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Abstract: Most high-speed IP routers exploit cell-based switching fabrics, whose scalability and performance are
mainly affected by queuing scheme and scheduling algorithm. Input-queued router is referred to as an ideal
structure in terms of scalability. However, it needs an efficient scheduling algorithm to guarantee throughput and
delay. Several input-queued scheduling algorithms are surveyed in this paper. The scheduling algorithms are
classified into four classes: maximum size matching, maximum weight matching, stable marriage matching, and
deterministic scheduling algorithm. The similarities and the difference of different algorithms in mechanisms of
each class are described, and their performances are compared. Finally, the future directions and possible open
problems are discussed.
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Table 1 Comparison of the maximal weight matching algorithms

R 1 I ABCELRC IR AL

Algorithm Weight Matching algorithms Complexity
iLQF Queue length Iterative matching O(N’log,N)
iOCF Cell age Iterative matching O(NzlogzN)
iLPF Port occupancy Preordering and arbitration O(N°)
RPA Queue length Reservation vector O(N?)

MUCS MUCS length Matrix greedy O(N)
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[1),PB-MWM 532 55t 1] LAk 3] 100% ) 5 26 SCHR[26 16 SCHR[251045 70 BI1E 42 2t Bernoulli 477 21 1 538 1)
FVPAE I R IAETE— N WL E 3 PB-MWM BRI TEE ) T 7840 A RE 2T SRR e 1) B, SCHR[26]
PR EE TSI MWM S9E IFIE I T Sk mfeoe v

SCHR27THIE & R B LQF Al LPF SAAE 2 15 i (AR N AN BEIE BIRGE A T gaX A i) 78, SCHR[27 ]9
T LIN(longest-in-network) 5% AH 2 LIN HYTHH 2% i HAS 5 4 i 2 50— i rail £ B8 78 SCRk[28]
H Leonardi %5 A\ 156 $E H — 28 B 575 (F(x)-max-scalar), K H 5 i) 5532 o T 1) 52800 A5 s sy e 31 2 25 4%
S N 2 S T ) B ST R B A E R AR /2 ALEE RV 2 KA BN R LA R AR
JE ).

225 HRHIR

X A NI A B 1 45 1 S B ) B AR AT T A BEHE T Lyapunov R EORI A4S 20 1 B 5 k.

TEAR A M7 10, SCHR[9,2918% F Lyapunov B £k & BLAEH 7 (1)45 70 208 TF I BE B3 AR e X 38, 1T SCHR[30]
K5 TR BR e 1) 58 — M e X R A AR R E I - (1) AT ART SR A B KRR DT L A0V 1K VOQ B rh 8 8 T
LUIEF] 100% 175 1 %65(2) 7RI EL K T 2 HAEO0 T AT R AR OB DU FC A3 CTOQ 5 F 38 #5 1) LA 3]
100% ) £ 5.

TELEIR J7 T, SCER[3 11 A Lyapunov AEU5 AT T B KA EE UG B S35 47 70 438 1A S48 A B BA A B2 1) 24 1
U7 22 SCHR[320 K SCHR[3 1100 5 L M s KA DL PR Jig 21— 285 Dl s KA E IL R L 1-APRX TEIX KRR VL,
— A BE SRR R BCGE w5 S R T C 8 F S B WAl 22 B 22 ), 3% BL AW ) & — AN IRk R EL X P
VLR 1) 22 50 by U AR 85 AEAT A 25 VP AU A7 Bernoulli 35 R, 1-APRX 53k ] LA H] 100%/H) itk
#.1-APRX 504 ) RE IR R RE 55 305 ALLBR 25 52 4 11 G 3R, RIS 1) 22 S s /) 0 ALV 1) A BB 47 D1 e, AT T v AR
FE AR B9 48 S A Bk de A HE L e vk 1 e vt
226 /b 4

