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S = Xiol(delay)OlLt T3 40 QI8 REIDICIH R aAlZ
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QoS S0l MAKCH O HAM IETFH A& Xete 2 & it
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DiffServ Code Point(DSCP)[2] RO 28 M3H1, &2 DSCPE
T WAL 2F MNSHE PHBOI 2% SEOA AUIA =0 &
N S JiEAe  PHB, EF(Expedited Forwarding)[3] 2t
AF{Assured Forwarding){4]JF HOIEIN UCL EF PHBE E2i0ig A
HlA(low delay, low latency, assured bandwidth)@ BQZ &l= Of
Eool@o s, AF PHBE 2t ISl DSCP BCSOl HFE
FE=AE MarkingB2Z W A2 AT LIF ASHELL AF
A= USHCR Al N E& W= 0. 58 2449
Il W2 2AeEH &8 =AM2 Green, Yellow, RedE Marking&ld 0I%
Of 20| LME B2 0 LU TSt WA SYRTH AF 2
A WSO o THYE XUt BR0E 2 SH Ingress
Edge ctREMA Marking0l =#ECH. THQ 2t HY¥ & O Dt
A OIg2 2t THOHA E310 Green2Z Marking® IH3!0I
YellowLt Red2 Marking® % U1, 0 20 S&0| VMG
2t QoSE 2R FX RO EC. 2 =2BHAHE 08 BHAES
SBBLVUX Ch=2l DiffServ TOIRI@ XILIJb= AF AbiA 229
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2. DiffServOil {2 212Xl Marking Mechanism

J8 12 DiffSev Ingress Edge tREIMA =#siE JI2A )
S8 FOHZELD UL Marking2 JI2HO2 Edge 2A2EHUMA L8E
T ARXESH ®02E ERWE P HGEHY 0d BE(source
address, destination address, DS field, protocol D, source port,
destination port, incoming interface )& JIE2Z EEEE NA
8t Z[NAZ 2RI, MY DSCPR MarkingBtLh. Marking® MAS
2 0IH&E D, 012l HUE traffic profile® 2HESH=XIN Tt =F
8tH Remarking, ShapingElHU S@IECH ALIHO2 Markerct 5t
0l B0A EcHEE DIEHESD 0 et Markingdte 22NAE 2
BHCH

<@ 1> DiffServ Boundary Function

Markers &&IXtS traffic profilelfl W2t SHEE Marking8tCt.
traffic profile®@ 2= ENLS X2 C@ #BE JtXs Green2Z
Marking®l ! 2C L2 MUIAE i O 20l traffic profileS
ZUBE EYEE =2 S B2 IiXE Yellowll Red2 Marking
S3 Greenll High && MHIAE 2 CH

traffic profile®ll SEcI=X &01571 A ABEH= HHUSH T
2t Marker= 3H Token bucket based marker®t Average rate
estimator based marker2 27/ & & UCH

Token bucket based marker= EfHE &F3II fIH St Ei=
OG22 E2 HAS AMSECL. A0 SAUS O, HAM S8t
E3201 UB F2, WA in—profileE MarkingEl ! DX &g &S
out-of-profile2 Marking=ICh. P2l 224X srTCM(single rate Three
Color Marker)[5]0ILt trTCM{two rate Three Color Marker)[6]2 <
He E2 HAE AESIH AF StiA WA'SS Green, Yellow, Red
g BHECL

Average rate estimator based markere= SHHE XD A
E32 B2 U4 average rate estimating algorithmS AHSSICH. JHE
w2 Y® rate estimating aigorithm™  TSW(Time Sliding
Window)([7] Z32IE0iCt TSWE AIE3I01 ECHES AIJIX &42%
Marking®Bl=  MarkerDt tswTCM(time sliding window Three Color
Marker}[8]OICt. tswTCMOIlAE D201 S2& MOICH estimated
arrival rate®  HiASED OIHE PIR, CIRM Bluisi =HBOW Cot
Green, Yellow, Red® Marking3tCt, & 2& tswTCM Z2IEE
SOHEL

