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CS144: I EHRBSIE — HEZS

R
1. nENmRIER
2. HEBAFEIR
3. AR MEBAFUAEEY
4. 7~f5)
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CS144: it EHNMEEIL — DHEHE

RHBEIR
EHEEIR t_ | —PMURSLUERRERRE ¢ 75 HERmpTRaETa.
tl=1/c

i —MNUSTEERSERE S 2 x 1078 m/s BIEEF{&E1,000kmZEZES5ms,
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CS144: LT ENMESIE — HLEKHR

18I 55 B & X — N S AR B B [E]

NE— M RXRRIRE— M EIARYES A,

tp=tt+tl=p/r+l/c

Pl —100bithy534ELA 10Mb/s RUIERSRIET Tkm $EERAIXFRE 10 + 5 = 15ms,
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CS144: WEHMLESIE — H1EH

i 2l im E IR

M A B B BB, RIITEXS DB TR,

Q: KEA p NHEM A Bl B EESKIE? (NE1MNUEREEIRE—MURFERNIX)
BRFERFEIR t = Sum(p/r i + |_i/c)

CS144, Stanford University 6



CS144: THENMMESIE — HHERIR

gt L FE
DHRBI SN (S1, S2, S3) BB FE.
IHBIEFER = Sum(p/r i + 1 i/c)
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CS144: THENMMESIE — HHERIR

T HEPAE 1R A i E im i 1R
HithsHrTBEERAF IR, 1IN T ENER,

IHFNHFER = Sum(p/r i + |Li/c + Q_i(t))
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CS144: WEHMLESIE — H1EH

FAFEIRT L
Stanford-Princeton: 4,000 km, Zx{¢£950ms
Stanford-Tsinghua: 10,000 km, Z{££200ms

(RO mERELE CDF)
CS144, Stanford University 9



CS144: HHEHMMESIE — HEHR

B R AR PAFI A fa] SR AR EY
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CS144: WEHMLESIE — H1EH

B R AR PAFI A fa] SR AR EY
A (1) : EIERTA) t RURITRAZL
D (t): #LLERHIE) t RORTHETFER
Q(t): AHiE) t BIBAZIRAYSHEL
kERRBANRARENILSE
MR
1. A(t), D(t) SRR
2. A(t) >=D(t)
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FAZI R ] R AR EY
ACt): BRUERTIE) t FORITBHA

a(t): BAFISRE.

MR :
1. A(t), D(t) BRI
2. A(t) >= D(t)
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D (t): #LLERTIE) t RORITHEFFT4L.
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DI



CS144: THENMMESIE — HHERIR

FAZI R ] R AR EY
BAFIERE: Q(t) = A(t) - D(t)
HERAEESR d(t): 7ERSTED t BUAROTFISERASUFRTERRAOENE), IRIRPAFIRSCEISEARSS (FCFS) HUAUIRS.
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CS144: LT ENMESIE — HLEKHR

wl (FiER %)
575, —4 500 bit #534ALL 10,000b/s EHEZERASI. BAEFFERS 1,000b/s, RIUKTHLRRESD?

i FEENEERI1sEHIA, BAFILL 10,000b/s A9EZRIEZ0.05s, ZAELAL 1,000b/s AUIESRHEZS0.5s, 7ERI0.555M,
SEHIRAGI SIS 250 bits, BAGIESANEEEHZSH0.45s, EILFEHAGISEEY (0.55 * 250) + (0.45 * 0) =
137.5 bits,
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CS144: WEHMLESIE — H1EH

B CRIERFER” )

g%,  —4 500  bit  MHELL  10000b/s  HGERFHABAF. BAEFHERN
1,000b/s, AFIAORTEIS SFRRESD?

R EENESHIsEHA, AFILL 10,000b/s RIERZRTERI0.05sAIRFEE] 500-50=450 bits, #A/FLA 1,000b/s
AOEEERHEZS0.45s, FERT0.5sP, SPHIBAF SRR 225 bits, RAFITEE/NERBHZIR0.55, HILFIIAGI SRR =
0.5x 225 + 0.5x 0 = 1125 bits,
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CS144: THENMMESIE — HERIMR

MR L SELL H 57 4H B EENE?
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CS144: WEHMLESIE — H1EH

BIANBRT, A FEAZRER FIFO (B FCFS) PAF
ZMX AN B
pap =) NE PN E Y NE YN
ARS5ER=R: R
SEBEFEIAR B
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CS144: THENMMESIE — HHERIR

BOABLT, ZHRHLAEEEHRSEER FIFO (BD FCFS) BA%I

(B7RZE(K)
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CS144: WEHMLESIE — H1EH

