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(57) ABSTRACT 
A system reliability evaluation method for transmission by 
two minimal paths in time restriction is disclosed. The mini 
mal path includes plural arcs between a start node and a 
terminal node in a flow network. The method includes the 
steps of providing a virtual network in a computer for simu 
lating the flow network; inputting a transmission requirement 
and a time restriction; distributing the transmission require 
ment in a first minimal path and a second minimal path to 
make the first minimal path have a first throughput and the 
second minimal path have a second throughput, finding a 
plurality of feasible solutions satisfying the relation that the 
first throughput plus the second throughput equals the 
demand in the time restriction; finding a lower boundary 
vector by applying the comparative method; and computing a 
system reliability by applying set theory. 

8 Claims, 3 Drawing Sheets 
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SYSTEMI RELIABILITY EVALUATION 
METHOD FORTRANSMISSION BY TWO 
MINIMIAL PATHIS IN TIME RESTRICTION 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The invention relates to a system reliability evaluation 

method for transmission by two minimal paths in time restric 
tion, and especially relates to a system reliability evaluation 
method for transmission by two minimal paths of a stochas 
tic-flow network in time restriction. 

(2) Description of the Prior Art 
With the diversification of the commodities and the infor 

mation services, various kinds of the flow networks which 
value the transmission time, the flow and the budget has 
emerged, such as the computer system, the telecommunica 
tion system, the logistic system and the transportation system, 
etc. Hence, a time version of the shortest path problem, called 
the quickest path problem, is proposed in the fields of the 
information science, the operation research or the network 
planning. This problem is for finding a quickest path with the 
minimum transmission time to send a given amount of data 
from the start node to the terminal node. Since then, several 
variants of the quickest path problems are proposed: the con 
strained quickest path problem, the first k quickest paths 
problem, and all-pairs quickest path problem. 
Two factors, the flow and the transmission time, are respec 

tively processed in the conventional network analysis. For 
instance, the flow is processed in the maximum flow problem, 
the transmission time is processed to get the minimum trans 
mission time in the shortest path problem. However, two 
factors, the transmission time and the flow, are simulta 
neously processed in the quickest path problem, and the trans 
mission time is valued in the computer system and the tele 
communication system. 
Due to failure, partial failure, maintenance, etc., the capac 

ity of each arc is stochastic in many real flow networks Such 
as the computer, the telecommunication, the urban traffic, the 
logistics systems, etc. That is, each arc has several possible 
capacities or states. Such a network is named a stochastic 
flow network. For instance, a computer system with the arcs 
denoting the transmission media and the nodes denoting sta 
tions of servers is a typical stochastic-flow network. In fact, 
each transmission medium is combined with several physical 
lines (the coaxial cables, the fiber optics, etc), and each physi 
cal line has only Success or failure state. That implies a trans 
mission medium has several states in which state k means k 
physical lines are successful. 

Thus, in the computer network and the telecommunication 
network, the data can be transmitted through several disjoint 
minimal paths (MPs) simultaneously in order to reduce the 
transmission time and in several various factors, where a MP 
is an ordered sequence of arcs from the start node to the 
terminal node without loops. Namely, finding two MPs 
simultaneously transmitting data in time restriction is an 
important issue to conduct the system reliability evaluation 
method for a stochastic-flow network. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the invention is to provide a 
system reliability evaluation method for transmission by two 
minimal paths in time restriction. With setting the restriction 
of the transmission time between a start node and a terminal 
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2 
node in a flow network, calculating the probability satisfied 
by the time restriction to evaluate the quality of service for 
CuStOmer. 

In one aspect, the invention provides a system reliability 
evaluation method for transmission by two minimal paths in 
time restriction, using a computer executing a reliability 
evaluation software to evaluate a system reliability. The com 
puter contains an input unit, an operation unit and an output 
unit. The reliability evaluation software provides a virtual 
network for simulating the flow network. The virtual network 
has a start node, a terminal node and plural arcs between the 
start node and the terminal node for constituting plural mini 
mal paths. 
The steps of said system reliability evaluation method 

