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ABSTRACT

The class-based strict priority scheduling in Differentiated Services (DiffServ), which is adopted in the
Internet, does not guarantee delay in a network with a topology where cycles exist. Asynchronous traffic
shaping (ATS) technology, with the key theory that interleaved regulator (IR) does not increase the delay
upper bound, was proposed as the solution to this problem. Based on the extension of the key theory of ATS,
the flow aggregate-interleaved regulator (FAIR) framework is also proposed. It has been proven that FAIR
framework is superior to the ATS in terms of complexity and delay bound. In this study, statistical
performance characteristics of the ATS and FAIR frameworks are analyzed with simulations and compared
with a FIFO scheduling framework without regulators. In the simulation without cycle, statistical delay
performance was in the order of FIFO, FAIR, and ATS. In the simulation with cycle, statistical delay
performance was in the order of FAIR, FIFO, and ATS. This proved that the FAIR framework is superior to
the ATS in terms of both delay bound and average delay.
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Simulation parameter value
Number of ports in a node 2
Link capacity 1 Gbps
tiinc?jcclg IR) 10 Gbps
Number of flow per source 64
Number of flows in flow 3

aggregate in FAIR framework

¢38]Z 1 FAIR Z#H Y9 =elA AH83F IR daE]E
oltlk Schedule() = A&z AlZkel] 2A1S o}A]
e e ndlad

F: flow count per port
FA: flow aggregate count per port
TC[1..F]: Token count
ET[1..F]: eligible time
procedure FAIR(event)
for i in 1..F do
TC[i] += token arrival rate * ( simTime -
last event time )
if TC[i] > bucket size then
TC[i] = bucket size
end if, end for
if packet arrival event then
queue[packet.FA()].enqueue(packet)
end if
if link clear then
for i in 1..FA do
if not queue[i].empty() then
while( not queueli].empty() and
TC[queue[i].head().flow()] >= queue[i].head().size())
then
TC[queueli].head().flow()]
-= queue[i].head().size()
send(queue[i].pop())
end while
if not queue[i].empty() then
ET[i] = (queue[i].head()’s length
- TC[queue[i].head().flow()])/token arrival rate
else
ET[i] = large number
end if, end if, end for
if not min(ET) == large number then
Schedule(simTime + min(ET))
end if, end if
last event time = simTime
return
end procedure

4] on F7FOZ9| transition rate> B FHICL
Source”} on¢l &L 3/(a+B)olth AAE A
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Table 2. Data input rate, Markov chain model parameters

.Nominal . Actual o 3
Input rate input rate
70% 49% 0.09 0.21
80% 64% 0.06 0.24
90% 81% 0.03 0.27

£ 3. AW dolee] 54
Table 3. Characteristic of the generated data

Characteristic of the data value

Packet length Unif(2,10) X 1000 bit

Number of packets in a

burst data Unif(1,5)

Max burst size 50000 bit

nominal input rate (bit/ps)
F X Average burst size(bit)

(€Y
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Table 4. Simulation parameter used by scheduler and
regulator

Simulation parameter value
DRR Quantum 10000
Token unit size 1 bit

50000 bit

(10.9375, 12.5,
14.0625) bit/us

Token Bucket size

Token arrival rate

Number of queues in DRR 8

Queue size Infinite
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Fig. 5. Box plot of delay of each network topology
according to data input rate
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Table 5. Simulation network parameter
Simulation parameter value
Number of ports in a node 2
Link capacity 200 Mbps
Number of flow per source 1

Number of flows in flow
aggregate in FAIR framework
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Table 6. Data input rate, Markov chain model parameters

Nominal Actual
input rate input rate @ p
70% 49% 0.09 0.21
80% 64% 0.06 0.24
90% 81% 0.03 0.27
E7. 2299 AR
Table 7 Route by flow
Number of flow Route
1—>3—>2
6 >4 —5

2—>1—>3—>4—>5—-6

W=

5—6—>4—>3—>2—1

7 8 AHeRs delele) 57
Table 8. Characteristic of the generated data

Characteristic of the data value

Packet length Unif(1,5)><200 bit

Number of packets in a

burst data Unif(1,3)

Max burst size 5000 bit
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Table 9. Simulation parameter used by scheduler and
regulator

Simulation parameter value
DRR Quantum 1000
Token unit size 1 bit
Token Bucket size 5000 bit
Token arrival rate (70, 80, 90) bit/us
Number of queues in DRR 2
Queue size Infinite
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Fig. 8. Box plot of delay of each network topology
according to data input rate
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