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o} ¢)F 48, W, waE, AAF 98 Edy 2dd] el dsld d7E aisieet 2= OPNET
AEHoHE AA W sk ool oY de|eieed diste] Rejddst Aewsie sdsisict e 2
I 2E 7oA DiffServ 7|52 o83} EF(Expedited Forwarding) Sef4e]] ddle] Qo8 HAo] 7l&3la,
EFs} BE(Best Effort) S=ll~2o] MulA Eal7l 7Ps3Re #8913 -+ qlgdcl. WFQ(Weighted Fair Queueing)oll4]
EFe}l BE S~ Alo)ol] Foiz] 2pe] Ful(F, Weight factor)ol] mhe A% Hslel 54 9] disti= #4
Fedel.

ABSTRACT

It is difficult to satisfy the QoS(Quality of Service) guarantee which is required by real-time application
services only with the Best-Effort(BE) service adopted in the current Internet. Therefore, worldwide research is
being made on the method of QoS provisioning. Among them, the QoS pguarantee mechanism using the
DiffServ(Differentiated Service) was discussed in this paper. First we analyzed how the DiffServ performance was
affected by traffic models. For this, we performed the research for the random, bursty, and self-similar traffic
modeling method. We then designed and implemented an OPNET simulator, and performed the simulation and
performance evaluation for diverse input parameters. Based on the results of performance evaluation, it was
confirmed that QoS guarantee is possible for the EF(Expedited Forwarding) class with the DiffServ function under
every environments considered and the service separation between EF and BE(Best Effort) classes is also possible.
We also analyzed the performance variation and dynamic behavior of DiffServ mechanism based on the resource
allocation between EF and BE classes in WFQ(Weighted Fair Queueing).
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1P #21-& DSCP(DS Code Point) k2 sivie] A
I DiffServ WlEf=z gl A H79)
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DSCP & o]-4-3] Intemet Draftel| 4175 PHB
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A= AFA A &= DiffServ WES]
Aol = wh=A] wesejo} & AlEhgole} wddr}
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Qelele) =dhge mdee) A A4S
= F IS Do e mds
MMPP(Markov-Modulated Poisson Process)/
MMBP(Markov-Modulated Bernoulli Process), IPP
(Interrupted Process)/IBP(Interrupted
Bemoulli Process), Fluid flow=®d £o] g} &
el HlIA AL Edy mdE PR B
% IBP E¥ 2dS AM-3isict

Poisson

1.1 2 =iy
Xol& Z 24| A(Poisson Process)= oJz] 7}A|
sAake] 54wl 7| Asjelt dlele
e mdd] R2 ALEE0] gkt 1 o)4E o
3} o] g 7|7} Qlet
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7+ AE-5e] g He x il ARE TogE
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1.2 AR =
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shte] oE E5]A]] AFREE 7l Off(silent
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o »la
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PP L ok A (HF Zvk
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np=n=E%e, gl FL Ae 78 5 ik

na=gi3%, @
)=
HI_ 2‘-17—'(1 (3)

A7A, Mae BT EAEE 9=gick

4 A5l SRE Aleld) =AZE AlZKinter-
arival time) 2.2 Aok, A7 A7} AF ¥
&} 7Al9x(squared coefficient of variation), & T}
F A@l 2] 7 5 slck

—Yar(d) _ (p+a)(1—9)
C=TE@1 ~ @ (rt o) “

B ok, e & T4 (burstiness)
9 HEZ AHgghrt

2. X7 EvfE 29

A7AME BREe Edd 2 iRl
& PFGN(Fractional Gaussian Noise)'?, F-ARIMA
(Fractional  Autoregressive Integrated Moving
Average)™”, Chaotic map™™ 0] gJc}k,