include: inputting a transmission requirement and a time 
restriction from the input unit by users; distributing the trans 
mission requirement in a first minimal path and a second 
minimal path of the minimal paths of the virtual network, and 
the first minimal path having a first throughput and the second 
minimal path having a second throughput, according to the 
time restriction, selecting a plurality of feasible solutions for 
satisfying the Sum of the first throughput and the second 
throughput equaling to the transmission requirement, calcu 
lating a first minimal capacity of the first minimal path and a 
second minimal capacity of the second minimal path in the 
feasible solutions; defining a capacity vector composed by 
the capacities of the arcs, the capacities, which are corre 
sponded with the flow distribution state of the first minimal 
capacity and the second minimal capacity, and which are 
defined as Zero when the arcs of the first minimal path and the 
second minimal path are empty of the capacities; comparing 
the magnitudes of all the capacity vectors, and defining the 
minimum capacity vector as a lower boundary vector; accord 
ing to the lower boundary vectors, calculating a system reli 
ability of showing all the capacity vectors satisfying the trans 
mission requirement and the time restriction by using the set 
theory; and displaying the system reliability on the output 
unit. 

In another aspect, the steps of distributing the transmission 
requirement in the first minimal path and the second minimal 
path include: selecting the minimal paths of the virtual net 
work, wherein each of the minimal paths is required to be an 
ordered sequence of the arcs from the start node to the termi 
nal node without loops; calculating the minimal capacity in 
each of the minimal paths; and transferring the minimal 
capacity in each of the minimal paths into the current capacity 
in each of the arcs. 

In yet another aspect, further including: providing a lead 
time for each of the arcs in the minimal paths; and calculating 
a transmission time equals to the sum of the lead time and the 
throughput divided by the minimal capacity in each of the 
minimal paths. 

Said steps of calculating the system reliability is the inclu 
Sion-exclusion rule, the disjoint-event method or state-space 
decomposition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an embodiment of the virtual 
network. 

FIG. 2 is a block diagram of the hardware executing an 
embodiment of the system reliability evaluation method for 
transmission by two minimal paths in time restriction. 

FIG.3 is a flow chart of the software executing an embodi 
ment of the system reliability evaluation method for trans 
mission by two minimal paths in time restriction. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following detailed description of the preferred 
embodiments, reference is made to the accompanying draw 
ings which form a part hereof, and in which is shown by way 
of illustration specific embodiments in which the invention 
may be practiced. In this regard, directional terminology, 
such as “top” “bottom.” “front.” “back.” etc., is used with 
reference to the orientation of the Figure(s) being described. 
The components of the present invention can be positioned in 
a number of different orientations. As such, the directional 
terminology is used for purposes of illustration and is in no 
way limiting. On the other hand, the drawings are only sche 
matic and the sizes of components may be exaggerated for 
clarity. It is to be understood that other embodiments may be 
utilized and structural changes may be made without depart 
ing from the scope of the present invention. Also, it is to be 
understood that the phraseology and terminology used herein 
are for the purpose of description and should not be regarded 
as limiting. The use of “including.” “comprising,” or “having 
and variations thereofherein is meant to encompass the items 
listed thereafter and equivalents thereofas well as additional 
items. Unless limited otherwise, the terms “connected.” 
“coupled, and “mounted' and variations thereof herein are 
used broadly and encompass direct and indirect connections, 
couplings, and mountings. Similarly, the terms “facing.” 
“faces” and variations thereof herein are used broadly and 
encompass direct and indirect facing, and “adjacent to and 
variations thereof herein are used broadly and encompass 
directly and indirectly “adjacent to’. Therefore, the descrip 
tion of 'A' component facing “B” component herein may 
contain the situations that “A” component facing “B” com 
ponent directly or one or more additional components is 
between 'A' component and “B” component. Also, the 
description of 'A' component “adjacent to” “B” component 
herein may contain the situations that 'A' component is 
directly “adjacent to” “B” component or one or more addi 
tional components is between 'A' component and “B” com 
ponent. Accordingly, the drawings and descriptions will be 
regarded as illustrative in nature and not as restrictive. 

Refer to FIG. 1 for a stochastic-flow network with a start 
nodes and a terminal nodet, where N stands for all nodes, a, 
for the i-th arc, each arca, connecting two nodes N. The flow 
network can be an information network, a telecommunication 
network, a logistic network or a transportation network. 
A system reliability evaluation method for transmission by 

a single minimal path, where the minimal path is required to 
be an ordered sequence of the arcs between the start node to 
the terminal node without loops, in time restriction is provide. 
The system reliability means the probability that the stochas 
tic-flow network can send a specific amount of data from a 
single start node to a single terminal node by a single minimal 
path within a given time under a budget restriction. From the 
point of quality management, it is the probability of satisfying 
the transmission requirement in a specific time, which can be 
treated as a performance index of the service system. 

