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Output-Oriented Queued Switch Architecture with Input Conflict-Free Algorithm

XIA Yu GAO Zhi-Jiang ZENG Hua-Xin
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Abstract This paper proposes a new packet switching architecture, called output-oriented
queued (OOQ) switch. Unlike any existing switching architectures, OOQ stores cells at input
units, while the requests for scheduling is queued at output units. With a novel input conflict-free
(ICF) algorithm proposed by the authors, the bandwidth requirement of memories in the switch
remains the same as in traditional input-queued switches. To support ICF algorithm, a hardware-
based scheduling matrix is also proposed to make the complexity of the algorithm linear as the
switch size. And each step of the scheduling consists of only one parallel bitwise “and” operation.
This paper also prove that the sufficient condition for OOQ/ICF to be stable under any admissible
traffic is to use the transfer speedup of 2. Finally, the simulation results show that under uniform
traffic, delays of OOQ/ICF without speedup are comparable to the mainstream switches but with
much better delay jitters. Furthermore, with the speedup of 2, the delay performance of OOQ/
ICF is exactly the same as the output-queued switch. While under non-uniform traffic, the
throughput of OOQ/ICF is better than current mainstream switches, and achieves 100% when
using the speedup of 1. 14.
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100 Y077 i 5. R oG A0 4o 152 3 i 23 e L i M RE 1Y
VC i 9 B2 B A A 2T VOQ B 38 e HLBE T H 1)
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H R R M I ELA J=A, =1 Fx
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TR SR V5 ]
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By A ity 17 R e 1T 7 G DR E. 32 DG TG R I G S
I crossbar AL B R, L M O&— > B 00 15
(permutation matrix). i ¢,; (n) F2 /R 7E IH#8 n B,
VOQ..; i BN 3k £ 70 1Y 55 1 I 8] 00 5 B T (n) =
20 G Iy BRI AE I FE 0 59 CBA Sk ) 5 15 INF [ ¥
M di; ) FRIRTERTE n I, AF) VOQ..,; Y BA K A5
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L () Do n PR A IR 0 BN A 3] 305 I [ i) o5 6

XFFAEE N B Jr B X="La; Jvon s AT BUE CH
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SCHKL10 JHIE B T 3% £% 22 (strongly stable, fij #&
R ) B HE B 2R F8 0T DL GIE 100 % By & i 3, I A
28 7 el F Lyapunov J7 33k UE W A8 e k. SC#k[2]
% B 3 B T MWM/OCF ( Maximum Weight
Matching/Oldest Cell First) & i %} {F & iF 7] 7% &
fRUEFR . MWM B8 T Ek, e e
Je 1 JRE R AJE A DS B 5 DA T AT DL AR I 75 3] 11 dpe 244X
B S A X TR0 [ 80, 5y — i 52 % B A X AT 1) 2
B AR ¥ (greedy algorithm) . & H7E A — 4 5
KEMUR AR R R A SR AN — & 2RI TR
K UE Bid 2 5 (Greedy Maximal Weight Matching/
Oldest Cell Firsts GMWM/OCE) 3 f2 U0 F .

LK ETA VOQ BA 3k 15 76 i 45 15 1 1] 5 A KL M T(n) s
R VOQ J 728 WA BT R W28 HEHE M) TE R 28N 0.

2. WA TG BT AT 9 6 240 S 25 U 45 52 0 1 [l
FERE M(n) , 54k 455 3.

3. WA B TCo) B BT A1 6 2 ik 3 — R K I ¢, (o).

4B MGO XTI ITER m,, GoN 1.

5B TGO i T A LR B A28 j Il
Frf LR E HZE. RIFIE A 2.

A/NTT AT UE W] ICF B8 3% 8 B Y 45 A
GMWM/OCF B 1y 25 1 — 3. B )5 FuE i GM-
WM/OCF #3568 F0E i 78 o 45 e H 2 A% m
M.

EIH 1. ICF FER RS R GMWM/
OCF 583 iy ] B 45 S — 30

IEFA. A0SR T A I KRR e B 8 T B A A
BN AR A AR %5 & Al LLaE B ICF Fil GMWM/
OCF 75 ELA A0 R i 8 3 25 5. IR e 3R AT 32 22 E 1
FEAE KA A BN I8 (41 B0 T P AR BT AR B
A [RIFE 0 I B 25

HEMAER AR B WE B LA B3k H
& BEHEART A BRI, WE 3 iR, XA H
IR Rl

ICFALYE:

(a) (b1) (b2)

MWM/OCF4 7%

L PR A i A\ i i
(b3) FIE 115 TG P.