E =2UHAE tswTCME 2U2Z 3t SH2H QoS8 2&E &
B M2 Marking MechanismE RIQ8HCH,

avg_rate = Estimated Avg Traffic Sending Rate
CIR = Committed Information Rate
PIR = Peak Information Rate

if (avg_rate <= CIR)
the packet is marked as green;
else if (avg_rate <= PIR) AND (avg_rate > CIR)
calculate PO = (avg_rate — CIR) / avg_rate
with probability PO the packet is marked as yeliow;
with probability {1-P0) the packet is marked as green;
else
calculate P1 = (avg_rate — PIR) / avg_rate
calculate P2 = (PIR - CIR) / avg_rate
with probability P1 the packet is marked as red;
with probability P2 the packet is marked as yellow;
with probability (1-P1-P2) the packet is marked as green:
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ANMOZ MY UWERNIE= Ci=2 DiffServ U222 O0IR0HN
AL 012 CHOSES M2 0222 E=0l & ZHANA CI2
CHOISE EUE 4+ AUsX0 S SLAE SO 2 &0l
Ingress Edge 2tREI0 A= Marker= SLAM YAIE traffic profile
e MESH Marking® $8BICH Ol O O24HXl OIR(SLAY Xi0I
Lt i SOICI0IA & EHT0l BHAs FR)Z traffic profile® =
Mg £ A=, JEY Marking MechanismOii A= &2l Markingat
Ol A demotion(GreenOl A Yellow, Yellowll A Red)0l RHM3HK AR
ek Hetd AMHIAR RMBEFX Rt IR0 42 £ AL JIE
9] sITCMOJLE 4TCME demotion0] ZHMME 2R, T O3 SOHAW
M traffic profile® 2tZEAIHSE promotion(Yeliowl A Green, RedOi| A
Yellow)8 AMAFTI RBCH WOGetA, HEE HUIAE 20O & I3
0l S0 AUlALl 20 €N 8 & UL 2 =20ME HSB
Ol Green2Z MarkingZI{Et W20 S2t THAUAM Yellowlt Red
2 demotionTIUE 22, 1) 01%2 THANA traffic profile® 2HE
AN 2O UE HHlAR AUSEZE promotion8 MFE
Marking Mechanism& M o+stC},

D3 32 JIESY MarkergS SX8 2HECH X=2 DiffServ Tl
ol AR E0IQE= IR0l Green22 Marking&l ACHY JHESHAL, <O
o A2t B AIOIOIA traffic profile@ X M3IS, Yellowll RedZ
MarkingE!Ct. Ct8 SOIQ! B2t C AIOIOHA CHAl traffic profile® CHE
NZICH 8 X2ts JIEL Marker§2 CHAl Green2Z promotion AlIAH
FX RS DA THQ CLHUA Yellowlt Red2l z2t® JHXIH &
0z 230l gag 22 CEE 4RO =0 J8 4= 2 =20
HIO5l= Marking Mechanism0) 0l2i8t 2HAESE HFdl= 8 GE
POED UCH SO AMA Green2Z2 Marking=®! 210l THQl B
Ol A traffic profile® LEAIZIX 23t YellowLt RedZ demotion&
D T COlM CHAl traffic profile® SHFAIE ZFR Green2Z
promotion& [t
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REITL KMOGt= Marking Mechanism@ J1E3Ql JHEE &I|9
Marking 22 E T SHM XM HHA 0 FEE 2222 30
SEHQ End-to-End QoSE ZEXM F= A0ICH Ol BHE &
Xigl)) st 2HOZ DSCP EEOA B MBI U= 2MY
CU(Currently Unused) BIEE IM(Intitial Marking) HIE2 HSI810{ At
S8 D8 5= ¥l DSCP HEY 220 AR M HIER B
ZER 2030 UL
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Reserved for future use Initial Marking Bits

<18 5> DSCP ZZ=Q MEY

<Initial Marking HIE>

No initialization 00

Green 01
Yellow 10
Red 1

<H 1> Initial Marking BIE2l H9|

2 =20 A Hetsks Marking Mechanism 2129 DiffServ TOil
1oz MH2i0l E0I8 M, M HIEDF “00"0I1% OFE! MarkingOl EIX|
U2 US| A0IBH tswTCMOl M2t MarkingE +#83C. d2i2 1
Marking 28 92 I 10§ @2t M HIEE Agsit. 0 835 o
2N TOHoE HX= SO YK gt 228 S22 OE &
DRI AME IM HIESE #2181 22D “00"01 OHLIM OIBI Marking= i
A0lgts AR 21 0 HEE XIS, 72 20/ avg_rate(EHH
o BZ &4 rate)B XD OIS X240 EZGH RAeho
MarkinggtOiLt GIRJt S0 O &F& 22 promotion AIH 0.
IM HIE2l Marking2 M2 M8 ZH cHLEINAM 8 Bior S8E0)}
FHEQ 22IF0 CH8 pseudo code= & 60IM H O