For evaluating the system reliability of a real-life flow 
network, a computer is for running a reliability evaluation 
software which provides a network model for simulating the 
real-life flow network. 

Refer to FIG. 2 for a block diagram of the hardware in the 
system reliability evaluation method for transmission by two 
minimal paths in time restriction. A computer 100 has an 
input unit 110, an operation unit 120, a storage unit 140 and an 
output unit 150. The input unit 110 is a keyboard or a hand 
writing input device. The operation unit 120 is a central 
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4 
processing unit (CPU). The storage unit 140 is a hardware 
electrically connected to the input unit 110, the operation unit 
120 and the output unit 150. A reliability evaluation software 
130 is installed in the hardware. The output unit 150 is a 
display or a printer. 

Refer to FIG. 3 for a flow chart of the system reliability 
software 140 executing the system reliability evaluation 
method for transmission by a single minimal path in time 
restriction. The method includes the steps of: 

Step(S200) building a virtual network to correspond with 
the real-life flow network in the network model according to 
the numbers of the nodes N and the arcs a, in the real-life flow 
network. 

Step(S201): inputting a transmission requirement d of 
goods, commodities or data from the input unit 110 by user. 

Step(S202): receiving a time restriction T set by the user. 
Step(S203): Supposing that the network is a binary-state 

system, and each arc has two cases of normal and failure. All 
minimal paths P, (a,a2,..., an} between the start nodes 
to the terminal node t in the virtual network are selected. In 
particular, the data are transmitted through two minimal paths 
simultaneously in order to reduce the transmission time. 
Meanly, the data are transmitted through a first minimal path 
P ={a, a2, . . . . a and a second minimal path Pi—a 
a2,..., a simultaneously. 

Step(S204): distributing the transmission requirement d in 
the first minimal path P and the second minimal path P. of 
the minimal paths of the virtual network between the start 
nodes and the terminal nodet, the first minimal path P has a 
first throughput d and the second minimal path P. has a 
Second throughput d. 

Step(S205): selecting a plurality of feasible solutions (d. 
d) for satisfying the sum of the first throughput d and the 
second throughput dequaling to the transmission require 
ment d. 

Step(S206): in the light of the j-th feasible solution (d. d), 
respectively calculating a first minimal capacity V of the first 
minimal path P and a second minimal capacity V of the 
second minimal path P according to the time restriction T. 
According to the minimal capacity of each minimal path, a 
maximum throughput of each arca, in a unit of time, such as 
the current capacity X, of each arca, is calculated. 

Step(S207): judge if the j-th feasible solution (d., d) is 
normal, that is, performing step(S208) when the first minimal 
capacity V and the second minimal capacity V can be calcu 
lated in step(S206); else if executing step(S206) for the next 
feasible solution (d. d). 

Step(S208): defining a capacity vector X=(x1, x2, ..., x.) 
to represent the current state of all arcs. The capacity vector X 
is composed by the capacities, which are corresponded with 
the flow distribution state of the first minimal capacity and the 
second minimal capacity, and which are defined as Zero when 
the arcs of the first minimal path and the second minimal path 
are empty of the capacities. The capacity vector X is com 
posed by the capacities X, X. . . . , X, of the arcs. The 
capacities are stochastic to correspond with the flow distribu 
tion of the flow network. 

Step(S209): getting a lower boundary vector. The capacity 
vector X selected by the step(S208) is the candidate of the 
lower boundary vector, which makes the flow network satisfy 
the time restriction T. Any capacity vector larger than the 
lower boundary vector can satisfy the transmission require 
ment d sent in time less than or equal to the time restriction T. 
All the capacity vectors are compared to get the minimum 
capacity vector as the lower boundary vector, yet there are 
plural feasible solutions. 
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Step(S210): due to the lower boundary vectors of showing 
all the capacity vectors satisfying the transmission require 
ment and the time restriction by using the set theory, applying 
inclusion-exclusion rule, disjoint-event method or state 
space decomposition to calculate the probability of the capac 
ity vector X larger than or equal to the lower boundary vector, 
which is the probability that the flow network satisfies the 
transmission requirement d, called the system reliability, rep 
resented by R. 

