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Abstract In a traffic engineering, a key issue is how the QoS of traffic flows is guaranteed besides optimizing
utilization for network resources when traffic is balanced over multiple paths. In this paper, we first analyzed, using
stochastic fluid flow model, packet queuing delay (mean, variance and 99.5th percentile) when two types of traffic
flows with different characteristics are multiplexed into an infinite buffer. And then, we investigated a method to
balance these flows over two paths on the basis of the characteristics of multiplexing flows. In the case that the
bottleneck bandwidths of two paths are the same, the minimum queueing delay can be achieved under balancing
flows based on the equal-load of the paths. However, in the case of the different bottleneck bandwidths for paths,
the method to balance flows to minimizing the packet queuing delay strongly depends on the bandwidth of paths,
traffic characteristics, and the number for flows.

Key words Traffic characteristics, QoS guarantee, path selection, stochastic fluid flow model, and traffic engi-
neering
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[ 1 Router balances two types of flows over two paths.
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# 1 Path combinations over which traffic flows are allocated.

Path combination 1 2
Path 1 1000Kbps | 700Kbps
Path 2 1000Kbps | 1300Kbps

# 2 Traffic class combinations.

Traffic combination 1 2
Traffic class 1 2 1 3
Number of flows 8 192 8 |[128
Average of on-period [ms] | 1 1 1 1
Average of off-period [ms] | 3 5 3 3
Probability of on-state 1/4| 1/6 |1/4|1/4

Rate of on-state [Kbps] | 256 | 16 |256 | 16
p of a flow [Kbps] 64
p of traffic class [Kbps] 512 | 512 | 512|512

Average delay [ms]

0.001 PR S S S S S SR
0 16 32 48 64 80 96 112 128 144 160 176 192
Number of 16Kbit/s flows
[ 3 Mean of buffer delay for traffic combination 1 which is alo-

cated over two 1Mbit/s paths.

MWhEnza—2{ELr—hk7a—-t on RIBOAS V- bt
KEnwzu—2FL—bt7o—-EBRTS,

Foby s DilaE 1 2AZOMEE (ELHBOMAY)
NEYVAT L ED, Ny 7y BEOFHER 3ITRT. b
Ly Z70MEE 21t TiR, by s ofEaE 1 LR
ORERE oD, YRT B, Y5718 NRLKANTS
TO-KEEDLEDNy 7 7 BEDOEHERLTWS, flX
. @3B 2THhik «2 256Kbit/s flows” @”Number of
16 Kbit/s"= 32 OffiE. Fokv 7 rFA1D2FKDTO—
LhIby s rIR20REDTA—ENRLIRY M.
BYo., hSbyrrsx106FD7n-L by s I35
22D 9 EDTA—RNA 2RI LLEDNy 77 B
EQRHTHD, B/MERELV—-bTa—(FFE9vIITFR
1) eEV—bTa— (FTby 77 TR 2 E0i33) 2HIFK
AWMLz xicBS N, Fo v ik, SAORRAES—BT
270-BOMEEDL EDNy 7 7 BEQOFHZRL TS,

Fo ey 2RO AT oD OREENRH B I LAthY
3. HAROBSEL» S 70 —0RYATEFALEBE. BV—
ryo—eEL— b 7a—RFCAPLLLEIC, Ny T7
FEEQTH MRS, L, HAES—BT 5hods
BT, 200N RDOBThILy 227 5RZLDT7a—HD
ENRELRDBIBY, Ny 7 7 EEOFEINHELT S (KEL

# 3 Mean of buffer delay for each of paths on combination 1.

Number of flows Mean of buffer delay

assigned to path 1

Class 1 | Class 2 | Path 1 Path 2
2 192 0.00382 ms | 0.00471 ms
3 146 0.00472 ms | 0.00459 ms
4 96 0.00459 ms | 0.00459 ms
5 46 0.00459 ms | 0.00472 ms
6 0 0.00471 ms | 0.00382 ms
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Number of 16Kbit/s flows
B 4 Mean of buffer delay for traffic combination 1 which is as-
signed over 700 Kbit/s and 1300 Kbit/s paths.



#& 4 Combination of traffic class in the case that the peak rate
of one of classes is less than 700 Kbit/s.

‘Iraffic combination 3 4

Traffic class 1 4 1 5
Number of flows 8 40 8 | 40
Average of on-period [ms] | 1 1 1 1
Average of off-period [ms] | 3 5 3 3

Probability of on-state 1/4| 1/6 |1/4|1/4
Rate of on-state [Kbps] 256 | 16 | 256 | 16
p of a flow [Kbps] 64
p of traffic class [Kbps] 512

0 b

o
o
=

0.001

Average Delay (ms]
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0 4 8 12 16 20 24 28 32 36 40
Number of 16Kbit/s flows
5 Mean of buffer delay for traffic combination 3 which is as-

signed over 700 Kbit/s and 1300 Kbit/s paths.
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6 Comparison of mean, variance and 99.5 percentile of
buffer delay on traffic combination 1 which is assigned over
700Kbit/s and 1300Kbit/s paths
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# 5 Number of flows

Combination | Traffic class | Small | Middle | Large
1 Low rate flows | 40 64 192
High rate flows 2 4 8
2 Low rate flows | 40 64 128
High rate flows 2 4 8

& 6 Flow allocation depending on the bandwidth of paths and
peak rate of traffic classes

Traffic class How to balance
Low rate | High rate combination 1 combination 2
Large Large (narrow, broad) (narrow, broad)
Middle Large | (separate, separate) | (separate, separate)
Large Middle | (separate, scparate) | (separate, separate)
Middle | Middle | (separate, separate) | (separate, separate)
Small Large (narrow, separate) | (separate, separate)
Large Small (separate, narrow) | (separate, narrow)
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