85 88.4%
2 dehgdeh #5044 7 B4 saE
ol w2} Clebg-efellx] 100x7F =323} In-profile
7l =2} E3}E In-profile 7l =5 epid 7o
= Congestiono] BHAEF 790l %= #|FgF Adaptive
RIO hjo] RIO WpAueh 2 ghg vpepa, 7]
%l In-profile |7l 4% RIO wWMA]Hr} Adaptive
RIOWAel|A =A] 2Haghs o 4 Slch weiy
Token Lossel] tgh sjAAo] gl 7Sox #)okat
Adaptive RIO H}2]-&- #-83}o] In-profile EzljZ] ]|

E 5. 2310904 =23 mofFl 5 2 S Inwfjgl 4=
arrived In| departed | arrived In | departed
(RIO) In(RIO) (ARIO) In(ARIO)
182086 182001 181471 181395
207530 | 207365 205884 205795
228014 227835 229653 229548
10 208212 205535 252134 251945
11 265557 264905 272486 272259
12 281512 280536 291806 291647
13 295776 | 294546 309168 308887
14 310246 308758 325362 325104
15 318270 316672 341148 340929

Senders

1.064M

mean rate 2 .66M

peak rate 10.64M

S1's RTT : 16 ms O —

Rn RIO parameters at C1 Router
S2'sATT: 16 ms + 4 ms

min_in = 89 , max_in = 178
min_out = 133 , max_out = 266

mean rate 0.266M
S10sRTT:16ms+S8+4ms peak rate 1.064M

a2 10. $Alz2Ee| RTT7} v 292 A

@ RIO : max_in=178, max_out=266

LPE—

—&— Adaptive RIO J

-—

:

ARRRARRR

Received In-profile bytes at each host for 100sec

T
Ri  R2 R3 R4 R5 R6 R7 R8 RI R0
Receiving Host

Dropped In packets at C1 : RIO = 2677,
Adaptive RIO = 189(No early random drop)
Link utilization : RIO = 84.4%, Adaptive RIO : 99.8%

a2l 11. 2810004 R2E4~E2] 441 In-byte 4~

gk 48 9 g3 o]45S st A 4 gl

& < % ek
V. ZE

R =tol|4]= DiffServ HHA12] ASel| tigk QoS
E HASP| S8 ASA7E 3 AL slel|A]
W= RIO HHAl9] #A1H S AlAShaL ool ot
172 Hlekez Adaptive RIO WS- z|gksleic)
Aloksl= Adaptive RIO HMA-S- U|EQm ®Ezx]
2} Assured Service A]H. FefjrHE ddEs o
AqF2| Hgo| we} AAEE vy 2|5 7)Ee
2 A A ek 23t 753k Inprofile 7))
I HA Al HNFS wedsle] RIOL] ¥ 3t
=2 AT = 5145 In-profile ol gt
H71E WAL AlEgeld Axpz e Token
Loss WHS #4:313F 79 ASell dis] <Az}
3%l Akl Congestion  AF3lol|a]  Aoksl=
Adaptive RIO H}A]o] RIO HpA Wt} In-profile E
Aol it B3 2 8 A5 pela 9=
o8& A5 553 ¥ 4 Ugdrk =3 Token
Loss 'Ho] & 7d9-<lli= A|gksk= Adaptive RIO
Hhrlo] RIO ®W}A]Hr}l T2 4=l In-profile Ez
Hol| hFF ¥3 45 ¥ H=Z o]4F AL et
We o4 5 ok

o
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