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Abstract:  Simulation has become a significant way for performance evaluations in switching and scheduling,
however, the existing simulation softwares have some limitations in inheritability and extensibility. Based on the
current crosshar switching fabric, by employing system level design method, and object oriented technology, a
simulation platform called SPES (switching performance evaluation system) for switching fabrics and scheduling
policies’ developments are designed and implemented. Input queuing, output queuing, combined input-output
queuing and combined input-crosspoint queuing and corresponding scheduling policies are integrated. Inheritability
and extensibility attributes are obtained by designing traffic sources, switching fabrics and scheduling policies
separately, and it exhibits good performances for supporting multi-fabric, variable packets sizes and QoS model’s
simulations. By configuring the platform through a uniform view, users can fulfill their concrete simulation
environment. Besides, it can carry out end to end performances’ evaluations with little modification. Finally, this
paper presents a simulation case based on combined input-crosspoint queuing switch, displaying the good
performance of SPES.

Key words: queuing mechanism; management policy; object oriented; simulation platform; switching system
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Fig.1 0Q, IQ, CIOQ and CICQ switch architectures
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Fig.2 System level configuration view
K2 RELHAKE

2 RGEoissat

2.1 RENH

FEAS e Z2 40 v Bl it 4 R 2 PR A 4 T SR s 0 N i A\ o 1, 28 0 N\ o 1 FUAR B (T 40 2% L 38 L HERASE)
i i BT ) U 32 S s 06 80 A8 450 9L G B i F A Je BT A He B H ol 1.0 T 7 R RR AT e R4, AT 1 S s
Hn R e

TESC L. PR AS 4 5 28 (¥ T i A Hoke 3 e SO T R4

TENX 2. (LA 2 G0 1 A a1 b B RT R 22 A8 3 B TG AT HEAT, AT e A 4 7 70 S FLHEBA Ty 2R
SR 5 FI I 3 4 T R SR A A T THT

FARAT I F G0 SR A AC 450 45 6 R0 U JSE LA 4% S AL S BBERL I S 10 B e AT SR AR A — Lo b an e 1T
S NS 1y RS BTG B iy R S SR A B S R B, 2 R R AR A X e A s A 1 LA S IR
b o R BCE R AE . RAEHE BN R FE AL R BA B A B S Al T Rt R A R T R R A ek
AN REAT FLVPAY R G0, A1 0 S8 IR S TR AN R R A e R Ge i 5 o — A A LI BEAY & B N\ o R e A&
e BTG RS i T RGN JE T RGN AT AT R G [ Atk B AR IS5 08 T RGN A R
25, B ] by A e R G ME R A BL R G S5 MR P 3 B AL iR £k BT R ECL 7 R G BN T RS

© PEBREBAIHTUR  hupy/www. jos. org. en



RBUA F HMatESAEGAT Skt £ 1039

Crossbar A2t #7061 ZR GE AN 1 R 48 LA I B SRS 1 AR 48, AT T EL 2L 5 M R AN [) 28 20 P8 A e 1 o A 46t
S THTE i AR S B O BRI AL R G (WIHFAT 0 AR L) 7 R R4 B S D2 b ik [ AP 4 11, 2
FIR AL T 7 2 58 2 W) AR B 5 ) A2 5. A g A, LASG s 9 sl (1 75 U i A, 58 OSSR LD fE.

Switching system model
Traffic . Input || ) Output .
subsystem o subsystem P — subsystem o
Traffic Input || o ) l Output 1
subsystem > subsystem P> Switching fabric subsystem
subsystem
L] L] L] L]
L] L] L] L]
L] L] L] L]
Traffic . Input Output o
subsystem g subsystem subsystem o
A
Y !
Traffi .
subrsa;/stlgm > Scheduling subsystem

Fig.3 Architecture model for simulation system
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Fig.4 Switching system classes hierarchy view
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DUBE RIS I 5 25 Bk, 58 1R A 0 B0 PR S5 I I B AR T AR L/ T L BRATAE R B A e R e A TR G
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; Switching fabric .
Input subsystem object
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Traffic (| N X ] N /1 o » [ Drop
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object :
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1
R Buffer object
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control > < Scheduling subsystem object >
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Fig.5 Switching system architecture object view
KI5 S RGRX G A LA

3 RYGEEM

31 I RFES
Mb 55 G (4 7 A A R P i 2 R B S A AE B LG ARSI ) 29 Hh SR TR 3 4 O 4 B — e A X

FAAE Y 2R B JRATT A A 45 U A A 55 U IR i
JH 55 58 488 A5 1) 7 0% 7 A I 55 3, 1 36 200 i 30 S R 4% R ) ol 45 SR P 3% JEENIPF (network processing
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3.1.1 Bernoulli k455 1y 2 A