Additionally, an expectation of transmission ability of the 
flow network is defined as product of the system reliability 
Raz and the transmission requirement d, and an expectation 
of the transmission time of the flow network is defined as 
product of the system reliability Rand the time restriction 
T. Thus, after calculating the system reliability Rz, 

X Rd.T Xd 
d 

is the expected transmission ability of the flow network and 

X RTXT 
T 

is the expected transmission time of sending dunits of data 
under the time restriction T. 

Refer to FIG. 1 for a benchmark network to illustrate the 
proposed algorithm. The algorithm and an preferred embodi 
ment are presented in following text. 

Let G=(N. A. L., M) denotes a stochastic-flow network 
where N denotes the set of nodes, A={a, 1sisn} denotes the 
set of arcs, L=(1,1,..., 1) with 1, denoting the lead time of 
a, and M (M. M. . . . . M.) with M. denoting the maximum 
capacity of a. The capacity is the maximal number of data 
sent through the medium (one arc or one minimal path) per 
unit of time. In the stochastic-flow network, the current 
capacity of arca, is stochastic, denoted by X, taking values 
0–b,<b,< ... <b, M, where b, is an integer for j-1, 
2,..., r, and r, is the number of states of a. The vector X=(X, 
X2,..., X) denotes the capacity vector. 

If the flow in the flow network can satisfy the transmission 
requirement d, the time restriction and the capacity of the arcs 
Smaller than the maximum capacity at the same time, the 
transmission of the flow network is defined as a Success. 

In this flow network, assuming each node N is perfectly 
reliable, the capacities of different arcs are statistically inde 
pendent and all transmission requirement Such as data and 
commodities are simultaneously sent through two minimal 
path. The comparisons of vectors are: 

YX(V1,V2,...,},)(x1, x2, ..., x):YeX and y,>x, for 
at least one i. 

Suppose that P. P. . . . . P are all the minimal paths of G 
with a start nodes and a terminal nodet. With respect to each 
minimal path P(a,a2,....a..j=1,2,..., m, the capacity 
of P, under the capacity vector X is 

min Xik. lsksn; 

If d units of data are required to be transmitted through mini 
malpath Punder the capacity vector X, then the transmission 
time, denoted by p(d.X.P), is lower than or equal to the time 
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6 
restriction and equals to the Sum of the lead time and the 
transmission requirement divided by the minimal capacity of 
the minimal path P, represented by: 

n d 
lik -- 

k=1 mIn Xik lsksni 
the minimal lead time of P; + 

capacity of Pi 

where x is the smallest integer such that x)2X. p(d.X.P) 
is an integer value. It contradicts the time constraint if p(d. 
X.P)>T. Thus, any capacity vector X with p(d.X.P)sT 
means that the network can send dunits of data from the start 
nodes to the terminal node t within time restriction T under 
the capacity vector X. The following lemma holds the 
inequality p(d.X.P)2p(d.Y.P.) if X-Y. 
Lemma 1. 

If X-Y, then Xsy for each aeP, and 
min Xik is min yik. lsksn; f flyi 

Thus, 2 
min Wik mIn yik lsksni f w k 

So th(d, X, P:) > f(d, Y, Pi). 

Assume that the data are transmitted simultaneously 
through two disjoint minimal paths, the first minimal path P. 
and the second minimal path P. Let d and d be the through 
puts assigned to P and P. Let Ö(d.d.X) denote the mini 
mum transmission time to send d and d units of data under 
the capacity vector X, then Ö(d.d.X) max{p(d.X.P). 
(d.X.P)}. Let S(d.X) further denote the minimum trans 

mission time to send d units of data through P and P. under 
the capacity vector X, then 

The system reliability Raz is thus equal to Pr{XI 
S(d.X)sT}. Any capacity vector X with S(d.X)sT means 
that X can send d units of data from s to t under the time 
constraint T. Let Q be the set of such X, and S2={XIX is 
minimal in G2. Then XeS2, is called a (d.T)-MP. Equiva 
lently, X is a (d.T)-MP if and only if (i) (d.X)sT and (ii) 
S(d.Y)>T for any capacity vectorY withY<X. The MP is a set 
of arcs while (d.T)-MP is a vector of arc capacities. Hence, the 
following lemma is held. 
Lemma 2. 
Since X is a (d.T)-MP. S(d.X)s.T. If X is a (d.T)-MP, then 

YeS2 for any Yid-X. 
Lemma 1 states that p(d.Y.P)sp(d.X.P) for any Y-X. 

