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ABSTRACT

In this paper, we proposed a queueing discipline
working on switching node. It can control and im-
prove efficiently the distributed resources of switching
node, like buffer space and channel bandwidth. As we
know the simplest FCFS queucing discipline can't con-
sider about packet's length and fairness of each con-
versation. Another famous discipline, Fair Queueing,
which promises the fairness among coonversations but
needs much time to compute. Our method called
"Look Ahead Shortest-Service-First" that is not only
ease to implement but also satisfying the fairness as fa-
miliar as Fair Queueing. In order to verify the ad-
ventage of our algorithm, we design a simulation
environment as same as the real Internet architecture
and protocols. And we will use the results of simula-
tion and focus on fairness, queueing delay and
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impiement complexity to make comparisons with Fair
Queueing.

Keywords: Queueing Discipline, Fair Queueing,
FCFS Queueing, Fairness, Network Congestion.
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MR ERENEREREE S HEEE - WItHE
FHERRETSHRESEEEE 24 18] °
TR BRI AR L EME A1) -
B —RIFFEBEE (source host) i W BEHERHE
(packet) BB TR ET IR B EHEEE (flow
control algorithm) > HFRFT B IR T B HAYERE
R %S (destination host) FIARET & (buffers) HEH
BHRER - (ERMERONE CAERERRERD
HREHERENAR - S—EBRIZEEEE
(gateway) L EBBE (routing) MHEFE (queueing
scheduling) ¥ BE I HIBEZE - ELANERF A ) 3@
E& ¥ (adaptive routing) IR BEHERE TP EUHRIR
BREY (network bottlenecks) * FEHFEEEEHIERE
HESEHNEFEREESEEY - W AUURE
TEIE R E B MERITESE (traffic) © BB L&
R GIER  ERMIRRATENERE S
AR AR B — 2 HARE LR
EEHEEERERY » MEHIRW (sender) L
W EIHH U EE (packet ACK) @ HEETRRALHIRRIRE
R - AREERERL - MR SETHETER
B - RtE B AR EHERGUAVRTEY, - 8BE
B TR B AR R B I R RE - — B RIfToIEE
B YARRRERTSEERE  BRAEE
FI# (ill-behaved user)[15] K ¥3E& B #LB R (petwork
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ent) #8R& hZ SBRVEF M - ATDURIEHERR FROBEAIE
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Fig. 1. LASSF MODEL
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SERENIRSE - WiFHEE  BEA LA =8
WIIEE(12] ¢ SBE (bandwidth) * ##/R (prompt-
ness) AR BETR 25 (buffer space) ° AR E ]
BEENSE  LWHEBEUUEERGERE &
TR ZRBEHIETR -

EHRMERAB LR RBRBFE (First-Come-
First-Service) & » &P 2 R ZE BTG R RINK
B Y - RRERFEEERSKT 2ER
+HOBERFRRE - FCFS #ME - Riv P
MR BER » RILAES ROGBF g~ #x
A - S—#EhEREE (Round-Robin) RFEHIER SFT
B AT PR EE S (Far Queueing
Algorithm)[8 * 12 * 17] » AR EZHEEHAD
(packet-by-packet) SRALTTEEAITT (bit-by-bit) FITZ
MEHE—HALKBEBR (source-destination con-
versation) ’ ¥ F—EBH E 8975 (queve) © It
KRR BEFRERBEENE R
AHRR  EEAFHERFRRFEA -

BRI ALEERTREEEGEFRITTET » &
AR B4 (Shortest-Job-First) BIBEIZEHE 15 > A]
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SXEERBEE%LE ) Look Ahead Shortest-
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B EEEEENEE (connectionless) #J
MR BIE (R EEAER T  BEFREFED
SHEAWSERLSEFERE) 1B EEEEER
— BB 77 # %S (setup connection) £ > BEERANEF L
B o EN\THFR RS - R ARE TIERHTSIEE
F21E (work-conserving queueing discipline)[3] * & &
#a#i%G (switching nodes 20 routers, gateways) RN £t
fIRF G EMERHEE T —EENES ;B HEnEs
HEEERHAR  HEERREFETYI(ERER)
1 (queues or buffers) > I B S EREREEER » A
—{EEAE AT DA B B — BT I B EH -
EATYI AT T BRIk » BIA4RATER
HEFE (protocol) EFR A - iR EFERE—MEEt
A PR TFIheyE S ER - Rtz Bfin
FHEREISEEHBENY  DUIRHIHRRFTIRA
H R IR SR FRE] -