Bernoullivk 45 U5 FL A JE CAZ 1, 76 A A I 501, 2 2010607 2 L — 5 408 1 0 054742 1 AT e 52 04y 40441
ST P A AL 9, A W EEE A HE S T 3595 B WL AU 5K A4 2 [0, 11X 10 £ B ALK Ry, - 5 5135 6 AT
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‘ Delay one slot ‘ ‘ Generate Ryym ‘

y* Output packet
v

Fig.6 Flowchart for Bernoulli traffic generation
6  Bernoulli Mk 45 it S B FE B
3.1.2 ON-OFF Feh Mk 55 Y5 ) i A
TSI 0 5% o B b 55 WA AE 22 B DL T 2 B A SR R PRI, ERTITD 7 51 ¥ Bernoullink 55 A 78 £ 28 AN fiE 21 1) L 5
P9 4% 11 b 45 SRRV 1T 2 2K AT K 8 441 1) ON-OFFASE 8! fi 5 R - b 20 i HH 33k o % 1, ONLOFF 2 il fr) IR s
BAG oL 7 Bros b py, p W LR R 2 5
P

wl @) ) e

P2
Fig.7 States conversion for two-states Markov chain
K7 PRRA Markov BEIR A& E: &

MV 55 AR AEONI 30T A 7™ 742 ,ON, OF F FE I 1] B3 JIR A L ART 43 A .ONIIRT 1] B¢ P 5% A i J82 3 7 4 — > ON A 3T 7Y
7 A 1 3 ALK T 2 K L on 7 OF FIN 8] B A S A 3 B 3R s £ — > OF F JAL ST A 7 2B 1) 2 R 0 2 880, T Lo 725, ON
IS 1) B A OFF I 18] B J LT 20 A1 25U Eon, Eor 75, U EATT 22 11 £ 56 ARl 2 22 5K

Eon=Lon/(1+Lon),Lor=Lonx(L—A)/ A, Eon=Log/ (1+Lof)-

3.1.3 Ul BBt

K AN ) 1R 55 USRS 20 db 208 b 55 S, b g P T2 0V 0 43 4% il -1~ Bernoullinl 45U, J k32 22 48 Flik
MV 25 5 S5 25 %) T ON-OF PR R A7 58 5 3R 5 Lo, Logr. 1) /1 1S S A1 10 4 11 32 040 4 Jog e ) 8 4 0 R0 23 2L 7 A
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Table 1 Packet format
x1 ALK

Number of bits 32 32 32 32 16 16 16
Field name Sequence  Birth time  Time label ~ Time label  Input port  Output port  Priority
b o 21 R AR TR 25 2 AR AT 4 Y B RIS 280 02 4 A 2R 406 ) A 3o B B 1) s 10 5 AR S8 21
PR E MV 55 A G 3 T A S 10 ) A1 R DU 38050 0 AR 38 2 1) R R 38 A9 B Uniformll 2537, 3R 342

Fi 45 Unbalance V. 2% v A Asymmetric k. 25 3. 6 T — S NxN R AS 3 52 48 AR V0L j 20 ) 22 7R S N0 15 | L i
B AZRTR AN NS R 55 SR R A A N S 3 S ARl 55 SR B ) 3 il 4% A BT LAk
J9:(1) Uniformill 453t : 4 = A(1- @/N);(2) Unbalanced Ml 45 i : 41 5 j=i, 4 = A(w+(1- @)IN)), 75 W, 4 = A(1-w)/N; (3)
Asymmetricdk 45 ¥ i Hj=i, 2 =0, 75 W), A = A(r -t (N1,
32 WA, MIHTRES

MO 5523 AL AL B 20T B BN B T R G AR Th R 4 8 — 2 B g B B SR s R . Bk
5543 #H I 3 B — 5 (V0 U B SR MK 43 21 R0 2% AERR W SE B, AT LU N T RGN TR B AN R
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| Queue management

L‘
I |
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‘ Enqueue ‘ (== [ ‘ Dequeue |

Enqueue ‘ L] [ ‘ Dequeue

Fig.8 Input subsystems conceptual model
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Fig.9 Queue conceptual model
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FH ) 20 A% 32 B 45 22 47 1) Crossbar, i S8 IRFKs Crossbarg 46 11 169 40 4 L 3R 1 1 20 48 ik i N CICQk A
REA 5w L

FEX 3. G V={VOQ; |0<i<N,0<j<N}, H " VOQ; 122 £+ M i -1 iy N Fj i 1 ¥ 203 73 41,05 5 (8) Rt Z1) R 4¢
HVOQu K B, 0<t<T, Ho b T4 R G005 TTIN [1],0<q; (1) <Cq,Cq 9 VOQPRA F1 75 .