2.1 RAZIRAL ER4E

7| A st o] Holgek oY xz
Az x®7F S A, Aolel A 00l Hste] X
EA2 o x(ah7h x4 2 FAH 5L 7R
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A7 AR Y] ARE el GO, 0<H<l Ale]
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A7V HAE EEAe] F87 SR A7
2]&A4, heavy-tailed #E, ‘{;SE]]EE.{;} e Eo] g]

)

- Z7]7F 2]EA(LRD: long-range dependency):
3 A Z2A 20} gl o, o] ZEAXS At
F  7t vE F fle BHE DB =),

olelgl LEAAE A7) ezt et A
gl w77} 2]&3(SRD: short-range dependency)
TR~ EoE wdL A|FEAle] AeHLR
whe] kel 248 WEsked Blsled, LRD i
2H| 2= hyperbolica}Ad] zhasle Ap|3iig 7}
Ae B 73 glek o)) BAe] V==
Aol Al deks =A< Qlck

-Heavy-tailed ¥ w71 =A7F AZke]ut Hx
E Zoj¢} 22 Edfy TRAAE WEhiE &E
A I-E B sisl] ARSEH, e H
X9 R¥} ohg AE)E S 7] meja
Llas

1—F(x)= Pr[X)x]w-;C];'- (x—00,2>0) (8)

dubdes 3 mel ¥ /R FEHSE 2
At 7] #4b g ek

c2dEY] wE Fae gl 7)Esi,
LRD z2Alxe] Y 2dAEg s 4 0)%
L Qe Azel 77k AR YA ek

1
S(w) P

AN Edse AR Piezs 2
w2 OnfOff 775 7xle @ Onjoff A
2ES T SPAAN A7 A Z2AAE T
23l WP, M/G/e FEY, RMD(Random
Midpoint Displacement), Wavelet Al ZAlAb,
Hosking 94, FFT(Fast Fourier Transform) ®}H
Zo] el o) A|fAl B mdREE
el o= 7L dled, £ ERede
OnjOft Z2AX 71 o g3le] TAshch

1) 2335 On/Off T2~

g2 x3sled A glE{vlell AFEAR= A
BlA~E 2§t ol TR heavy-tailed EEE 714
o, o]zgl S A vENZ B Ay

(w—0,0<<1) ©)

SAe dogle fae Al wepd, 2
& On/Off ZEA|AE A7 AIHAPdal 2
b vhehdet o] w) B3ElE AEHS] 471 7t
242 AR Al mde] o] rhsRtd,
4 150 7)) olakel 71 me] B¥E riAls AEFY
9] ZAo] Wy 7o deA gt olHd 24
£ A OnjOff A Hole FAIY Bvld =
alel] Ab3d) galch o] mdeAe] =y A
28 On 7Kgl RY] &3 dolelE AFsAvt
Off F72Hg<t idleZ ot glAl Ak On Aeigst
e Azt 4,34 Off A<k Bfle AL 4y
L 7] el R2E s 2 we] EEE RYY
3l7] $18A= Pareto %7} F=2 AME-FC

2) FGN(Fractional Gaussian Noise)

A&A|Zk TEF TBAL Z={Z(), rz0}= o

2 AL =S Hust deple] HE 7R3
FBM(Fractional Brownian Motion)o]ek 1) Z+& 7}
S& FFo|th 2) Z(0)=0, 3) Z&= A& EE BE
g /IR, 4) Z& A F¥AEE 7P 9)
HZ(H]l=0, =0, 6) EZH’1=#", t=0. FBMZ
HE 72 #7|§APdelek FBM Z7h F01d o
olARAIZE ZB LZAA X=(X,}%-02 A7} 7}
g, olwl X,=Z(n+1)—Z(welth oY X§
HZ 7}&l FGNol2} dc} 2] 384t &5 1()o]
0.5<H<l¢]] ws}ed 0o) hyperbolicd}A izl