FiE 13k M3EREE LASSF EE: » £E+HE
nREEARBEE LS - EHEAER | R REEERE
—{B COUNTER, RiC#cEMR i LERT SO AN
(BRI Byte) * HEAEREIATIRETEH] - 9L BHE
E CFT/B8Y BUFFER, - $1F* BUFFER, (95—
BRI PACKET, #or > HA/NE SIZE, - 55
AERFTE ST PEHEEEE TR BER
AR AR EBLE R S AT EYAY (ACTIVE) EARMIELR 1 -
2) » RZ5{KiEA INACTIVE) - &5 T A HEET
B BMEHX C~COUNTERASIZE, °

B4 E S EEER (OUTPUT LINE) 2 7{E:8
B (free) » T F ikt —RE/ MY CfE > I
{#El PACKET, BEHERNHE - 58 cAEN
BE  IMRERETIEE% (Shortest-Job-First) #J
FEMAE SIZE AN - BT EREFEATHT
LA ENES - BRFFEZFAR COUNTERFIEZR
FEEIETEE R - HLKRMIY COUNTERHIEHNH
TR =EEEAN



TEARDOWN i
COUNTERi =0

BUFFER i > 0 and PICK-UP i
COUNTERI = min COUNTER] , j<>i

a0

Fig. 2 Diagram of STATE changing and EVENT / COUNTER updating

INITIAL
COUNTER1=0

SETUP i
COUNTERI = min COUNTER] , j<>i

BUFFER >0 and PICK-UP i
COUNTER: = COUNTERI + SIZE

BUFFERi=0
COUNTERi = COUNTER i

MWEESR WE—EHEIER - 8|S
COUNTER, SR EMER jHR/IME - (&
IMERRERE)

QY& HEE S FER > ERB—EEEE
ERRMASCHERSE - (EF X BFHRAY
EHMAY /)

(3)E STATEH R L8V A RTEIARRERY - FR 1T
B4 COUNTER, FNH AR H5%/MH -
B/ MELERFS COUNTER,)

EEEED > STATE &8 COUNTER &
FAREY:  THE 2 RFR - FIFAEEES
AR FEREEREBRE AT M ZAEERRE
HE  EOQ)BSPHEEY  HETIHHNE
BREUA L BA XN BEEE RSB EEE -
HHEEERER—ESR > ARENESR 258 A
BJEARIARAE -

SIZE COUNTER STAT
Conv. 1 l _T— i — IISOJ 3000 Normal

Conv. 2 1 - L._ l 190] lm 2000 Normal
Conv. 3 180 l 80 l 80 I 80 ] 3150 Normal

Conv. 4 [400L400' - I - J 1000 ATCOrTVE
Conv.Slwol-—[* l“ l 0 sT;::JP

3 2 1 TICKO

Fig. 3. EXAMPLE OF LASSF

BAFIFIFA B 38951F2REREA LASSF % » &
RERIER 19F - B 3P ERTERHELER 1 -2
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I 37ERFE 0 (TICK 0) BHTFIEREER! » T 4
GER 28F > IR IEE A TTENRRE - B ST
PR SRR ILEAY - FTLUKIE LASSF ¥ » 708
Mo XP|EABGRBEHR :WHORERES
2900+190 < 3000+150 B 2900+190 < 3150+80) ° B
M1 FEERER 1N EER) - BFAYE
Frf 37EBRER 4 2% © COUNTER, B
3490 ; DAKBFR 41% » COUNTER s#1% 3190 - &
FAfEMES BIR R RT & R MR (3) 8 (1) 2 -

3000(150) | 2900(190) | 3150(80) 1000(-) 0(-) Conv. 2
3000(150) | 3090(190) | 3150(20) 1000(-) 0 Conv. |
3150(-) 3090(190) | 3150(80). | 1000(400) (=) Conv. 4
3150(-) 3090(190) | 3150(80) | 3490(400) 0(100) [Conv.s

3150(-) 3090(190) | 3150(80) | 3490(400) 3190(-)' |Conv.3

3150(-) 3090(190) | 3230(80) | 3490(400) 3190(-) {Conv.2

CNT means COUNTER
*3490=3090(Conv 2)+400  “3190=3090(Conv 2)+100

Tab. 1. RESULTS OF LASSF

BEFMEEEE 4 Fow
VARIABES DEFINITON:

COUN TER,:counter of the conversation £ (packet sent)
STAT. E;:state of the conversation i (ACTIVE or not)
BUFFER,;buffer in switching node of conversation i




