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Abstract: An interleaving coded multi-threshold scheduling (ICMTS) algorithm is proposed in this paper. Since
the ICMTS algorithm uses the interleaving coded thresholds of two stage queues as the scheduling weights, it can
systematically evaluate the scheduling demands of both the input queues and the crosspoint queues. By segmenting
the queue length as multiple thresholds, the hardware resource of this algorithm can be largely decreased. It is
proved that a CICQ (combined input-crosspoint-queued) switch operating with the ICMTS algorithm can achieve
100% throughput with a speedup of two. To facilitate hardware implementation, a simplified maximal ICMTS
scheme is also presented with a time complexity of O(logN). Simulation results show that even the simplified
ICMTS scheme can obtain better performance than the existing algorithms.

Key words: switch architecture; scheduling algorithm; combined input-crosspoint-queued; buffered crossbar
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e, e i N A8 X A HEBA (combined input-crosspoint-queued, f#i R CICQ)AZ # 45 #) B A iF 57 #4556 T- CICQ &8
o 5 KB H 22 Bl R STV AR IX B B TR S AR e N HEBA (input queued, fRTFR 1Q) 42 4 45 #4114 £ ST VA AR Lk
PELEE TR RE T THIBRAS T — 8 AR TE AR SLEIR R TP SR RE A0 A 45 & CICQ AT 45 440 I 4RF 18, 20 T S N 2
RS HT 5 P2 IAF1) ] IR 55 % A DG TR ARe 2, (AR 0 454 A 0] (R4 RS TEAT ) e BRI L AN R TR A 8 5 12 .

g A SR ol AT A8 g A 1Y) 22 BT PR U BT 593k (interleaving  coded  multi-threshold  scheduling, fi #
ICMTS), AR 2 EITRALEIS i CICQ ASH&E MY 5 P A FI I ZE RS BE 0 I ¥ iy o JR A A1 T BR
VT A i 5 A SRy AR % A S N R R S R 5 2 U o A B 1) o R 5 SR 22 1T PR AL A ) T A A T 1 i
PR T4, 95 2% BA B 1) B KR A0 A0 B g A A A SR A 75 ICMITS S B T BT . )5 9 2% A 370 P A5 4 9 2 5 oR AR Y
B A 205 i 10 i Nl A A BB ) 8 e 588 v o R AV e i L 8 7 20 ) FH A8 950 45 440 (1 Hin e 9 40 4
2 R TP 55 A BT 34 B AR 2 43 T R B, M T PR 2 2 B ICMITS S50300) T A 3 2 5 K B0 FE (strong
law of large number, f&#% SLLN)I AT 2517 #1535k 4535 0] B3R AT 1009 ) 28 ik i 8 740 TR s B AT T
ICMTS S350 TR WA B 05 58, 3082 2% ) A0 O(logN). 7 S0 3% L8 (1 315 b 454528 % ICMITS 550925 0 Ho Aty
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V77 58 3 5% ICMTS SRR A g R BV AT O FL LR BE 4 TR 5k,
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1.1 CICQX#4Ei#

A ST T AT T B SR, S B AT B, 3 ELAT R 0 7 P AU P ) L I P DAL A R P B Eh AT
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ol T I SR A R AT SUTF O N 8 IR A8 U AU e /N2 (K 8 A7 5 G, i L 4 oK B 5 05 e BT B AR (¥ 3E
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&5 R SSIORT (KA 9 A, 3 T 35 G2 A7 28 SUTT S M PR 1B 45 i N A8 ST A5 HE BA (CIC Q) A e & 44 IR L 4k A 34
4552 X7k Magill 2 NAEW] T CICQ AZ e 45 M 7E 2 A8 D 4% F R T LG i 4 A 3 U S vA RS2 1 k M
S 2 1 58 NS0 HA i H A A 36 45 44 (First come first served output queued, ##% FCFS-0Q)2®:Chuang 25 A\ IFRE T
FE 3 A5 4 E T ,CICQ A8 #e45 #y AT LA ik 4345 2 VA J3 593 S BB AU R AT 3 A 509 1) OQ Az k4 g,
BATE T 2250 G 4 2 ,CICQ A He 45 K4 Jo 2 sk I A ASTHUR P AT = B SR OQ A8 e &
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Fig.1 An NxN CICQ switch model
1 NxN H CICQ A8 e M fi e
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Fig.2 Two stage queued system model for CICQ switches
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i, FRid h cell, L2k % 18 AR5 — 4 cell BT 5 ) I IRD AR 2 — AN BF B
2.1 Bk

