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Abstract: QoS routing based on node-delay information is an active research area these years. When delay is used
as node state, it is often assumed that the state between each node is independent. Node-State independence
assumption can provide a more tractable solution to delay constrained routing, especially when state information is
Probability Density Function (PDF) of delay at each node. In this paper, the effectiveness of node-state
independence assumption in Autonomous Systems with limited node number is investigated, and the conclusion is
verified through vast simulation, whereas 60 link-delay PDFs and 15 path-delay PDFs in the network are observed.
The 15 path-delay PDFs are also calculated by convolving the PDFs of contributing link-delays based on
independence assumption. The statistical distance between the two sets of path-delay PDFs is measured by
calculating divergence and comparing their delay expectation, variation and loss probability. Simulation and
analysis results indicate that for Autonomous Systems with limited node number, node-state independence
assumption is reasonable and path metrics calculated based on this assumption approximates well the original
values and can be used in QoS routing.
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0 2 1 Dijkstra
0
Fig.1 Network topology for simulation
1
Tablel Routetableof RO
1 RO
Source node Destination node Route Hops

1 RO-->R1 1

2 RO-->R1-->R2 2

3 RO-->R1-->R2-->R3 3

4 RO-->R1-->R2-->R4 3

5 RO-->R5 1

6 RO-->R1-->R7-->R6 3

7 RO-->R1-->R7 2

8 RO-->R1-->R7-->R8 3

9 RO-->R1-->R7-->R8-->R9 4

10 RO-->R1-->R7-->R10 3

11 RO-->R1-->R7-->R10-->R11 4

12 RO-->R5-->R14-->R12 3

13 RO-->R5-->R14-->R13 3

14 RO-->R5-->R14 2

15 RO-->R5-->R15 2

16 RO-->R5-->R15-->R16 3

17 RO-->R5-->R14-->R17 3

2.1
Pareto  ON/OFF (29,
18 80 ON/OFF , K=10,C=2 Pareto
, 18 ON/OFF ON  OFF ,
K=3,C=17 Pareto ON ,OFF ,
) p-p
1-
(bits/s) o' NaNah -
L (bits/s) MN.C

60 1.0Mbps,
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1.0x 60=60.0Mbps. I (30hit), N, (80), N,
(18),h . Dijkstra 233 N,
(60),z ON ,C (IMbps). TP
2.
Table2 Packet inter-arrival time vs. network load
2
7 (9) 0.001 0.0012 0.001 4 0.0015 0.001 6
P 0.839 0.699 0.599 0.559 0.524
2.2
Dijkstra
T ,
2.3
0, ) )
FIFO , ,
q
d~— 8
- ®)
d o] ,R . T,
q , , (8)
G={V,E} , \% JE
: l;€E((i,jeV) d; | .{difj,dizlj,...,di'fj} i ;
v, [0yl M [0.].....[dw 191 A=yIM. ,
, , R =P{d,, <d;; <d}(k=1..,M)
] Iiyj
d d, d, dy )
Pi,j(d) pi,j(dl) pi,j(dz) pi,j(dM)
2.4
1.2 , )
p G={V,E , n Py Pors P (P €E)
, d,.dp,.dy P, (d, )R, (d,,).... B, (d, ) d, p
! Pp(dp) ' dpl‘dpz""‘dpn ’ p
Pp(dp):Ppl(dp1)® sz(dp2)®...® Ppn(dpn) (10)
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3
1 , p =0.839, p=0.699, p =0.599, p =0.559, p =0.524
10 . T, 0 T, 1ms.
v =1s, At =0.1ms. , 0 2 ,
(Probe) (Conv.) P(d) PR,(d), P(d) PR,(d) J
E \% 100ms L. , p =0.599
, 3.
Table3 Simulation results of node-state independence assumption
3
. E(s) v L
Sre->Dest Hops J Probe Conv. Probe Conv. Probe Conv.
RO->R2 2 0.001 0.000 9 0.000 9 0.000 1 0.000 1 0.000 6 0.000 6
RO->R3 3 0.039 0.000 9 0.000 9 0.000 1 0.000 1 0.000 6 0.000 6
RO->R4 3 0.046 0.0010 0.000 9 0.0001 0.000 1 0.000 6 0.000 6
RO->R6 3 0.104 0.042 4 0.042 3 0.025 2 0.0250 0.077 4 0.0775
RO->R7 2 0.080 0.042 4 0.0423 0.0252 0.0250 0.077 4 0.0775
RO->R8 3 1.246 0.4756 0.475 4 0.1438 0.159 6 0.6835 0.6739
RO->R9 4 1.299 0.4756 0.475 4 0.1438 0.159 6 0.6835 0.6739
RO->R10 3 0.740 0.198 6 0.198 2 0.098 7 0.1019 0.3409 0.3495
RO->R11 4 0.813 0.198 6 0.198 2 0.098 7 0.1019 0.3409 0.3495
RO->R12 3 0.093 0.002 2 0.002 1 0.000 2 0.000 2 0.009 8 0.009 8
RO->R13 3 0.076 0.002 2 0.002 1 0.000 2 0.000 2 0.009 8 0.009 8
RO->R14 2 0.016 0.002 2 0.002 1 0.000 2 0.000 2 0.009 8 0.009 8
RO->R15 2 0.002 0.0000 0.000 0 0.0000 0.0000 0.0000 0.0000
RO->R16 3 0.074 0.002 3 0.002 2 0.000 2 0.000 2 0.007 6 0.007 6
RO->R17 3 0.214 0.013 4 0.013 3 0.003 9 0.003 2 0.0412 0.044 9
3 , 15 ,
, ., RO->R8,R0->R9,
) QoS
p =0.839, p=0.699, p =0.599, p = 0.524 p =0.599 A5
4,
Table4 Average divergencein simulation
4
P 0.839 0.699 0.599 0.559 0.524
J 0.362 0.325 0.323 0.080 0.087
, RO 6 , p=0599 |
(1-CDF), 2 . RO->R7,R0->R14 2 ,RO->R16, RO->R17
3 ,RO->R9,RO->R11 4 .CDF(complimentary distribution function) ,
D ko
P{d<D}=J'0 fq(t)dt, fy(t) . P{d<D}=>p(d,).k, d=D
k=0
k .1-CDF D , D . ,1- CDF
(B (8. :
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