Hence, max{p(d.Y.P.). (d.Y.P.)}smax{p(d.X.P. (d. 
X.P). That is, 

YeS2 is concluded by obtaining (d.Y)sS(d.X)s.T. 
Lemma 2 implies that Pr{XIS(d.X)sT}=Pr{XIX2X, for a 

(d.T)-MP X}. Suppose there are b (d.T)-MPs, let 
B{XIX2X}, j=1,2,..., b. Then 
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Several methods such as inclusion-exclusion, disjoint-event 
method and State-space decomposition can be applied to cal 
culate 

5 
E. p: B} i=l 

The algorithm to evaluate the system reliability is as fol- ' 
lows: 

Step 1. 
For the first minimal path P ={a, a2, . . . . a and the 

second minimal path P. a. a 2.....a...}, find the vector 
X (X1,X2,...,x) such that the network sends dunits of data 
within T units of time. 

1. Find the largest assigned throughputs 

2O 

Ey, (M) 

of P and 
25 

affir (M. ) 

of P, thus d and d units of data respectively can be sent 30 
within Tunits of time. That is, find d and d such that 

g d (1) 

2. In M. s T and 35 k=1 lsksq 

q+r d (2) 

X it + it. s T, respectively. min M. k=q+1 g+lsksq+r 

40 

2. Generate all non-negative integer Solutions of d+d d: 
in another word, the transmission requirement equals to the 
first throughput plus the second throughput, where disdand 
d2sd. 45 

Step 2. 
For each solution (d. d), check the feasibility, which that 

each minimal capacity of two minimal paths P and P. satisfy 
the transmission requirement and is Smaller than or equal to 
the maximum capacity of two minimal path, and two minimal 50 
paths satisfy the time restriction. 

1. Find the minimal capacity V of P such that the first 
throughput d units of data can be sent through P. under the 
time constraint. That is, find the Smallest integer V. Such that 

55 

g d (3) 
X it + s T 

V k=1 

60 
2. For P. find the smallest integer V such that 

& d. (4) 
X it + s T. 

V2 65 

8 
3.jj+1. X (x1, x2, ..., x) is obtained according to 

o capacity u of a; such that u > v1 if a e PUP 
O if others. 

4. For k=1 to j-1, if X,2X, then X, is not the lower 
boundary vector; if X, <X, then delete X, from S2. Thus, 
2, C2, U{X}, and then next (d1,d2). 
Step 3. 

If X, exists, then B {XIX2X}; Otherwise, B (p. Then 
the system reliability is 

The benchmark network in FIG. 1 illustrates the proposed 
algorithm. The capacity and the lead time of each arc are 
shown in Table 1. In the first embodiment, if 8 units of data are 
required to be sent through P={a, a and P={as, a7, as 
under the time constraint 9, then all the lower boundary vec 
tors (8.9)-MPs and the system reliability Rso to meet such 
requirements can be derived as follows. 

TABLE 1 

The arc data of FIG. 1 

Arc Capacity Probability Lead time 

al 3: O.8O 2 
2 O.10 
1 O.OS 
O O.OS 

a2 3 O.8O 1 
2 O.10 
1 O.OS 
O O.OS 

a 3 3 O.8O 3 
2 O.10 
1 O.OS 
O O.OS 

84 1 O.90 3 
O O.10 

as 2 O.8O 1 
1 O.10 
O O.10 

86 4 O.6O 2 
3 O.2O 
2 O.10 
1 O.OS 
O O.OS 

a7 5 0.55 2 
4 O.10 
3 O.10 
2 O.10 
1 O.10 
O O.OS 

88 4 O.70 1 
3 O.10 
2 O.10 
1 O.OS 
O O.OS 

*Pr{the capacity of a1 is 3} = 0.80. 
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Step 1: 
1. The largest demand d such that 

so is a -4. 
The largest demandid such that 

2. Generate all non-negative integer Solutions of d+dd 
where disd and disd. The feasible solutions are gener 
ated: (dd) (4.4), (d d)=(3,5). (dd) (2.6), (d ,d2)=(1, 
7), (dd)=(0.8). 

Step 2: 
For (d d) (4.4), 
1. The lead time of P is 1+1=5. Then V-1 is the smallest 

integer Such that 

2. The lead time of P is 1+1+ls -6. Then V-2 is the 
Smallest integer Such that 

3. The capacity vectors are obtained: 
X=(X, X2, X3, X4, X5, X6. X7, Xs)=(1.0.2.1.0.0.2.2). The other 
can be deduced by analogy: X=(1.0.2.1.0.0.2.2), Xs=(1,0,2, 
1.0.0.2.2), X=(1,0,3,1,0,0,3,3) and Xs=(0,0,3,0,0,0,3,3). 

