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Abstract—In this paper, the service guaranteed scheduling
model was proposed for the M PM S switching fabric. Firstly,
the service distribution characteristic of each cell flow was
analyzed in the MPM S switching fabric. Then, the service
guaranteed distributed architecture was designed, and the
scheduling model is proposed for demultiplexors,
multiplexors, input switching units, middle switching units
and output switching units in the MPMS fabric,
respectively. Finally, we evaluated the proposed service
guaranteed scheduling model (SGS-MPMS) under ON-OFF
burst traffic. Simulation results show that SGS-MPMS can
overcome the problem of delay divergence for traditional
iSLIP, and PPS method, and provide delay guaranteed
performance under ON-OFF burst traffic, and converge to
the optimal delay curve with only four switching planes and
four iterations.

Index Terms—MPM S, switching fabric, service guaranteed,
scheduling model

1. INTRODUCTION

Currently emerging QoS sensitive services in Internet,
such as IPTV[1], video on demand[2], e-science[3] and
so on, are proposing new demands for service guarantee
in network equipments. However, traditional switching
and scheduling techniques[4,5] tend to maximize average
switching performance, such as switcing throughput and
resource utilization, which lead to extensive management
and average distribution of network resources. These
switching and scheduling service modes are sufficient to
guarantee most service needs, but when network
congestion occurs, QoS sensitive guarantee services will
be affected or even become unavailable[6,7]. In order to
achieve service guarantee in network, service resources
must be effectively managed and efficiently allocated,
and fair allocation of reserved service among packet
flows must be realized, so as to achieve the purpose of
guaranteed services in network [8].

In this paper, based on our previous work on the
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multiple-plane and multiple-stage (MPMS) packet
switching fabric[9], towards supporting requirement of
universal service in network, regarding both effectiveness
and efficiency, we studied the cell flows and the service
distribution in the MPMS packet switching fabric, and
designed the MPMS distributed scheduling structure with
service guarantee, and proposed the service guaranteed
scheduling model for the MPMS demultiplexor,
multiplexor, input switching unit, middle switching unit
and output switching unit. Finally, based on the
scheduling model of the MPMS fabric, we evaluated the
proposed SGS-MPMS model under ON-OFF burst traffic,
which proved its validity to realize service guaranteed
scheduling in the MPMS fabric .

II. ABBREVIATIONS AND SYMBOLS

S iy =1,2,.,mk) packet flows from the input

vertex ¢ to the output cell vertex v in MPMS fabric.
R™™ (G, j=1,2,..,nk) : the reserved service of cell
packet flows g7min MPMS fabric, in unit of cells/S.

R(@): the cell service of directed edge & in MPMS

fabric, in unit of cells/S.
R(v,v,v.): path cell service switching through Vs v,

in MPMS fabric.
FPL (¢): the priority list of directed edgez = QZ FPL,

with “*” equal to 1 or 2.
NID’ (¢) : the number of vertices NID in the priority list

FPL (¢)of the directed edge g = .-
NID'(v.,¢) : the number of tﬁe priority list FPL(z)
identity y of the directed edge =y in MPMS fabric.
P’(¢): the priority pointer of the service priority list
FPL (¢) of the directed edge in MPMS fabric.
YOOQ(q,rt,u) : Vvirtual output queue of vertices vj] in
IMU, and satisfy: v2e N*())svie N 7OV, ) -
VIQ(q,r.t,u) : the virtual input queue of vertices,’ in

OMU, and satisfies: 2 e N*(v))> v/ e N°(v))-
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III. SERVICE GUARANTEED AND DISTRIBUTED
SCHEDULING ARCHITECTURE

In order to facilitate distributed implementation, the
service guaranteed scheduling architecture in MPMS
switching fabric is designed as shown in Figure 1.
Schedulers are set to be responsible for the link service
allocation and traffic scheduling in DEM's input links,
ISU/MSU/OSU's input directed edges and output directed
edges, and MUX's output links; at the same time, all the
schedulers adopt the round-robin scheduling mode in its
service priority list (FPL). In practice, the number of
vertex identifiers in FPL(e,) is calculated by the
corresponding service proportion of R(v,) in the flow
service, and then the packet traffic information is
transformed into the number of identifiers in FPL.
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Figure 1. General topological graph of MPMS packet switching fabric.

IV. SERVICE GUARANTEED SCHEDULING MODEL

To take full advantage of the switching resources in
MPMS fabric, cell  switching and scheduling load is
evenly shared among all vertexes, vertex buffers and
internal links. The packet flow service and in the path and
the directed edge depends on the following three factors:
(1) the packet flow service of the starting vertex of the
path and directed edge; (2) the packet flow service and of
the terminating vertex in the path and the terminating
vertex in the directed edge; (3) the number P of switching
planes and the number m of the middle switching unit
MSU.