PACKET first (head) packet of BUFFER,
SIZE :size of PACKET,
C=COUTER+SIZE,

Main Function:

letall COUNTER,=0 and

let all STATE =INACTIVE;
forever
if output line is free
get packet from queue
[call get shortest_packet()] ;
update the C OUNTER i
[call get_least_service()] ;
COUNTER, = COUNTER, + SIZE,,

remove packet from Q, send it to next;

update the STATE,
[call change_state()] ;
endif

end.
Function get_shortest_packet()
for all conversation i compute the values of C, i
we choice the PACKET, of min C, ;5 (for all
SIZE, > 0)
return PACKET, :
end.
Function get_least_service()
if first packet comes
COUNTER,= min COUNTERJ.; (for
all j<>i and COUNTER, > 0)
else if last packet comes
COUNTER-0.
else (normal situation)

if STATE, = INACTIVE
(INACTIVE => ACTIVE)

COUNTER,me COUNTER/.; (for all
j<>iand COUNTER, > COUNTER,)
end.
Function change_state()
if BUFFER, >0
STATE, = ACTIVE;

else
STATE, = INACTIVE;
end.

Fig. 4. LASSF ALGORITHM

Z - BETBRAILEK

RIER IR LASSF 82 FQ fF—Lb#k - [h#k
HME AR AE » E—-EREHEEENEREE
R R R E B RS Ry B R RUREE -

3.1 LASSF #1 FQ ¢4 $4T#H B2

LB AT ERMAEE —T FQ EEE
(12] > E% > TFTH FQ HUBEEEF—ft -

P i,‘ FHERR i L HEH T HERE (Packet size)
F ik FEER 1 B HEE AR RS (Finish number)
R(t') FER i L5 1B 0ERMN FIRRERY (Round

number)

d’ #EG i EBREM (delta) - CHEE - EHRSKIER 7, &
F,, BB 2 BE (correlation) °

B ik FOER  F 5 oAEMUAGEARS (Bidding number)
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WEEH & R() < F, Vk=MAX(lt, < Hes >

ERERBAIRN - 5 RITE FQEER
[17]:

if conversation i is ACTIVE
F\=F',,+P,

else
F'=Rt')+ P,

B! =P' + MAX(F',_, R¢t')-d)
find the packet whose B ‘,is minimal and send

B » FQ XA 2 EBEFTIHAF R
/N B BIERRER - 1 B, ERNREBHERE
P, - ERRMA F L REEY Re ') = EFH
wl - #EAR FQ EZZRMIBY LASSF WRFRIEREE - 15
£ O(log(active N))[17] - {HZ > BRMIEIELAE FQ &
et S EHE  EAER K ROER
e —E B, - WL > FERRG (BF - EH BLAR
FITHIRELS
Cost_Bid_Num(t)=Pkt_in_Q(t)+Pkt_sent(t)+Pkt dropped(t) ..... (1)

(EMEE R Re') BEHET - FEE - T2

IR ~ RIS R SRR R B AR B

BREE) -
TE LASSF 1 38 &5 0 B 5 2 HR SR -
F{¥ COUNTERFIESHT » Atk » EHFHIRBS -

Cost_Counter(t)=Pkt_sent(t) ...

IRERE - ETIPEHEHETE T K KE
EHHEHEERR - (HELL ) fEFFR - 0 LASSF
FEEEE » HAMNE - ELE FQ Frif ARy RERE:
B5THAEE -

3.2 LASSF $# FQ #4833 1%

HA97E U.C. Bekerley FrS¥ B AUIEEE B Bk A8
REAL 4.0[19] _EfFHIEE - EERHIERY (scenarios) B
=E(RE 5 - 6) * FERIRBEBIE (topology) Z7Y
EEEEE1 ~ 2 ~ 362 4 » FRRTRETE SWiREHEE]
FREE D - HohaZ ETBERIIT S K/NS 8KBytes » Ef
HEEES 128Bytes * FTE LB K IREBEE Y
£ 19.2 Kbits/sec » TIEZE (latency) B 0.5ms » HEAY
1~ 2R HAET B AR BERAE S 38.4 Kbits/sec B
FEZ 1ms 5 FEFEAY 300 A #Y 222 4 Kbits/sec B2
Ims °

TR | 28 IU R B BG5S 2 3R A Poisson distri-
bution ¥ 5= ERIRIFR (packet interarrival time)iZ
> T ER 16.8 Kbits/sec * [FIFEF R ELH{ER



&t

queue:8KB

Fig. 5. Scenario 1,2

A 2R | RENE  BUELRRA
ON-OFF & 1A (BI7E ON WERI A EREL
41> T OFF WEMAEL T ME) » ON
OFF MRIFEBIES 15 MK 20 # - H SR
TEE 18.4 Kbits/sec > FERER BRI 14HEF - 158
ERTEEZEHEHRBER (bursty data) B
% o

queue:8KB

Fig. 6. Scenario 3

B HERBRMUESREFESEY > UK
HEESRBEAENSEEY  NELRHEEFER
Poisson distribution * 39 19.2 Kbits/sec * 0
TUBEE SR TTHIRFRI T AIE 0 - 15 ~ 250K 408 -
Hoh 88 = H3:R0% RES 1000B3 dnt—3Ka]
FILEREEERE) > HERNEE 5000fHET RS
AERERRE) -

3.2.1 LASSF # FQ 92 %

FATF AT 7 2 (Fairness equation)[20]
RiEEt&, AEXAT:

(2 Pit_sent_on i)?