4. Compared the above capacity vectors, X=(1,0,2,1,0,0, 
2.2) and Xs=(0,0.3.0,0,0,3,3) are the minimum capacity vec 
tors, which are the lower boundary vectors. 

Step 3: 
Two (8.9)-MPs are generated: X=(1.0.2.1.0.0.2.2) and 

X=(0,0.3,0,0,0,3,3). Let B={XIX2X} and 
Bs={XIX2Xs, then the system reliability 
Ro-Pr{B,UB}=0.5886675+0.48-0.4104–0.6582675 by 
applying inclusion-exclusion. In the calculating process, 
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10 
TABLE 2 

Results of the first embodiment 

(d1,d2) (V1,V2) X X 6.22 Remark 

(4, 4) (1, 2) X = (1,0, 2, 1, 0, 0, 2, 2) Yes 
(3,5) (1, 2) X2 = (1,0, 2, 1, 0, 0, 2, 2) NO X 2X 
(2, 6) (1, 2) X = (1,0, 2, 1, 0, 0, 2, 2) NO X 2X 
(1, 7) (1,3) X = (1,0, 3, 1, 0, 0, 3, 3) NO X2X 
(0, 8) (0, 3) Xs = (0, 0, 3, 0, 0, 0, 3, 3) YES 

In the second embodiment that T is loosened to be 11, the 
results are described in Table 3. Two (8,11)-MPs are gener 
ated: X=(1,0,1,1,0,0,1,1) and X, (0,0.2,0.0.0.2.2). The sys 
tem reliability Rs increases to 0.8328881225. 

TABLE 3 

Results of the second embodiment 

(d1,d2) (V1,V2) X X 6.22 Remark 

(6, 2) (1,1) X = (1,0, 1, 1, 0, 0, 1, 1) Yes 
(5, 3) (1,1) X2 = (1,0, 1, 1, 0, 0, 1, 1) NO X 2X 
(4, 4) (1,1) X = (1,0, 1, 1, 0, 0, 1, 1) NO X 2X 
(3,5) (1,1) X = (1,0, 1, 1, 0, 0, 1, 1) NO X 2X 
(2, 6) (1, 2) Xs = (1,0, 2, 1, 0, 0, 2, 2) NO Xs 2X 
(1, 7) (1, 2) X = (1,0, 2, 1, 0, 0, 2, 2) NO X 2X 
(0, 8) (0,2) X7 = (0, 0, 2, 0, 0, 0, 2, 2) YES 

A new arc data are shown in Table 4 where the possible 
capacity of each arc does not appear in consecutive integers. 
In the third embodiment, if 20 units of data are required to be 
sent through P={a, aa and P={as, a 7, as under the time 
constraint 12, then the system reliability Ro-0.78545625. 
The calculation process and results are concluded in Table 5. 