RENEEEE
i3
1. FERFRIE TROEHIRE (PIHEHIRRRERRISE)
2. kEREAFRRE BRIt EESHIER)
3. BFHFENABIRE (FIaIsmei)
4. R1E/REFSE IP HUHRE B E20RS)
5. BHE)BURRAYRE (BIANRT$HERST)
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CS144: WEHMLESIE — H1EH

i (Flows)
SRR, iITieHE—ERHEMISE "R RS EI, Fian:
1. BFA— TCP EEMHER — HtEimR: TCP i[OS, 1P ibik. TCP #Y
2. R1E Stanford B934 — BETHISK 171.64/16 RIERT IP HEAIEFRIR
3. 38 Google HI54E7 — HET Google HERBIRESHIR IP #ltFRR
4. fF3 HTTP #hi)AY9 Web 4R — B TCP ixAS = 80 HERR
5. BT RIRSEFNSER — BEBERT IP TOS (RFSEE) FEKIRA
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CS144: THENMMESIE — HERIMR

K
1. =845k (Strict Priorities)

2. ISR SRERRIE
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PRI R
S i
RS Rin
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CS144: THENMMESIE — HHERIR

FER& IR
IR
MR
“FERILER” BRERBEMEESNEARITATIEATH, A 2RSFENNI.
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CS144: WEHMLESIE — H1EH

RS : FERIEMNEM
1. PSSR AT LA SIEREERING I —iE .
2. R ERERBEEESMARAIATIER AT, ZRIRSFENT.
3. &R "BE" NE—NRERMARRENINE,
4. BTN R ABEEMLRR. FERFISMITHRENE.
5. NRTEEHSMARRENE, FIRETERIF TR,
6. B MFFERVEZENN (MAET) 55K,
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CS144: HENRESIE — HEH

WATLEF IR (MAZF8) HER?
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CS144: LT ENMESIE — SRR

X EFEFXNFR
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>
N

A

CS144: IHEHK

i
@

216 — oH

i

R EFFTFR
BRBNRLERENSEERRX, BHIRERITAMEE.
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CS144: LT ENMESIE — SRR

B LR ER
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CS144: THENMMESIE — HHERIR

REAFEER
NESNRLERRNSREERRX, BRIIFAEE "pHERE" 7.
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CS144: THENMMESIE — HHERIR

BIEBREERENMR?

BD: o4ExcH, (BB RIFTE?
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CS144: HEHRBSIE — HE3

NIEBAF (Fair Queueing)
DRI ER S S =P AIRR &,

i) XEERETF T AF (BMEE) AUEIRERDER?
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CS144: THENMMESIE — HHERIR

!
1. AJLUEER, ERAFIRSANEFIEIASIGRIRAEIREY L max/R
REARKESH R 2HARERATEIRER,
2. TERBRIBI T, NSRS ES AR R El.
3. ZEERAY REFLF RIS EERTR.

[1] "Analysis and Simulation of a Fair Queueing Algorithm" Demers, Keshav, Shenker. 1990.
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CS144: THENMMESIE — HHERIR

MRFEMNELETNRIERER D EIE?
BP: I A ER,
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CS144: THENMMESIE — HHERIR

TN AFEBRNF] (Weighted Fair Queueing)

52Zai—#, pEERE(1ERIE A EPRNIRFAE.
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CS144: WEHMLESIE — H1EH

PNARZAFBAFI (WFQ)
MNHEEHENRMERSEXNMNES:
1. ERINUE LR SRREE D HAYEFFRTIEL.
2. BT EBERIRAr e R 5 4.
Wi RIERBED phi_i * R BIER
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CS144: THENMMESIE — HHERIR

AR FERAFI (WFQ)

BEIERRAORANSED KRR, AEBE D HBAERRH TRE.
Wi RIERBZED phi_i * R AUIRZE
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CS144: WEHMLESIE — H1EH

&4 4k

IN=H
1. FIFO PAFIR B RS iIRBINTR, iIRBRIDEEE,

2. &R BNERnE "B NE—NRBRNERRENNG. NRSMARRERR,
XREA.

3. DM AEBASY (WFQ) SeiFEA B RR S Serk BT BRI B R, MTEENR—MRIERIIRSSIESR,
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CS144: THENMMESIE — HHERIR

FATREBRIEST BRI 74 3T 3R 4 A IE IR ?
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CS144: it EHNMEEIL — DHEHE

HERIRIE: E3E
LIMERERE (EFERAEHIT): p, ¢, Lif0 ri,

SNEREATALE Q_1(1). Q_2(t) F Q_3(D) HIER, BRPARA I AIEHEIHRIER LR,
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CS144: HEHMBFIE — DHEKIR

PAFIGESR &

Q(t) B EFH b, IREEES r, W Q(t) <= b/r
Tl NE—ANBERA AN 100755 FIFO FABY, PABIBRSEIERS 1Gb/s, MEZ4S4BIFIELE 1076 / 1079 =
Tms WEFF.
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CS144: THENMMESIE — HERIMR