PATTINIRVE 1) 52 2 P55 R0 B 1 A U7 T %o e A UG T A 5 KA i IC e v il — AN TR B IK B (1) FE VR R 4%
JE£ 5 T MSM Al MWM 152 2% FE 43 5311 5 O(N>*) Rl O(N1ogN), {5 S B F Ak 52 % FLIZAT I K AR R 2
PR EAL S P E T logN IRIE AU v] LA SRS R VT S, R 45 21 S B 1R S 5(2) 761 ey TH.MSM
TEXS I AR 1 T ] LBE 100% 075 i 28 B AR AR 34 5 1)l 45 & R, Bt & AR AT 2 s MWM Sk, 2
BUBAS I VPN, C 18 & 5 350, #T LUK 3 100% 10 7 ik & 3 A 0 A AL 2 R
23 ETREEENEE

R s U A 1) R — Fh > B A DU S, Be 5L 1 Gale A1 Shapley #2453 B0 A7 0 fif vk 3% 1) B0 (1) 40 9 2
GSA(gale-shapley algorithm), 515 5 2% )% 1 T B2 QNP A8 5 A HEBL IR 2 80k b GSA S35 1 I 4y A\ Ayt
Ui 158 SCHO0 2678 5 5 R AR 8 (R - HE DG T A0 2 v o 2 T2 P ke A e an N /7t s 10 140 U5 ) o 5 FRAT T a0 —
AR 2 A TE 1), A 48 T A 2L 5 15 TG TR P A N R i st 0, 70 98¢ 7 50 G DB A ) i R e N\ 3 1 86 5 i AN e IR
— AN 1, AE 5 2 LG 20 DG e A g 11 2 0

MUCFA (most urgent cell first algorithm) P 7L FI F GSA SLVL R A/ A0 5 175 B8 S N /4 H o 112 1)
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R AR e U R VL e A o ) 7 ARAE BAA Oy Sk A5 oI B 2 B S N o 1 W — MR S L5 T I R i
SCNTEGT R FIFO it Hi A BN v HE R % A5 JGTHIT I A5 70 I AN H [mDRE BEAN S0 N i R Sk A5 o i 58 SHE
9 BN i vty T — AN SE AR 33 ST AR Y. AL 26 3 5K A MUCFA 19 C1OQ it 28 7E g LE 4 4 1 e e A
HugJj ZL—/> FIFO OQ % i1 4.

1F JPM(joined preferred matching)P A1 CCF(critical cell first)P 4k o B A 5615 B0 A5 J0 20 ) 4% B3k )
V) FF) 52 J RV oy T PR 388 3 HE 27— AN G I oy R 48245 G i B IR H BA A v A5 A5 3 i TR DG i AN 4
15 MUCFA $1ik—#f, JPM HI CCF 5Lk i) it UL 561 B 1045 o044 5 SUELHRS.TPM A CCF S35 AN 5 T
58T MUCFA SEIN 45 10:(1) HFF2E 2 fE I ey (2) AV B FIFO LA A% Hh Hk BA 1oy o B B30k

LOOFA (lowest output occupancy first algorithm) S5 vE B AL 25T B 5 CCF S0y HH ) Hh 0 2 0 B %
EICEIAR T HED). 2 ik k2 2 B, K LOOFA 1% H 5 72 3% 452 T 4F (work-conserving) ff), Al L BE #5321t 55
OQ #H [F] ) A 28 6 /1 LOOFA W] LATE A% 4 it 2 SR i 455> 70 21 B AR S0 38 . 3R 2 T2 AN AR i FH AV 2k RE P
ANTTI A T A RS

Table 2 Comparison of stable marriage algorithms

R2 RUEMSIEIRILEL

Algorithm Input preference list Output preference list Speedup Complexity
MUCFA Urgent value Urgent value 4 QN
JPM Arrival time Urgent value 2 QN
CCF Output occupancy Urgent value 2 O(N)
LOOFA Output occupancy Arrival time 2 O(N?)

TESCHR[39] P 1B 35 48 B 28 e I bL S Atk b i N HEBA % F 38424 QoS FRIEMY 3 AR, 20 Bl A AL A
P~ 30005 JC A R A IR TR S 320 (R B EE, Y SR AR AE SR B A7 G A AR AT A - S SRR B R A8 e i B 2%
QoS T . YA & S0 th it R TR W A DT i