TABLE 4 

New data for arcs 

Capacity Probability Lead time 

O.85 2 
O.OS 
O.OS 
O.OS 
O.8O 1 
O.10 
O.OS 
O.OS 

O.OS 
O.OS 
O.95 3 
O.OS 
O.90 1 
O.10 

O.10 
O.OS 
O.OS 
O.70 2 
O.10 
O.OS 
O.OS 
O.OS 
O.OS 
0.75 1 
O.10 
O.OS 
O.OS 
O.OS 

8. 6 
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TABLE 5 

Results of the third embodiment 

(d1,d2) (V1,V2) X X 6.22 Remark 

(14., 6) (2, 1) X = (2, 0, 1, 2, 0, 0, 1, 1) YES 
(13, 7) (2, 2) X2 = (2, 0, 2, 2, 0, 0, 2, 2) NO X 2X 
(12, 8) (2, 2) X = (2, 0, 2, 2, 0, 0, 2, 2) NO X 2X 
(11,9) (2, 2) X = (2, 0, 2, 2, 0, 0, 2, 2) NO X2X 
(10, 10) (2, 2) Xs = (2, 0, 2, 2, 0, 0, 2, 2) NO Xs 2X 
(9,11) (2, 2) X = (2, 0, 2, 2, 0, 0, 2, 2) NO X 2X 
(8, 12) (2, 2) X7 = (2, 0, 2, 2, 0, 0, 2, 2) NO X, 2X 
(7, 13) (1,3) Xs = (1,0, 3, 1, 0, 0, 3, 3) YES 
(6, 14) (1,3) X = (1,0, 3, 1, 0, 0, 3, 3) NO X 2X 
(5, 15) (1,3) Xo = (1,0, 3, 1, 0, 0, 3, 3) NO Xio 2 Xs 
(4, 16) (1,3) X = (1,0, 3, 1, 0, 0, 3, 3) NO X 2 Xs 
(3, 17) (1,3) X2 = (1,0, 3, 1, 0, 0, 3, 3) NO X22 Xs 
(2, 18) (1,3) X = (1,0, 3, 1, 0, 0, 3, 3) NO X 2 Xs 
(1, 19) (1,4) X = (1,0, 4, 1, 0, 0, 4, 4) NO X2: Xs 
(0, 20) (O, 4) Xs = (0, 0, 4, O, O, O, 4, 4) YES 

Take the data in Table 1. In the fourth embodiment as the 
first embodiment, if 8 units of data are required to be sent 
through P={a, a and the alternative second minimal path 
P ={a, a under the time constraint 9, then the system 
reliability Rs 0.8890875. Therefore, if data are required to 
be sent through the alternative first minimal path Psas, as 
and the alternative second minimal path Pa, as, as, then 
the system reliability Rs 0.948313125. The results shown 
in Table 6 indicate that different distributional ways are com 
pared to get the optimal pair with highest system reliability. 

TABLE 6 

Results of all pairs of disjoint MPs in the 4th embodiment 

System reliability = 0.6582675 
System reliability = 0.948313125 

P = a1, aa and P2 = {as a 7, as 
P3 = {as, as and PA = a1, as, as 

(d8, da) (v3, VA) X X €2.2 Remark 

(8,0) (2,0) X = YES 
(0, 0, 2, 0, 0, 2, 0, 0) 

(7, 1) (2, 1) X2 = NO X2 2X 
(1,0, 2, 0, 1, 2, 0, 1) 

(6, 2) (2, 1) X = NO X 2X 
(1,0, 2, 0, 1, 2, 0, 1) 

(5, 3) (2, 1) X = NO X 2X 
(1,0, 2, 0, 1, 2, 0, 1) 

(4, 4) (1,1) Xs = YES 
(1,0, 1, 0, 1, 1, 0, 1) 

(3,5) (1,1) X = NO X62 X5 
(1,0, 1, 0, 1, 1, 0, 1) 

(2, 6) (1, 2) X7 = NO X72 X5 
(2, 0, 1, 0, 2, 1, 0, 2) 

(1,7) (1,2) Xs = NO Xs 2Xs 
(2, 0, 1, 0, 2, 1, 0, 2) 

(0, 8) (0,2) X = YES 
(2, 0, 0, 0, 2, 0, 0, 2) 

P = {a, as and P = {as, as: System reliability = 0.8890875 

(d1,ds) (V1,V3) X X €2.2 Remark 

(4, 4) (1,1) X = YES 
(1,0, 1, 1, 0, 1, 0, 0) 

(3,5) (1, 2) X = NO X2 2X 
(1,0, 2, 1, 0, 2, 0, 0) 

(2, 6) (1, 2) X = NO X 2X 
(1,0, 2, 1, 0, 2, 0, 0) 

(1,7) (1, 2) X = NO X 2X 
(1,0, 2, 1, 0, 2, 0, 0) 

(0, 8) (0,2) Xs = YES 
(0, 0, 2, 0, 0, 2, 0, 0) 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
However, the computational complexity of the algorithm is 

analyzed as follows. 
1. It takes at most O(n) time to find the largest assigned 

demands d and d. 
2. There are at most (d+1) solution of d+d d. For each 

(dd), it spends O(n) time to test time constraint and to 
transform to X. The set S.2, contains at most (d+1) elements. 
Hence, each X, needs O(dn) time to compare with other X in 
the worst case. 