31D =eo0] 1=, LRD 4A& AuA ek

3) F-ARIMA

FARIMA 298] $8& @] 2 4712 e
& FAA 2R Pk gl WA
(fractional) ARIMA(pd,o] ol ZEAA
X={(X:t=12,..)% 4 $BvX,=0(BeZ A
v, seele dw 03 12 Al W,
vi=(1—-B)% A (1—B)“=$(z>(—1)”3"_°,§
E3 rleslc) gy de A3 e JE
Woh Telw poh g bl ASE kel
H=d+1/2¢]c} F-ARIMA =g ol ghes] Al
olol] Wlr} WA = Al@2e v f-83)ct

. A Mdl2 HFHUE

A QoSE AT 4 sle DiffServe] A=
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PHBE AFge s ojF EdY ~Eld gl
HAE FAsRs Zolth & DiffServ EelolX=
DiffServ #-¢El7} 4] xcely & 5 qlck
DiffServ @}$Eloll= o)7] 2leE{e)l ze] 987}
Qe B Rl o] 2heEd F3E B

DIittServ Edge Router

Data
packet:

3% 3. DiffServ 2h$¥]2) T84

1% 394 HelFE DiffServ 2R8E]8] Q4=
EdE  BH(Classifier), v]|ej=g)(Metering), w7
(Marking), #]°]%(Shaping) 7]5-22 o]Reizl E
¥ ZH(Traffic Conditioning: TC)3} 7 #=] ¥
e ~AEY 71522 A qlv)h DiffServ
ohe) FHak 7 Fle vhew 2o

1) &5

5 DiffServ BRE]2RE 27F= 7 7]
A 7ot AR #Hle P o sle
DSCP(DiffServ CodePoint)ahe 7|22 HR& +
F5H= BA(Behavior Aggregate) F-§7]e} =]/
AR G4, RB2EZ ID, ZUX/EHA] TEHSE,
i3 Qlejsolx St 7h2 7 A o)Ak svide
3 & 7IER AFE AdEA e MF
(Multi-Field) #5717} qlo). 259 F #HzlL #)
7 Fe 2o I

2) "E¥

Ul e2 Ei7el os] Aes|elzl By B
Yake] w7l =S Halsle]  TCA(Traffic
Conditioning Agreement)2] =] Z2lle] ol
3 =xE 2R in-profilefout-of-profile-2 <8)3}
= 7Fgelek

3) =l

54 Fol DE, AF, EF Zej22 op3sich «)
ul7)L AF PHB #jzle] 7lofd Edd & Agke
S o BT out-of-profilee] Hr}. o]&
7-& DE #7lo.2 gw}7) €},

4) =FH/4e]H
qkek EF #j7le] out-of-profilec|2}s == 2]

14

s ZA "Egch Holwe AEE AAs] 9l
Al =1} A mEefa] vhAg)

5) §d A

siAlute.g ) 24k PHBelA AMElE
2AZRE AL Rtk AAER s}
ojfolAly: etk i 2L F 2HEH
darejge] ARGEITh
@OFIFO : 71 o=edt due)de s 33 Fo W

A& i ARe] 7 HA AgEs WAook
@WFQ(Weighted Fair Queueing) : 7} Ell¥ &

Bl 7FeAE sl At AulaE AT

T e darjEer 4l §& sHe I

FARE BE Exfy &Fo] oA ] oy

=g ke 4 glrk

£ =Eelrs OPNETE of-3e] xpH Au)x
E A% 4= gl DiffServ W|EY 9] W4l BB
3l DiffServ ofjx] 298 F2F AASKcE <A
2l-$E]e] A 84 TCB, W e, ~A&8
o] 84% o]Ro) glvk TCBY: EHfY #£571%
o z47)ge] 23] gle EFolvl Edg F
izl BA 7718 AMsled, DSCP B=F o4
slo] AR EF3lc) AE Fzle el DA
(FEF-hR Fdolzh=n)], £ =Fdide 79 &
A wWHLE02 WFQ, WRR (Weighted Round-
Robin)# Z+g 7l 2A458 dulEFe AMes)
A AMu)A~E 298k