EX 4. F45C={CB;;|0<i<N,0<j<N}, I 1, CB; jhf i A iy i F A 5t o 1K) 43 L EAT IR 98 A, S5 VOQ; ;—
— 3 B () FE Rt 21 R 4 v CB B 1K FE 0<t<T, It Ty SR 45 47 BL i [1],0<1, 5(8)<C),Cy by CBy A 75

EX 5. fei N LB B FATFRVOQ;  7EtIN 21 I “fi% 1 1) (eligible)”, 7 A :0<q;;(1)<Cq,0<l;j(1)<Cy, 12 A
E(VOQuj), 1] i A 3ty 110 % 3%k VOQ ] £ 4 Eis={E(VOQ;)li=i,1<j<N}, 5k # Ei5={VOQ;;|0<q;;(t)<Cy,0<l;;(t)<C;,
i=i,1<j<N.

TEX 6. 785 EE B B IRATFRCB 7 I 2 2 i 38 17, 45 0 a2 :0< (1) <C i A E(CBy j), Ul 4
Iy 1IR3k " CBAE Ay B ={E(CB))lj=j,1<i<N}, 5 #, E|_; ={CB;;|0<l; j(t)<C,,j=j,1<i<N}.

CICQAZ e 25 14 R FI IR 43 2 o3 A1 2 52 SR B N W 2 S T 3R 7 fi )R E=(E 1, B, .. En) I R B B HH
T RE e foue e 78 fou e E'=( By, B .oy E VI BRI (E) fou(E'). I3 s H AR B B (U 4E . 540 20 56) N
fins Fout IO BRI T I (Fin Foue) %7 AE B AN I BP9 i N1 42 22 VUL (mateh) — A28 X CB =y Hin thj i 22 2 ml LI
N CBY ; VLRSI xi () R s AEtI 20 L A\ i B2 B B N R Ay H 2 8] F) DB IE 58 2Ry (8) 27 i L 8 BE B BL
VAN 22 TR UGG DG 2RS35 S s 1) B0 2 A5 200 m] LA ik

min(max) J(f)
feF
St.

DX =01>"y,; =01
i i’
F=[f,(E B Ey), Tou (Bl Egr BRI
Ef={CB,;|0<l ;) <C/1<i<N1<j<N}
E, ={vOQ,;|0<q;;(t)<C,.0<I ;(t)<C1<i<NI<j<N}
DRI Wb, TR 55 SR (1) 6 TF R AR — S RN . AEAS B S B AR S AR R ik B — R AT B i R G PTIE
SR H AR B (R PRI SR I SE I R ok B .
H 1T, SPES 2 i 11932 #6645 1) 15 55 #1L s DL 3K 2.
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Table 2 Switching architectures and scheduling policies integrated
F 2 FHUHE AT e Al 5 SR

Switching fabric  Queue management policy Port scheduling policy
Round robin based algorithms as RR, DRR™], WRR!"), RRR™L.

oQ Red,Drop tal, etc. GPS based algorithm as SFQ!, WFQI0 wr2Ql2 wWr2Q+13
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Q Red,Drop tail, etc. Non-weighted algorithms as iSLIPEE), WFAES!, pim )
CloQ Red,Drop tail, etc. MWM, MSM, etc.
CICQ Red,Drop tail, etc. RR-RR, OCF-OCF™™ LQF-RR™Y, LQF-OCF?T MCBF™”®T, SCBF™* etc.
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ZEWAEE i N BB BLEE R, X R Rn A BLAS 2 X ) 2448, )
N U
x:ﬁgxi @
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> (% - %)’
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il
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n

WSR2 HEMSE 1 1 BRd2 sk T LU 3k %4 1 5 2045 2007 T K,

(1) W& ZH VI n=1;

(2) iBATSPES, 1 130(1)~0(3) 141t MSE, [l I 15 d? HL 458, 5 MSE<d? 3B HY; 77 1) % (3);

(3) n=n+1,%%(2).
36 HBEIZHTKNHE. QoS. ZXMEATT
3.6.1 WKAAMGIL

ARy A AL B R SR A D)y 20— AT M (asynchronous  transfer mode){ TG K
/In Bl 64(bytes). I Lp(bytes) 2 /i i — A8 K 4 41 K B 28 U A Ji 72 26 45 6 A Ben =l Ly/64 1.
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Fig.10  Multi-Crossbar fabric architecture
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415 Faetk
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Fig.11 VOQ and CB structures after extension
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Fig.12  Bandwidth allocation for PQWRR, DDS and DS
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Fig.13 EF delay performance under uniform and non-uniform traffic
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Fig.15 PQWRR,DDS and DS’s AF delay performance under non-uniform traffic
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Fig.16 EF delay jitter performance under uniform and non-uniform traffic
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