ICMTS 030 Fh i POL i 4 A 370 (D490 S5 e P A 2 7 &0 A 370 1) R 328 4 L 75 SR K i 322 8 A 371 1) 4 PR R 3 A o2
Ji 5 B\ B0 H2 5 o AL 1 85 o AR A8 49 &5 40 T I 79 4 N 70 A R 85 SR B AT R R S e, JE R R SR D s L o
Bl 3 oA T B SR B vt v BBl v R BB 52 2% B2 ICMIT'S S50 7 A 51491 288 i R 24 PR R 8 ISR
HIT 22 FETTRRALARY, R 10056 1 BA S TTBRBR IR AT bgbm_. .. bibo s, AR BA AN B T TR AR IR anan-s...a180 7,
v m=kn, A1 k35 R F0L 5 H BA 51 (1) 207 A7 25 45k K T3 58 A 47308 Jod ot 4 0 A R e RS AR 114 4 A i B0 T 2% A
A1)l BN A 5 2 A B 3 L 78 S 1 552 10 2 I A 270 490 S Tt T 1 48 o 7 184 5 i 20 A 3 A 5 A A et L Bl
AL SR 5 M 2 I TSN 1) 25 A RS2 (1 388 I 7 388 5 ICMTS 0070 1) BRI 40 Bk i 25 HIE A K J88 19 189 0, g 4805 1 T
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VOQ threshold marker: by_1bm-2...bibe  LQ threshold marker: apan-;...a:1a0
Scheduling weight: anbm-1...bm-kan-1bm-k-1...bm-2x@n-2bm-2k-1...bk@1bk-1...bodo
Fig.3 Scheduling weight arbitrate mechanism for ICMTS algorithm
3 ICMTS 532 i B A 7€ B

NSO T Wi bR SO HE B S VOQy; R BEAUAEL, T4t ICMTS i 8 53 1) L A4 i k-

1) AT T=0 L Wi>0 1 e 5L H BA SRR VOQy 4 4 s BAF.

2) EEHEBANSI kP Wy B Az oA 1 VOQy;, i FE 55 R wT BB 22 4 Hh ot 11 42 7 DG TG Iy £ 70 441,

3) AHRAH T FC A i N\ Sy 11328 9 AT di K Wi (L 0 5k BA A7 375 32 B i 2 41

4) FHRERSES fij.

ICMTS SRS K T A 5 4% 1) RE 0L 56 s BA 91 5 ) W] i 220 1) 2 28 BN 90 R AT DC C, A0 A 486 45 g F) £ 10 4 5
BEURAT LA AR 2 A, b 3RAG e A e A T ORAIE A DG TRC P i N i 1 AR BEASCAE AR e 4 Aot 22 4 BA 37 2
I A1) 2 f14 R A0 b BA S0 D00 2 SRAH B2, ORAIE T 5509 i AR Pk n AT ORAE Wy s 24 1 F VOQy 5 R T BE 2
LY Sy 1 NG TG O 2R 2 ICMITS 503k 10 S Bt 1) R, T T 0f 22 DG FE L s AT T 40 3 W10 A i N i 11 R4 5 XN
i R A Y B A B T AR T A I AN AT 1 4, 1 R Wi deems 620 1, 043 W iy N\ S 11
M B HIANA LQy L IMA — S5 45.4 x; R i N i 11 i B I, 2 yy RO I BN LQ; 2 7 UL AL Y
ANE VEECHL I 5 5805 Iy, (AT AR A0k O, 342 J0E x; (DR ;{326 18 (10 BP0 50 o 5 A6 (0 % N i 10 R 22 4 A 1) 3
ATHER T A 0 7R RS A kRS 1A SRR O BT B OC R (2 R B i S DL,
AR5 STy (BT FHT R B 5 A4 2 g AR5k 1 DU BEAT HIE R 55 1Q A8 e 45 44 1) e K RUEZ DL K (maximum size
match, fii #& MSM)HLAIAH L, ICMTS 3% (1 UL B HL I H AN ZER 75— I UL AL O &R, IR R 2% 5 MSM AL
A B BRI 4 45 HH T ICMTS S3E DLHC ik R 6 i At o P mr dan, DG C Ik 2 K 52 2% 2 O(NIogN), T ik % .
A3 $5 K AU BB (1 52 24 1% 9 O(logN). [H I, ICMTS 5509 (11 52 2% 1% 3 O(NlogN).