V. AIZ30I4 =9 A HsEN

1. DiffServ AlE2ilol&

1.1 AlE2jole| MA| o 7

o] Aot AxEge] T OPNET-S A4,
DiffServ 45-& oAy & AEHolelgs 733}
ok PR =Z7)= 512 vl EBye)oln], HA A
88 155Mbps)Z A4 ) DiffServ WES =
7} BHkEA FREheA] AR S84 H3E
27y Ad  EAA(Average End-to-End  delay
statistic) 2 o]-8al L, o] EAXE A= Al
8 Ak AMAE A7siz] 98] AR

w17 DiffServ Al g#¥ejelell} 7% =dy =
4 715E5& Avtit

1) BEdY 24 7l 79

(1) #FHClassifying)

BA #%= Zo¥QlEentod Fgsle] Fai=g]

www.dbpia.co.kr



&/ EHY 297} Weight Factorel] 3 25 AH| 2 AAYF A5%7)

v}, #Azl7k APEEE TREr] 95 IPv4 Fjie)] 9=
DSCPol| AZ3lxEE whEglc). 7% 4= DSCP ¥
(DS byte)E Tisle IP W7l H=g HoAF,

a2l 4. DS CodePoint% 7} TP =9l U=

(2) wI=(Marking)

Eashs H7le Zo¥elEe Fula Adzid]
93] =9 F9 EF, BE Edffos ¥ojd ¥,
ol o qfelxlch 19 5+ TCBo| Z2Alx =
Qo) obyz)Eg Belw, “classifier” Abeolla] ¢=
2ES B JEss A7e BA R wHeE
el “marking”  AMElolA  markerd] 2]¥)
DSCPel| w}5d-& et

D* classify & marking */
op_pk_nfd_get(pkptr, “tos”, &tos_value),
switch{tos_value)

case tos : Classify to PHB Class;
DSCP marking;
break;

I8 b, £F ¥ 4] ZeAx 29 gmE

(3 4(Queueing)

DiffServ 28] A& dsd 79 dueled
vi$- Fesicl ofrlHE FIFOS WEQ ~#AlEd
dae]Fe] Aok FRE 28] 62 WFQ
el ZEA2 2dg % st daeEs
oFc} wE ARESE Al 2 ol o]
"ok 2 ohg WRQ Ed »AlEge Algsl, 7}
FAE Pt 97l ~Egye 2TEkE yodL
ekl

phptr=op_pk_get(op_intrpt_strm());
switch(DSCP)
{
case BE: Insert into low weight Queue;
case EF: Insert into high weight Queue;
}
Service according to each Queue weight

a2 6. WFQ TeA» vl gy

2) AR A7) 7

(1) ¥ =z vl

A =y P79 AR =L e
traffic_load-& 7}R|n #|8ipe] LA~ 2]3] A
A5}, Helnle traffic_loads AHEA} )] w)ajn]
Helw, = & O<waffic_load<lo]c}. traffic_
loadt 9919 el}] &Rl sizlo] A Eoln
(1 - traffic_load)= Fle] AWA=A] @& Ggol
o} O 78 Ay EdE A7) TaEAs md o
e)E-& HejFEe)

Generate a random number r;

if(r <= traffic_load)
{
pkptr=op_pkt_create_fmt(“ip_header™);
/* Generate Packet with ToS field */
op_pk_nfd_set(pkptr, “tos”, “tos_value™);
op_pk_send(pkptr, next_node);
}

2] 7. Ay = AAy] Zeds rd ogwelE

(2) ¥ Ey 2d

W2E Edge] PP IBPe| 2lske] 3=k
IBP Z2A|2ofjMe] ALz} 91 meiriee Ed)
¥ ¥alere) Bselu) Aburstiness) & gk aEw
85717 Fol Sl A A7 SRk} Hrle
X3 $EQU a olr}. o Ajeleg] et
A AAe w2 BAS 7 Edge] s
= DiffServ A &#HelE7} o A& viEhileA]
E EMEelch 1™ 82 waE Ed mde 9
3 TR W A7) ZRAsAA 2EEE W
2 ERYE A7) odaelEs Jepgigich