] = o 3
Fairness n 2(Pkt_sent_on_i?) (

Hdrpkt sent on i ZHEEIKER i - £E5HE
BRI ERFEN > RMETHOEE - KRR > &
FIEZIE 7 - 870 OISR -

1EE 7 » LASSF £2 FQ /A 84 (fairness-
line) UIFEAHREIN - EFNE—MREEFR - WaE
HEENRR ST -
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Fig. 7. Fairness Line in Scenario 1
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0.0 LI EN b
5 55 05 155 205 255
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=®»FQ <« LASSF

Fig. 8. Fairness Line in Scenario 2

7E8 8 - EiFE ON-OFF R HARs » FQ ¥
BERNSEREEAAZE - T LASSF MEATF
BREYEE S (oscillation)Eb FQ /)N » T B RATH E#A
HEEEE - 3E3REA LASSF B A EABRRI A0 s
gtb FQ RHIF > BRETEEEZINGE T B4R

06 -

04 1~

02

20 Lo steangtse et ingiingegg 104115

5 55 s 55 205 255
sccond

L..FQ o LASF }

Fig. 9. Fairness Line in Scenario 3

8 o » RIFICRIBESE 105 BRENES
HZ EHNEZHRERREER  ETERB—X
R H BRI E SR/ NI RS
e BEHTCEZ LASSF MERFES - K8
FQ & BEFTEBE LR 25K 4081985/ MEE
BRE  FLAFTCABIR LASSF BEra g mARs
BRI RES T g -



3.2.2 LASSF 1 FQ é#g 2 -Fig3E 8

8 109 > MEEEEHNTEERNER
THETTIEES TR —HY » B—RARPTERK
3% F LASSF BYEES -

2.5

2

15 =

second

1 P

0.5

Conv.! Conv.2 Conv.3  Conv.4
[mrq  WLAss

Fig. 10. Total Ave-Qing Delay in Scenario 1

second

Conv.1 Conv.2 Conv.3 Conv.4

[mro  mLasse

Fig. 11. Total Ave-Qing Delay in Scenario 2

second

Conv. 1 Conv.2 Conv.3 Conv. 4

Hrq MLASSF

Fig. 12. Total Ave-Qing Delay in Scenario 3

EE 11 BFTEEEIUREELR 0 LASSF fi
EEEMNFEREL FQ XM A FENRERE
LASSF B 7 ERIENAFME - HHTE ON/OFF
SHSEAIA ON IFERE » IR E AP =
% - 1 FQ HI 2 ON KEX ¥ » B# L EHEHE
8 - LA LASSF 8y A EBEE FQ &KHIA(12]

296

TOEHn T GEFFETFIRIBSREATEL : K& - HAti=1fk
BERFRLL FQ REYET -

FE 12 7 ERETENERER > AR
TREER - FLEREE)  EERETY
ITHIFEEAE R L EALEARE - T RSB RABRR
TREFAER] -

i B = %

FEARN S B T —EFaUTFIHEEE ¢
SBEARERBESE - TR FCFS $HEE: - B
ATHS IR LAEIR - R RIERE
FEHRTETEERAZE SR ARBYN T Z
B ERERBHITFK -

REESILRNER » EREELTFTERTH
BRI REE R NN A FHEE - Britbz st
BN EEM L (implementation) tE AT BEFE £
B AEEMAER RS S RER  IREEEHE
BrAR - KNSR R E—RIRRRER
8 > R2KRY BISDN iSRS - LARE®HAEE
HERY B KL » WEEF (voice) ~ 18 (image) FIiR EA
(video) & - it » B MR AR MRS S EBIR
if (quality of service quaranteed)#& A [5]Z) SR F
% > HIAPIEFZE (real-time traffic) FARFE AL HE
E[1~9°10 1113~ 14~ 16 ~ 18] = & °
Parekh[211%5 & T Fair Queueing 5 Leaky-bucket °
HERR AR RNEF 3T BRAE L AUREE (performance guar-
antee) * SR » BHH? Fair Queuneing EHERIHREE > 4
REEFEEEBUEK - XK > EKFISHLL TR
7% BH A AR R AR BERAENTEK -
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