5 Jen BRI H et o 45 400 0 B K OB IS e A L A2 (1) e 485 408 5 e K (U D i A 1R K (AN [, I RITIE A
T A R U IR 1)1 55 R FH 2R DA RO AR 4 3 BUURAE, T AT A8 GSA Bk 2 i 3 T4 AN S I B —732) A&
SE WS A ) R GSA T2 5 a2 XA e 38 S N\ R TR ) — AN S8 A WU IC J7 28, 10 A8 A B 4540 R OFAN S g 4k 31
SEAT VLI J7 5, 45 S v] g 3 SRS e S WA K0 K FRAIRC(3) B 2 UGRAREE AN 6 GSA vk, — A Cgdor
{10 32 A B I (3R A P T R AT 45 (4) e S WA AR — 5 A e KR T e K R UG it S — 2 e e A 4 ),

SRR b 35 R (BT ) VG P 5 B8 U5 408 S 72 WG e 7R 0, 368 A 308 < i R R i N B i oy 0, B BT
T S AR DA 5 2% ) 34 B B N 0 1 (B B N ) AELRE ZE BN 3 1, 24 22 AN B H O ) ) N R B — AN
Uity 1IN, P b vt i R 2 30 100 D7 QAR IR e DK OB D) G — R FH AL 1 sl 3 1) 7 =X, T R 405 A YA
SRR AR G D0 56 0 A 5T 32 WA V0L DA 21 2 B0 0 i N IR A B BV R R A T L 1) B K A I SR A IR
FRLRE . R G T U1 B30V B, N B 555 R ] R R A G ) F A B I ELRAIE 19 QoS Fa bt e v Ju L se 2.

24 HEBAEEL

Bf o TR R R ST R S A JBARURR AR N AN ISF I A PR 68 o R 25— AN BA 71— . — ol T e 10 i o 25 o 8 B )
SEPLRAE R TR) A ¢ B S N B 1 7 RN S () mod NYAREE, T TE IR S B 1 R A R IR IR L LR
65— AN 4 4] (3037, Bernoulli 134 X i ] 5L 1 48 4% 1L ) LLIA 1 100% ) 48 1 28,

AT A A B R P A R LT il Chang %5 AR H 1) Birkhoff-von Neuman i A HEBAZZ #HL(BL TR
P BVN AZ #1433 Ffr Az e HL A 3 18 535 5% A Birkhoff 1 von Neuman H [ 238 7 vk AR T 35 00 388 475 50
A=[2], T 5 4

N N
DAy <Lj=12,.,N, > A;<Li=12,..N, )
i=1 J=1

IAAFAE— A IESEE o FUIR S5 H B4R Spk=1,... . KL K < N? 2N +2 ffi1§

K K
A< 0 S0 . Do =1. (6)
k=1 k=1



Jeik %5k IP 3 B P AHEINR R ALk gmid 1019

B R TS ST AR O(N™) AR 13 51 1) 43 ik A e LT LA S IR 45 R B S O TE oo, k=1, K U S8 34 2 14
5220 83 BN AZ W LA FH (1070 2 18 B A7 PGPSV YA f) — TR A FROAS A 3 b, Bt SR % T 5 1) &, o= 1/K, 08 4 5
AL KPR A A R AR B 5 ) AF 5 3 R SR 4 T A 9 DK AN i N - O 2 A A
3, BYN AZHeA L ) LA 1] 100% [ 57 - 38 AH by TS BE 5 S 1 2 31815 12 40 B A, BR1 b I i 2 o ) 5 sl o1 5 vk
ARAFIX AT B AN FRE A3 i R0 T 52 2% AN I 5 i 11 222 (R A8 L.

75 3CHR[42]H,Chang 55 A 4% H T — Bl fa] 20 10 I G0 A8 e MLAR &R B8P AT 1Y) BVN 22 4l (load balanced
Birkhoff-von Neuman, fij#% LB-BvN 22 He#l). 56 1 ZHRAT BP0, 58 2 2R A BN g N HEBAAZ 4o 45 04, %60 0058
A7 T 19 D A R A R 1 T A o A AT R e, R I A5 i N o o B N AR T S R RS
HERE S & — /N AL IR NxN B R R — AN JL2 (0 PR 31 & R B 2 — MBI A AR 2 j=(i+1) mod N I,
5= LA s, =078 2 (6) P BATHE Si=S 0= UNILrh k=1,.. ,N.th T S it —AN B0 2K 5 i e, SV St — AN B iy
[, BN A2 Bl 128 PGPS Hk 2 i A N & B IE BRI A A2 N AN I ) B wp A AN S-S H T B
53— AN R F B g5 AN S N - R R R I/NOX RS TR LB-BVN AT e LA BE5E 5] 100% [ 45
R ESRBIIE R 2 GBS R A I, X S 1 T e R AR,