—
Calculate rate;
Generate a random number r;
if(r < rate)
Stay in the same state;
else
Move to the other state;
if (active state) |
Generate a random number gen_rate;
if (gen_rate <= alpha) {
pkptr=op_pkt_create_fmi(“ip_header™);
op_pk_nfd_set(pkptr, “tos*, “tos_value”);
op_pk_send(pkptr, next_node);
}
]

02 8. w2y B9 447 dass
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(3) AAF ey 2l

A Adejelelre] HrR 2dgEo] Apr)HAt
AE 7RIvke 7St dEEdel el 2
AP = 274 EHE AL DiffServ A
Edolel8] Ang EMslr] H8 xprlaal Exg
A g 7 ol &sldct At EdYS A
A WleEe o 7L gledl, 3 mE
OnjOff —‘.’-{P—Eg 7= s Onoff _i/ﬂl__d £
ok BHAAAN AR ZEAAE FEEN
WS ARIch o 9 AR J—H*él R
A Y AR A7) ZRALAE daelEst
A ehiigdek

if (ON state)
{
incrementing no. of sitreams in ON state;
scheduling next OFF state;
heavy-tailed distribution modeling
using Pareto distribution;
recalculating interarrival times between
packets;
if (gen == 0)
scheduling next packet generation time;
}

if (OFF state)

{

decrementing no. of streams in ON state;

recalculating interarrival times between
packets;

scheduling next ON state;

long-tailed distribution modeling using
Pareto distribution;

]

pkptr=op_pkt_create_fmt(“ip_header™);
op_pk_nfd_set(pkptr, “tos”, “tos_value”),
op_pk_send(pkptr, next_node);

a8 9. Al EAY A7) Z2Als mdst dIelE

16

2. d5EM A2

DiffServ 7|5 75-& I8l ¢ Al T3l
DiffServ 4| Edo1e]lE Al&s}e] DiffServ W|ES=
£ 78 Je{dl QoS A el gt A% %t
E % €871 Qiok 23 AeiRaE A A
2|2 % A 714 <HEe] DiffServ Al EdelelE o8-
3o} m2AYE sl AF WrHE s

2.1 Al HEsls EaE A

o] 7] AlEHel4d Atel g F&| DiffServ
7148 %S s sigck A4 AlveEleE
X 13 gokich

B 1 AFENE A% AvEle

wyl =am [T #9 [eee] 30
At =4 daEg | A | Bm
Avtkele. (A EF

i 21}%;]% | B FIFO 30| wye
ey e | ¥4 EF

Fad W, y}s]
R T L I R

Avere. |WH EF
3 [itga |Be

WFQ 5 | wrEE

AE)le 12 o} DiffServ Av}eee] AL
BelFz] {13 gtk o] Rdelxe TCB7}
3, e2:A ¥ Y File] RE Y EfHHE
dotEsiel Agsle =y 2AEY ML
FIFOo]c}, DiffServ AJE#olelr} A4d Ahle] L
204 oF Adlx] =Rl DiffServ 752 71
2hpEl7E ARSEICh g e A A7 Al»%Elv%, il
o e Ede 5 v, ARFIA o
FU 7lsuhe R ER Hr} 2 Seb 2R A
x4 E 7RA, SA] 2ol DiffServ 7]
& 713 TCB 7)ge] ARSI

% 10 -‘E—%lﬂ DiffServ ] E#e]e]7} 28]
A 2t AFE AdEe 2608} 27 o] %
e AR Al‘-‘rali 3¢ RojEth ohE 34 4%
€ Ade]l 29} Flse

a8 10, ARle s
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