Kl 3 OOQ/ICF f1 GMWM/OCF ## % R& (M) /R &
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CHyZEANE—E BT A G0, A 25500 B
PLE IR ANAEAE 2. I A W iZ4E A2 B 1AL &
L GMWM/OCF Bl T A 5 C X Tha
A g€ BB B C SR ILREE, A& AR
C & FFI KT A.

(b) A Fl B fEAN R BRI o AR B #EBAF £ s
M A TEBAG m . X EHAETE 3 FE 2 -

(b1) A Fl B M\ []—~H5 A FL oG H 35 W AE BA A
m H1 B O E b —EAEE— A FA A [A] i 5]
KHIER Cy H C I BIEART R —E BT AR/ A
FNKEF B AL E IS BA B T A BB A A 2] BA
Gl m B B BACE. FFEXF GMWM/OCF #3k . h
T A5 C KT b, gk s C sk
AKICEL, H Ry C BAT B K B S8 75 B[R]

(b2) F1(b3) #JE A F1 B A [A) iy A BT 31 35
(I O, TS FE M — P Bl A — 8 S — A~
FEMAE T C BB+, X A E GMWM/OCF H i
T O — 3.

1 fr A 45 LT L ICF Al GMWM/OCF # ELA7 [
FERY I BE 25 3, B I FR AT ICF Al GMWM/OCF
FE2 AR HEHE.

SCHRLTL H A s B 4 4R 4IE T — Ll A R ) R B2
FERFE TR TR, AT A TR i GMWM/
OCF M MWM/OCF B89k i A2 1 » DA e 46
HEW] GMWM/OCF 5 16 5 19 78 43 CIE 20 %
S A A N B L. oA e B ATT S UE B A T 5 | HEL

SR 1. AR —N I EE A P R AT A A

M7<n>w;l‘<n>z%[M,MWM<n>w;“<n> LK. ],

i=1,2 (D
Hr WG 25 n ASBER 55 7 A N R B A 9 AU
)i, 1 K, () =0 J2& 8] B 4% 55 2 PRI MWM/OCF
TE 1 45 BA B 7 BA Sk A5 0 B T 2 J5 AU AR 1k i 22
I — 2R 8 1 PR A8 B WLER E 19 78 43 % 1 /2
et A5 Jn L

WAL AR R L FR AT B H BT GMWMY/
OCF B EuE. XF T GMWM/OCF 5, fUE 22 1k
A BA B H A Sk A o0 21 38 i () AR A5 T 21 3k i ] Y
ZEMH AN 5 BA S v B A R AE T W BA Sk {5 T B

J& » B B RUAECE A Sl O, G s A 728 Ak R4S T BA 3k
1578 19 46 15w [ % % GMWM/OCF % ¥ 54 &
A ] o A5 2 A~
MO )T () = %[M’IWWM(n)TlT(n) LK )]
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M ()T () = %[MS“WM(n)TZT(n) LK ()]

(3
R MWM 1 5E L BE MY™Y™ () T (n) =
maxy {MT; () |, Horp MR 7R I o] BEY N | il DG
e s I HLAE 1A AR I A v el BB A 15 T B T BRI, DA
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ation Internet Architecture”.
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guarantee in future Internet. This idea is the same as what
GENI (Global Environment for Network Innovations) an-
nounced in 2006. SUPANET is an answer to this “clean-
slate” architecture. By using physical frame, the authors put
the QoS guarantee directly on physical layer, and this leads
to the concept of Ethernet-oriented Physical Frame Timeslot
Switching (EPFTS). Mean while, SUPANET is a connec-
tion-oriented network, i. e. a connection must be established
by using QoSNP (QoS Negotiation Protocol) before the data
can be transferred on the network. By doing so, the QoS of
each connection can be easily reserved and then conserved.
We have a lot research results on SUPANET platform, and
many of our papers have been indexed by EI and SCI.

The authors found that EPFTS has been the most im-
portant component of SUPANET when we were building
SUPANET, however, EPFTS urgently need a switching
platform which can take full advantage of its characteristics,

and this is the work presented in this paper.