IEIRIRIE: B

imEiiER ERAR, BE N AFIRSRATER RN,
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CS144: WEHMLESIE — H1EH

At AR ARER

1. REHFRNE r 2 < r 1 BRRERNA. DESHEERD?

2. BHEUIINAME D EBRA— AR BIREAENREHARRREHIER,
0: M AT BRIRATRES HRER E57?
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CS144: THENMMESIE — HHERIR

AR FERAFI (WFQ)
BEXRRAOIRORNSED LR,
Wi RIERBZED phi_i * R AUIRZE
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CS144: THENMMESIE — HHERIR

AR FERAFI (WFQ)
BAFEERRAN b_i,

% i MR <= b i/ (phii*R)

F i ARIERBED phi_i * R HEER
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CS144: HENMWBSIE — HHEIR

)R im 2| Im LR
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CS144: THENMMESIE — HHERIR

AR imE im IR
1. BZRHOEAR/NA b BIBATY
2. 55 WFQ JRSSIEE phi * R

BANSERIRENRIER ER AT,
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CS144: WEHMLESIE — H1EH

MERAFANDEENEHEANRNERE? ( “REL” )
1. NRHDERIERIT, AFIEB _NENLZRIHAFE 78— — IR, ZBRATUKAZ.
2. MRHER "RE" FEZHEE SIT8ELIEE phi*R RUIRERIX, A\FITTaEEE, SEOEER.
3. ERLER TXARERIEE. BIMNREAVELRME S HINGEIRIER, HEELERE, EAT?
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CS144: THENMMESIE — HHERIR

JEtEIAT 22 (Leaky Bucket Regulator)

PRI “3e%& 147

LMETEIRE r £aShE

SHEREAN: s

SHEN -> SHEEH
HENYEPACHENA RESE
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CS144: HENRESIE — HEI

JEtEIAT 22 (Leaky Bucket Regulator)
FEEEKER t R ERAR AIEAE R LT LI5R: sigma + rho * t

EHEFRA "(sigma, rho) JET5E5"
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CS144: it EHNMEEIL — DHEHE

ImAEIETIRS

RESHEIE: AIRENABATIATRER (sigma l’hO) 4959, FEBAFILL phi*R > rho AIEZIRSH b > sigma,
BBABFRIREDZ (sigma, rho)-AJRA. XEHRERIX T —MEHRIIREDRE (sigma, rho)-£J5AY.

W8 phi*R > rho B b > sigma, MiZRFFAEDEBETFE—MEHEAZER <= b / (phi*R)
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CS144: THENMMESIE — HHERIR

FEAE—E
gN&R phi*R > rho B b > sigma, N8N EIRERIER ERATLATE.
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CS144: THENMMESIE — HHERIR

BANER
NRERAHZE b > sigma, H phi_i * R > rho, WA LATEHZIHHIER ER,
BRAFER ER = Sum(p/ri + | i/c) + 3*sigma/rho
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CS144: LT ENMESIE — HLEKHR

—MlF

¢ ETEORET BOFZA—RARES  10Mbs  ERMAF  47ms  OHEIMER
(1000335 954E), FRIBIESSERGZERARN sigma i rho {87 BEMSSEEMH ARMIRSEEAEHRA/N?
(BIRIEIERE ¢ = 2 x 10°8 m/s)

A EEERHSEAN (120km/c) + 8,000bits * (1/10A9 + 1/(100*1076) + 1/10A9) = 0.7ms,
BRLAIRMRRBAFIRIEER Y 4ms, 1§ 2ms FERSELLEMEHRS, IS MEHEEAFIAET 2ms x 10Mb/s =
20,000bits  (2500F%3), AL, FH A HPROFEETEEMZE rho = 10Mb/s F sigma <=
20,000bits, FMEAHSEAT WFQ MIRE N phi i * R >= 10Mb/s, BAFIBEZE/> 2500F7,
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CS144: WEHMLESIE — H1EH

ST
BRI FEMEIREETIN T WFQ EZIFRN WiFi FEEHESAREESCIN 1)),

BAHEMEHARAHEHIR R HIERRIIRSS .
At a? - EREERESENREIRINE. - EXSHNES, SEREMLSRNESELEBT 7.
CS144, Stanford University 58



CS144: LT ENMESIE — HLEKHR

B
1. ANERIKAVFNEBATIRIANFOIRSS R, B AT ALIRIET EAYER.
2. WFQ FeirEAi BT IRIBRSSIER,
3. BTULERMIE, INRIRESEREF, BT RE IR,
4. ATBLEEF, HTLMERREETDRRREHHARNSIRN RRE" .
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