Therefore, pathw and directed edges = vy, should

have flow service R(vv,v.) andg(z =v_v,) as follows:

=YY Rpver adyer (1)
R Pv:'e:\/l*(v‘)v?eﬂ/l’(\") o
REe=vy,)= 1
— RV, v € 7’ or v, € v’
Pm WeM () WeM (v,) ’
1 mpms 3
- Z Z Rv“\’;" ,V, and v, and VZE V (2)
[ — Pv‘,’eM*(vz)v}’eM’(v,) Y '
R@=vo)=1
— R v, orv, orv, eV’
Pm VM () WeM (v)
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By equation (1) and equation (2), cell flow service of
all paths and directed edges in MPMS switching fabric
can be obtained as shown in Table 1, which is used in the
service guaranteed scheduling (SGS-MPMS) model.

TABLE 1.
CELL SERVICE OF PATHS AND DIRECTED EDGES IN MPMS
Service of .
Value Service of Paths Value
Edges
o 1 kn 1 kn
_ s mpms N I mpms
R(e(p,iﬁq) P zl Rv,"v‘,’ R(y, V(:uq)v(nvr)) P _levf’v‘,’
Jj=! J=
1 kn . - 1 kn
~ L mpms o R 1 mpms
R(e(p’q’y)) P Zl: Rv?v? ROy ViprVirs)) Pm ,Z;R"M
= =
R(Ez ) 1 i R R (m—) R R
(p.r-s) Pm i (30 = ki P (ps)(20) P (S j=i T ki
R (é3 ) L L z R R (W) Li R
(p.s,t) Pm 45 (D vy (ps) (pat) " (pou) Pm “ v
4 1 kn 1 kn
= - mpms 4 5 6 - mpms
R(e(pql#)) P z Rv,"v,{] R(v(p,l)v(/w)v/ ) P Z, Rv,"v’,’
i= i=
s 1 kn
= - mpms I I
R(Cp) P zRv,%j
i=1

In the distributed structure of the MPMS fabric, if the
total number of vertex in the priority list FpL'(e) is

denoted by N7D"(@), and the service of directed edges can

be denoted by Rg@) , then the number of
identifiers N/D"(v_,¢) of vertex y_satisfies equation (3):
. R ; .
NID' (v.,2) = ROV i 3)
) R(e)

A. Demultiplexor and Multiplexor SGS Scheduling Model

The service guaranteed scheduling model of
demultiplexor and multiplexor is shown in Figure 2. If
the service priority list of input linkz of demultiplexor

vertex is denoted by Fpr?(e)) in MPMS switching fabric,
the distribution method of identifier NID*(¥,,,,&,) of
vertexy! in the priority list in MPMS switching fabric is

calculated as equation (4):

R@ . _ NID* (e
NID*(v, . ,é.):MN]DZ(é):A,VpG[l,P] )
(p.g=i)*>~i R(é) i P
i
:
Vi ! Vi)
I lomMu
Cell flow ! (1)) v Cell flow
| L&, \MUX
g Db ¢
} (). j
V,
DEM  FBI*(e) kp 1 E) MUX  FBL ()
Scheduler IMU | | | OMU Schedulq,,
, (P,i) } (P :J) | ;
P@) { [ P(e) |
|
|
NID*(2) i NID'(2))

Figure 2. The service guaranteed and scheduling model for
demultiplexor and multiplexor.

If the service priority list of output link e, of

multiplexor vertex Ve is denoted by FPL(e,) in MPMS
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distribution ~method of
in the priority list is

The
z.) of vertex s
€) Vip.)

switching  fabric,
identifier y7p! G

calculated as equation (5):
R(é(slw:/m)
RE,)
B. SGS Scheduling Model of Input Switching Unit

There are n input directed edges &,y (r=Dn+1< g <m)

(1<s<m) in the input

_ 5
NID'(;,,--&,) = ,Vpell, P] ®)

. _. NID'(e)
NID (e/):T/

and m output directed edges e,
switching unit ISU v of MPMS switching fabric. The

ISU vertex SGS scheduling includes SGS input
scheduling and SGS output scheduling, and scheduling
method is shown in Figure 3.

ISU  FBL(@ ISU
Cell flo Scheduler > (rar) Scheduler BLE ) Cell flow
1
ﬁ(cw.wy ™
NID'@,,,..
ISU FBLZ(E’ ) ISU
Cell flo Schedulery e Scheduler BL(e‘""") (Cell flow
nl | |m i
] NI
€p.ar) e’
()
ISU Zenith |NID'@’,,)

Figure 3. SGS Scheduling model with guaranteed service in the input
switching unit of the MPMS switching fabric.