NMZ& Marking Mechanismlilde= JI2Xez 229 Green,
Yellow, Red® Marking® W22 RE X2 UCHD JtFst2, 2
9 Z0i avg_rate, M HIEE DI Markings 880 39
Z0l= A2EHDICH 222 ZHOAQ 200t oLzt &M B2 A2
Ol CHE HIEZ HOYECE

% 60iA Line 1~32 IM HIEDJI "00"¥ [, & OtX MarkingOl
SHX YUB MY LIDN2ER; ZHEC. OlME tswTCM(OE 2
X)W K0l Marking® #3133, Marking 220 T2t M BIES
Him 20! Mgt

Line 4~19= IM HIED “0172 W, & =J| Marking B2t Green
e T8 2O0ECH X=J| Marking HE2Jt Green0I22 RS 20I2
avg_rate® XT3 U Green@Z2 Marking8ledd &80},
avg_rate?t CIRELCH BNLt 228 Green@ 2 Markingdt 2, avg_rate
Jt CIRECH 31 PIREC ML 28 WMOSE =J| Marking HEOt
GreenOl22 Green F2 ZI0{2t 0.5820 HAMHL 28 WUl= Green
S Marking®tCt. 0.520 2 Oidl=s JI1EQ tswTCMZt ZCh
avg_ratedl PIREC 2 MOIE XJI Marking HE2It GreenOI2&2
Green RO ORI U W(CIJIM= 0320 ZAHU 28 Dos
Green2& Marking®Ct. 0.32Ct 28 WMol AAl JIES tswICMIt
#Ch

Line 20~382 IM HIEJL “10", & XJ| Marking F2J} Yellowd
ME =2HEC. =IJ| Marking E2JL YelowOlS2 ]2 20
avg_rate® & X8I EI0E vellowd ZEEoI0 FI, 6L &Y
Green22 MarkingdlJI& BICt avg_ratedt CIRZCH &ML 28 WO,
RHRE GreenOl OlLIEL YellowH 22 XA Green@ 2 Marking
St= 2000 OtLIZt Green R 2010t 0520 L 28 mog
Green2& promotion MFE1D QWX %E MU= YellowZ Markingst
Ch. avg_ratedt CIRELH 31D PIRECH BHL 28 M, Green 7Y &
OIJt 0.32CH FHL 228 Green2 2 Markingdll, 0.32C+ 3¢ I
E2| tswTCMt =520l Marking8tCt. avg_ratedt PIRECH 2 Mol=
Yeliow T2 0ot 0520 ZHU ZSH KA Marking HE2O!
Yellow2 Markingdtxl 1 210 J1ES| tswTCMIE £201 Marking 8t
Ct.

Line 39~55& M HIEDL "11", & ZJ| Marking 22Jt Red2 T
B ROHEC. XD Marking H2IJI RedOl2! &tXIQ, Green FL
Yellow ROl ORI UE JIL, GreenOlld YellowE Marking® .
avg_ratedt CIR®ECH L 28 M, Green 72 2017t 0.320F HH
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L 223 Green2Z Markingdt, Green F2t 0.32CH 21 Yellow
Aot 0520 EH2HW YellowZ Marking8tCh. J@ Xl ¥2® RedZ2
Marking®tCl. avg_ratedt CIRED 31 PIREC HHU 28 OlE=
Green &9 ZLO0IJt 01820 QM Green22 Marking3dtd, Green
FI 0120 3D Yellow #IJF 0.32LCF 29X YellowZ Markingt

. 2 2ol 25 Red2 Marking L},

avg_rate = Estimated Avg Trafflc Sending Rate
qlen_Green = Estimated Queue Length of Green packet
qglen_Yellow = Estimated Queue Length of Yellow packet
alen_Red = Estimated Queue Length of Red packet
CIR = Committed Information Rate :
PIR = Peak Information Rate
IM = Initial Marking bits
PO = (avg_rate — CIR) / avg_rate
P1 = (avg_rate - PIR) / avg_rate

= (PIR ~ CIR) / avg_rate

01 if (IM == *00") // Ot Marking0l EIXI & W3
02 Equal to tswTCM
03  Marks IM bits (Green, Yellow or Red);

04 if (IM == "01")  // ZJI00 Green2% Marking® 3!
05 if (avg_rate <= CIR)

06 Green:

07  else if (avg_rate > CIR) AND (avg_rate <= PIR)
08 it (glen_Green <= 0.5)

09 Green;

10 else

1 with PO, Yellow:

12 with (1-P0), Green;

13 else

14 if (qlen_Green <= 0.3)

15 Green;

16 else

17 with P1, Red:

18 with P2, Yellow:

19 with (1-P1-P2), Green:

20 if (IM == "10" /] 23|00 Yellow2 Marking® 3!
21 if (avg_rate <= CIR)

22 it (glen_Green <= 0.5)

23 Green;

24 else

25 Yellow;

26  else if (avg_rate > CIR) AND (avg_rate <= PIR)
27 if (glen_Green < 0.3)

28 Green

29 else

30 with PO, Yellow:

31 with (1-PQ), Green;

32  else

33 if (qlen_Yellow <= 0.5)

34 Yellow:

35 else

36 with P1, Red:

37 with P2, Yellow:

38 with (1-P1-P2), Green:

39 if (IM =="11") [/ ZD|0) RedZ Marking® WA
40  if (avg_rate <= CIR)

41 if (qlen_Green <= 0.3)

42 Green:

43 else if (qlen_Yellow <= 0.5)
44 Yellow;

45 else

46 Red;

47  else if (avg_rate > CIR) AND (avg_rate <= PIR)
48 if (glen_Green <= 0.1)

49 Green;

50 else if (qlen_Yellow <= 0.3)
51 Yellow;

52 else

53 Red:

54 else

55 Red;

<% 6> XieHst Marking Mechanism®@l pseudo code

0] 2NEIESE tswICMI HIRHESH, tswTCME O|&2 Marking
HEE NS §10 RE B avg_ratetE XD Marking® *
#st= color-bling S22 SH3I, MO8t Marking Mechanism
2 ZQ Marking L& J|dt0 A8 D6t Markingg +=#35t
= color-aware 2EZ2 SHetU= X088 XD ACH
color-blind 252 HAE O™ Marking gt &R0 WY rate
OF JtXIZ3 MarkingS +%822 8 IR0l HH4st® Yellowlt Red
2 Marking® i3 Green2Z Markingd O O U2 AUAE 28
& AUE=E A0ICH otXIgt OIEH 8 &2, 0l HAES 20 OGS
SH2E WAES avgratedt HXD RN SN OS0 S0HLe
Green IS0l CIRE B0 Green22 MarkingT Xl 8 4It UG
Herst Marking Mechanism2 Olcigt 2HE R Z0IE& 0IB6HKH
2 BCE. Yellowlt Red?! INUEO| avg-ratedt CIRECH =D 3H04
T, @XH Green2Z promotion AIHTEE 240! OlLI2t 3o 2010t
UM UL B Y20 Green2Z BHEL

color~aware 252 SES= sITCMOILE trTCMIE HIRES
sITCMOILE 'TCME HIZ 01® TMele Markingat 28 X310 O
R0 TR0l U8 MU E OIELl Markingdt OIA2Z promoticnAl A
FX F=Ch. SHXiot HeHE Marking Mechanism Ht2 0182 ZO
212 Marking HEIt OtLZt AMSXIe SLAE %2 THLWme
Marking 2528 IM HIEW JIBYBOIM NES AIBIA 7 AIES
e+ UD, Eat T gt X306 HRY TR0 AUS OHolls, |
9 Marking2t2& promotion AIH FO AIBXIIL @A8H= MUIAE
28 £ AN WEC OEAH XY M 2= (Markingd2)&
VAH BEOZMH CHE DiffServ SHQAMNAM &2 SH22E X
AES B5WH & + UL, Wetd 28HQ G2 QoSE 2EM
= UL

A5, Hetst Marking HIHLIES F JHX LA F IS}
H OBH, M HBIEDL “00"2 B2, Marking0l IO /UX A A0I22
JIE2 tswTCMOI M2t DSCPOI Marking€ 6t10, 3 MarkinggtOl T
gt M HIEE MESCH § HE, IM BIEJ 00701 Ot B2, IM HI
EE IS0 FOX ZDZIE0 Mt OSCPOl Markings 48 8HCH
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Marking MechanismZ AMIQt8tRIC XQH8t Marking Mechanism2 2
CIE MarkerE1ll &8 JI=3l0, R scalablediCh. &% 22li= IXP
2400 Network Processor[9][10] &AM DiffServ 28 PHE Sl
Of BIAHLIBS2 S48 HISD BAAH LZ R0ICL D211 =Y
H88 20l 7Y FOHUWIIAE 05, 0.3, 0.15 AR)E FOHHO!
& 210ICH 12l GIIdE IM HIES 2tot8 12 Marking® 28
8l= Mechanism2 HIQHSIRE=0, 20 L2 85 S48 AdiMdE M
HIE ¢ OtLigt Hi2 OI™ Z0elel DSCPE ot= s£8& FIt
AHOF 8 210iCH
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