LB-BvN A # L HA 19 R (BVEMNTEL B AR R O()) ARSI 5 2% BEAR AR A (R AT v Re 30 )
—fi A3 145 T 1) FIFO WY 26 &R, BV I Bufs 7 207 8 T 9 R 45 76 2% 7 ,Chang 55 A 75 SCHR[43] 7 5% P 9038 )L
SERIAE T SO (N 3 FR) AR S 2 R RN T — AN TEHE TR 2 X, ST R R AR Jo AT FHE R R
AT H RS JC. RN ZE S 1 G2 03 I — AME S 7 B 28 AN S 8P A 2 b X (B 3 K VO 0y). BRATT LA X
S5 I 45 k3 ) LB-ByN AT WL K847 1L FE.

Load

Folw splitter palancer VOQ1 Fireis - voQ2 stne(?lz,ir:;?tg_
 E— irst-Stage switc | e—— Second-Stage switch -
1 1 1 1 £ 1 buffer
—  Fy — —» —> :
i J j k
N = =R - .
—® Fy —» — — T b
—_—d N N —d N N

Fig.3 Two-Sage switch architecture
3 IR AL

1 BT SMI N El(external input),i=1...N.58 1 ¥4 KA P4t 10,(internal output), 5
552 g N B A %N IT(internal input)AHIE j=1.. NI 5,55 2 G015 KRR A S #%i i EO(external output),
k=1...N.— M5 JCAE LB-BvN ZZ#e bl )y 224800 LU R D 3R:

(1) A% N EL I —AME J0E Se AL iR 23 88 23 RE A R AL R Fo X Bk 245 J0 1 B IR A0 56 4 H i
H EO.K I, 84N EI i 2% 1] REH N AMERTAL 73 M3 Y T N AN EO.

(2) BBl LUR e (175 30K Fy BOPT A 5 0 RE B N AS VOO (R N A 10) .

(3) &% 1 AT MG KL B IR P RS VOO, A F. 24— A BAFIHE 2 IR 55 W AR TGRS IT VOO, i i A8 4k
ZK3)IE VOO, BRI T VOQ, FIFBA A7 ik 55

(4) 2B 2 RATHE LI E W RF IS VOO, IIBAF. 24— AN BAF 252 IR 55 I A% JC B T VOQ, FF il id 28 4k
G AL BT T e A 22 b X

T BRI A G H e, SCHER (43178 48 H T P MR v U7 &, 4 W) 3 F FCFS(first come first served) fll
EDF(earliest deadline first). FCFS 5 ZERTESE 2 M A TT ) VOQ, H 352 24+ sh#= HIHL I, i EDF 5 22 M
55 2 N BA B K H IR N A5 0, 1A A i AT S L AR A S

TESCHR[44]7 Keslassy S5 NP AS 7 THIN B B 250948 7 13— 2P I ofadk (1) 32 W —Fh il L 5E (full frame
first, {5 F% FFF)HE A5 SO P B L — AN AR 0Q £ — MR ELFIIL A5 0Q #H [ (W41 #;(2) FFF
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LR — b = 4k BA 31 (3DQ) & K oK 3E S TU 1K) 2% P, DR b AN 7 ST HE e Rl 1 2 b X (H2,3DQ HEBA &5 Fy L
VOQ B, HH Z M S nfIX.

Chang %5 A\ H 10 9 97 A8 4 25 R AN R 1 51 100% 1497 Pk 246 0 O U S 38 PR, T LA 75 5 I ikt LU 43
(1 Y B2 v, DAY A Ve o s P RE O DR UIE S 38 1) A e LIRS, X Foft ) 4 A0 #8054y LAY T 22 (0 25 25 A L Ak I ot
YA ARG AT AL HL 7 (¥ Internet 5 11388, 1 FLS v AR F -0 58 ke 45 R U4 AL 30K o o 45 460 45 #)
DRAFAE — LETF IR ST 0 2, 26 A 5 S e 5 oA TT 1 14 B 0 T I 2 e L 5 1) ) 2 005, T ] 1 5 7 o
PESLVE T SCBL R 171 58 70 BE AT QoS fRiIE.