1) SGS Input scheduling of the input switching unit
The service priority list of the input directed edge
! in ISU vertex is denoted by FPL*@. ) If the total

(p.g.r)
identification number is expressed by NIDZ(e(pq,))a the
,r)) Of

identification number NIDZ(v(pS), (MV))m FPLZ(

MSU vertex v is calculated as follows:

N[D ( (pqr))
m

NID*(}, e )= Vsellbm] (0

2)  SGS Output scheduling of the input switching unit
The service priority list of the output directed edge

e, InISU vertex is denoted by pr'(g’, ). If the total

identification number is expressed by n7p' (e(p”)) he
1
identification number pN7p! (v(p " (p, ) in gpy (e( ) ©
MSU vertex Vo is calculated as follows:
szzp;m NIDI( (p . S)) 7
NID' (qu)’ ) = — ,Vge[(r—-)n+1,m]
ZR%’”Z“
i=(r—l)n+1 j=1 K

As F2 3 1S not always an integer, the
ROV 0)VipnVips) Y ger,

identification number pn7p! @,

w [ ] ®)
NID' (@& )= — D RV | or LCM, o RS
o = (;l”*‘llpm JZ:: A ll q= (;:)nu Pm /Z:; kg
Where I*1 is the the approximate integer of

parameter * LCM, is the least common multiple of all n

identification count of 1

kn
R";"f’” r=n+1,..
P — > R (g=(r-1) m)’

j=1
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C. SGS Scheduling model of middle switching unit
(1<r<k)and k

edges &, ,(1<t<k) in the middle

switching unit MSU v(»*pyx)of MPMS switching fabric. The

MSU SGS scheduling includes input scheduling and
output scheduling, and the SGS scheduling method of
middle switching unit is shown in Figure 4.

There are k input directed edges e

output directed

MSU  FBL'(E (p) MSU i
Schedule_r_,,y v ! FBL (e

Cell flo n4Cell flow

EE
—

3
Cpsit)

S eheduler

v

MSU NSO

=3
Cell flo Scheduler BL @ Seheduler FBL (L(, 0 ]Cell flow
gy |, K 3
- — P > >
e(p.r 28) E(Sp.v./)

U Zertith

Figure 4. SGS Scheduling model with guaranteed service in the middle
switching unit of the MPMS switching fabric.

1) SGS Input Scheduling of the middle switching unit
The service priority list of the input directed edge
vel, ., in MSU vertex is denoted by FPL’@}, ) If the

total identification number is expressed by NIDZ(e“” )
the identification number nN7p?*(y*

> 2
(@) in FPL (e Crs)
of OSU vertex v is calculated as follows:

n n

2,2
R NID (€, , ) )
2 = i=(r—1)n+1 j=(t-1)n+1
NID*(v}, .22, ) = S Vie[Lk]
Z Rmpms

i=(r—Dyn+l j=1
2)  SGS Output scheduling of middle switching unit
The service priority list of the output directed edge

g, In MSU vertex is denoted by Fpr (g} ). If the total

identification number is expressed by NID(( - , the
1
identification number N7p! ("wv “m)) in gpy y of

ISU vertex v

@
is calculated as follows:

' n
Ry e NID'(@
1,2 i=(r=1)n+l (Z):nﬂ g ( (p,.\,r)) (10)
NID'(V},,).8,,.) = e ,\Vrellk]

m
Rmpms
0.6
W
i=l j=(t-hn+l

D. SGS Scheduling Model of the output switching unit

There are m input directed edges & ,(A<s<m) and n
output directed edges &
of MPMS switching fabric. OSU

SGS scheduling includes input scheduling and output
scheduling, and the SGS scheduling method of the output
switching unit is shown in Figure 5.

S(1<us< k) in the output
switching unit OSU v
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Figure 5. SGS Scheduling model with guaranteed service in the output
switching unit of the MPMS switching fabric.

1) SGS Input schedulingof the output switching unit
The service priority list of the input directed edge

g®  in OSU vertex is denoted by ppy? @) If the total

(p.sit)
identification number is expressed by NIDz(éfp BE the
identification number p7p2 e

MSU vertex Vo

)yin FPL@,,,) Of
is calculated as follows:

pSI)

i . ZR'ZP::ISNIDZ( [”,)) (11)
NID (vpu], ) = "— Nue[(t—Dn+1,in]

2 Ry
i=l j=(—n+l 7
2)  SGS Output scheduling of the output switching unit
The service priority list of the output directed edge

g, iIn OSU vertex is denoted by Fpr (g’ )- If the total
identification number is expressed by NID'@,,)) » the
identification number pjp! o

MSU vertex 3

e(pm) - FpL i) of
S is calculated as follows:

NID'(e (ptu))
m

(p.s)?