Initialization: y;«-0 (j=1,2,...,N)
1) sort inputs in the increasing order of x;

2) for each sorted input; with an edge do
3)  find the first j in the sorted LQ list such that there is an edge between input; and LQ;

4yl
5) resort LQ in the increasing order of y;

Fig.4 Match pseudocode for ICMTS algorithm
Kl 4 ICMTS SFidklLpcad f it

22 FHENH

PSR 3 W7 T3 08 T 93 A 00 6 A A2 45 2 4 R ] 2 S92 P A e 1 A 280, IR I T 4 R VF 22 SR B4R i
T TR AT A8 8 A AR 38 S0 1 o e 3 A U108 SRR 3 AT 7 905 0 AR KL o0 A 4 ey e B e R
AN Ll R i 5 — SV AR, R0 28 48 R W B3k B 25 AL B ST 5 R MO B, 2 SRS ks e
55 Uit SR ALY P ) 2l R A 32 e R KA R R B A 55 38 B A e S5 R T 345 1009611 4 i B 22 2% SCHR[18] H 1
S8 B FGAIE W), AT R RS 2 3 A ICMTS S0 IR A kb e

A AR BIEE n NI B A A 1L H SR § R cell S A(0)=0. F-ATEGE BIIE R R {A(),
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IE 14 Bi(n) R /R (E S n B BRZZAELE LQ; 1 cell RA%L,B;(n)=0 i W1 IBHE IA #1425 5 TAT 2 — AN B n, i 2R
Zij(n)>0, W47 4E LU R PR 2:(1) Bj(n)>0;(2) Bj(n)=0.

XA 1R B0 AR B AR OR 55 (work-conserving) A SCY s BE SR8 R LUK —AS cell WAt o 1 j il
A M ()=, Z; () s t REZUBTA H K3 14§ 03 2 e, )0
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g8 2 30(3),18 HI VR AL o SR A i ds SR m] 15
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5 0 S QAL U 550 L A 0 5 AR QA LU, U 45 33— 22 B AT LQy
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| ULFLT LQy WAVCIRESE % 10 5B 4B R, A A 1§ 46— cell Bt 4 L, () = 3 2, (1) e L 419749
45 0 § IR

L+ -L() <3 (A(n+1) - Ay(n) -1 (6)

g4 A (), 18 A AL 1 SR A i S m) 13
L= ,Zjt) <Y 4 -1<0 7

5T S Cij(t)=Li(t)+M;(t), 2 2 (B) A A 2 (7) 2 AR — A e 3z 35 w41

Ci)=LO+M{O) <D A+ 4-1 (8)

PRI L 5 s K74 2 [ ICMITS B3 15
Cit) <X 4+ 4 —2<0 )
LR SCHR[A8]E BT 2 AU UE R, Cjj (t) < O AT AT Z/(t)<O. IR, 4 A K] 1 24 2 I ICMTS 5503 m] LUBR IE CICQ
AT 4 45 K S AR R 5 1, v] LASRAT 10006 (1) ¢ i 5. O

23 BHUAR

BAR ELZAUE W] ICMTS 1 8 55092 mT DASR AR R0 ) e 2k i (0 JHL DG i A% 75 SR 4 Hh 2 UL A, 25 A
i N i PR R A R A A R SR R R G e 81 b 52 2 A v, e BRGNS B A S IRl A R SV R B A
U] 3 R T J2 T 5, 95 2 2 %A i N i T 85 0 Sy vy b A 1 R B ) e A BB AR SCEA T ICMITS SRR T
TRt B TE )5 %, fiFk y SICMTS(simplified interleaving coded multi-threshold scheduling) /5 Z€.SICMTS J5 &4
TR ST 4 1 4 A A R N i ) TR () B RIS TS, 6 SR FH 4 40 A7 =i B AL, 7 25 A i N i 1 IR AT G BCRAT B
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