3 MAHBGEERZEMAREDS

AT T INAE H AL AAS ZR 25 ) R IR 8% A% 2R 8 R S P A U THT S IR B AN HIE B B0 1) R e a3

A FRAS He HLAR B 4 R 45 1) IO AN TR AT 2 g 42 v SR 2 A S AR AR b s AR SR TR 7 R, 5 T3
ot A e AR AR — AN R AR B TR R PN SRR 4 A R AS AL R 22 A AT B Bh S TR B R IR AT e 5 R 2 . —
AN BT SR N N i 1 AR 0 R 36 B AN A i 5 K, R 5 H A 4 45 ) e S AT I A A G B H o 1.
53 AT TG P 1 e A A2 B ARG T A8 980 &5 ) 1 2 N/ i i 3, DT 38 KT BN 1), BR1 kb m A AE R A 2% 11 3
FOVE LA B 20 A0 R G5 H A e M LA HE ADSAMIRN PPS(parallel packet switch)***7) 5 PPS Ml LL, ADSA E. A
SRV TR PP AT 3 A SR TR U AL R A1 2 8 1) i 5 T S e 0 2% A 05 v A — 28 (1 0k, 3 7 28T i B
A R AN AR W 4% 4K 2 45 ¥ J7 1T, DiffServ(differentiated services)*13i i 7 28 42 38 {55 £ 1 7K 7 b4t
QoS T #E A A& T —1AX Internet 2544 F ZE Al T 11 A1 28 P61 OK 8 0 88 45092 2% B N - th X 2 TRDFE) QoS RAIE,
A % ST 7R 2R AR HARME QoS A3 Bealy v 7EH >R 11 1 B S0 9 b 2% 18 DiffServ T8 W Fh IRk
55 TP 28 OG- 1K J7 T IR AIF 52 WL SCHR[28].

BEAN AE SCHR[49,501 3B 32 T 3 T il (frame-based) 84 {1 128 (envelope-based) 1 4 A\ Hi BA 1 B &L vk JLFHE AR
SEUAEUE g 1] — A BAZ1) Hh AH 208 00 45 15 76 (53 2H) 21 ot (60, 328 ), DA T 385 0 0 55 B0 v ol [) v Al 5 2 ) R 0k i) ST
R AT BE.L K 2 35 e A N HE BB H S8 v SRR (0 — BT AT 1 5

B2 SR IR N R R S 1 S SR I T 4% A PR DO, LA R U R AT R RO e S R Ak P 4 4%
ORI, IR I AR AR L A3 SR IR 45 S B 1) 22 R AL A T T AT BT R PR

4 & it

90 25 3 B B3 AT 2 S R P B AN T A JRE X ) 0% TEL 3R PR A% /0 1 o6 —— 18 il 45 ) 1 R S SROBRCR 8 A A\
WA SRS g ke T Bk 5 00 AT R AV I B (L 52 B N R A BE SRR IR R 20 T e vE A B e SR M ek R
SCREAERE A S T TRT o 1A A N HIE AR J5 B0 2 FRE % o 35 M BE 1) DG

ATICE LR T N HEA T LS5 K BUA A 4 Rl KULRS . S KA VLD, e e A5 4 UL e A

SRR B K UG E e KSR DG JE AR 5 5 A DL PE #8261 70 B A DG RC 0025, BE S B 100% P A I 3 R A5 4
UG P 505 0 3o D 50 A T2 S0 4 i N A 5y 45 B 06 B (16 15 i o A6y 25 R AL ) O 25 0 DR UE. P Y B L AL
S0 ST PR 3 ABA e KA HE UG E 3t G 17 22 VRIS AN, S PRl A UL — A die AU R DG P A e 2 i R 60k I T
W 0 PR AR R P A 0 A 46 5 ) A DI NS L PR 00 T B 436 100 % PR A ek 2 A0 G-I A8 8 B B2, AT ot R oK (1 v
e th & B R RS H M E.
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