NID'(v, )5 00) = ,Vse[l,m]

(12)
Therefore, MSU vertex vfmhas identical identification

number in gpy! @) and all MSU vertex vfp,s)have the

same priority. If the total identification number is m in
FPL (@ that is  nypi(y?

-Mm_,, and
(p.s)° (ﬂtu)

(<pr> ’

therefore each MSU vertex v has a unique

)
identification.

V. SIMULATION ANALYSIS

We studied the performance of the proposed SGS
algorithm based on under ON-OFF burst traffic. The
status length of ON-OFF burst traffic is subject to the
geometric distribution with parameter of (p,q), and the
burst length and traffic load are denoted by Loy and 4,
respectively, which satisfy equation (13):

gz(LON)‘l,JZ&
1-A+Axp

We suppose the fixed length of all traffic cells to be
512 bytes, and the parameter of burst length Loy to be 24,
and the traffic intensity to satisfy 5%<A<100%. The
segmentation and re-assembly delays were not considered
in our simulation expriments. In our simulations, the
iSLIP algorithm adopts 16x16 switching unit, and the

(13)
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number of iterations is equal to three. The PPS switching
fabric adopts three planes with 16x16 switching units and
parameters n==8, k=8, m=8.

The iSLIP and PPS algorithms are typical single and
parallel switching fabric, separately. Delay performance
comparison of iSLIP, PPS and SGS-MPMS under ON-
OFF burst traffic is shown in Figure 6. All three methods
can guarantee cell delay performance with low offered
load under the burst traffic, but iSLIP with 2>0.8 and PPS
with 2>0.8 fall into the delay divergence area, and no
longer guarantee any delay performance. However, SGS-
MPMS delay is always locked in convergence area even
under the maximum traffic intensity (1=1.0).

—m—iSLIP
—4—PPS

F| —®—SGS-MPMS

__ Delay
divergent

10°

~
)
°©
S
>
=
[
°
[
(=)}
o
[
> |
< B
: | Delay 7
F—---7-----7----------| convergence |-|
ey Iy O area -
| | |
| | |

10 20 30 40 50 60 70 80 90 100
Offered load A( %)

10°

Figure 6. Delay performance comparison of iSL/P, PPS and SGS-
MPMS under ON-OFF burst traffic.

The delay convergence property of SGS-MPMS is
shown in Figure 7 under different number of switching
planes. For ON-OFF burst traffic model, the SGS-MPMS
method is always kept in delay convergence area with
any switching plane count, and the delay performance of
SGS-MPMS obtains the optimal delay convergence curve
when the switching plane count is equal to four.

4

10 Fo=ccf--oeo-d---E--d---E--J---f-:
Eo==--3---2°°% - -To--o% e
|| —~— SGS-MPMS P=4 Iteration=1 L 772%2:
L | —¥— SGS-MPMS P=4 Iteration=2 ___L_

103 —®— SGS-MPMS P=4 Iteration=3
—®— SGS-MPMS P=4 Iteration=4

Average delay ( Cells)

Delay iterative
convergence
curve

1 1 1 1

10 20 30 40 50 60 70 80 90 100
Offered load A( %)

Figure 7. The switching plane convergence property of SGS-MPMS
under ON-OFF burst traffic.
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Figure 8. The switching delay convergence property of SGS-MPMS
under ON-OFF burst traffic.

In order to testify the iterative delay property of the
proprosed service guaranteed scheduling algorithm, we
conducted the simulation experiments shown in Figure 8.
For any value of iterations of the SGS-MPMS method, it
is always within the delay convergence area under ON-
OFF burst traffic, and converge to the optimal delay
curve delay property when P is eual to four.

VI. CONCLUSIONS

The multiple-plane and multiple-stage switching fabric
(MPMS) is a novel packet switching technology of
Internet and next generation information network. In this
paper, to support more and more universal services of the
information network, regarding both effectiveness and
efficiency, we studied service distribution of packet flows
in the MPMS switching fabric, and designed distributed
service guarantee scheduling structure of the MPMS
switching fabric, The scheduling model of MPMS
demultiplexor, multiplexor, input switching unit, middle
switching unit and output switching unit is proposed.
Simulation results show that the proposed SGS-MPMS
model can overcome the delay divergence problem
traditional iSLIP, and PPS method, and provide delay
guarantee performance under ON-OFF bursty traffic, and
converge to the optimal delay curve with only four
switching planes and four iterations.
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