3. Needs O(dn) time to generate all (d.T)-MPs. 
In sum, it takes at most O(dn) time to execute the proposed 

algorithm. Hence, the computational time is linear with 
respect to the number of arcs and the square of the transmis 
sion requirement. It seems that O(10000n) is needed if d=100. 
In practice, the transmission requirement d=100 is divided to 
be (dd)=(100,0), (90.10), (80.20), (70.30), (60,40), (50, 
50), (40.60), (30.70), (20,80), (10.90), and (0,100). The num 
ber of feasible (dd) is 11 but not 101. Thus, only O(100n) 
time is needed. The complexity of the proposed algorithm is 
O(n) where is the number of feasible (d.d.). 
The foregoing description of the preferred embodiment of 

the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form or to exemplary embodi 
ments disclosed. Accordingly, the foregoing description 
should be regarded as illustrative rather than restrictive. Obvi 
ously, many modifications and variations will be apparent to 
practitioners skilled in this art. The embodiments are chosen 
and described in order to best explain the principles of the 
invention and its best mode practical application, thereby to 
enable persons skilled in the art to understand the invention 
for various embodiments and with various modifications as 
are Suited to the particular use or implementation contem 
plated. It is intended that the scope of the invention be defined 
by the claims appended hereto and their equivalents in which 
all terms are meant in their broadest reasonable sense unless 
otherwise indicated. Therefore, the term “the invention', “the 
present invention” or the like is not necessary limited the 
claim Scope to a specific embodiment, and the reference to 
particularly preferred exemplary embodiments of the inven 
tion does not imply a limitation on the invention, and no Such 
limitation is to be inferred. The invention is limited only by 
the spirit and scope of the appended claims. The abstract of 
the disclosure is provided to comply with the rules requiring 
an abstract, which will allow a searcher to quickly ascertain 
the subject matter of the technical disclosure of any patent 
issued from this disclosure. It is submitted with the under 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims. Any advantages and benefits 
described may not apply to all embodiments of the invention. 
It should be appreciated that variations may be made in the 
embodiments described by persons skilled in the art without 
departing from the scope of the present invention as defined 
by the following claims. Moreover, no element and compo 
nent in the present disclosure is intended to be dedicated to the 
public regardless of whether the element or component is 
explicitly recited in the following claims. 

What is claimed is: 
1. A system reliability evaluation method for transmission 

by two minimal paths in time restriction, using a computer 
including an input unit, an operation unit, a storage unit and 
an output unit electrically connected with each other, the 
computer executing a reliability evaluation Software which 
provides a virtual network for simulating a flow network, the 
virtual network having a start node, a terminal node and plural 
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arcs between the start node and the terminal node for consti 
tuting plural minimal paths, the method comprising the steps 
of: 

storing the reliability evaluation software in the storage 
unit; 

the input unit receiving a transmission requirement and a 
time restriction inputted by users, wherein the transmis 
sion requirement is data sent through the virtual net 
work; 

defining a transmission time as a time for sending the 
transmission requirement from the start node to the ter 
minal node, the transmission time being lower than or 
equal to the time restriction in the reliability evaluation 
software; 

defining each of the minimal paths as an ordered sequence 
of the arcs from the start node to the terminal node 
without loops in the virtual network of the reliability 
evaluation software; 

defining the transmission requirement as being divided 
into a first throughput and a second throughput, wherein 
the minimal paths of the virtual network include a first 
minimal path and a second minimal path predetermined 
in the reliability evaluation software, wherein the first 
throughput is variable and sent through the first minimal 
path, and the second throughput is variable and sent 
through the second minimal path; 

the operation unit calculating a plurality of combinations 
of the first throughput and the second throughput 
according to the Sum of the first throughput and the 
second throughput equaling to the transmission require 
ment, and selecting a plurality of feasible solutions from 
the combinations according to the time for respectively 
sending the first throughput and the second throughput 
lower than or equal to the time restriction; 

the operation unit calculating a first minimal capacity of 
the first minimal path according to the first throughput 
and an operation relation that the time for sending the 
first throughput is lower than or equal to the time restric 
tion, and the operation unit calculating a second minimal 
capacity of the second minimal path according to the 
second throughput and an operation relation that the 
time for sending the second throughput is lower than or 
equal to the time restriction; 

defining a capacity vector composed by the capacities of 
the arcs, the capacities, which are corresponded with the 
flow distribution state of the first minimal capacity and 
the second minimal capacity, and the capacities of the 
arcs are defined as Zero when the arcs of the first minimal 
path and the second minimal path are empty of the 
capacities, wherein each of the capacities is defined as a 
maximum throughput sent through one of the arcs in a 
unit of time; 

the operation unit comparing the magnitudes of all the 
capacity vectors for defining the minimum capacity vec 
tor as a lower boundary vector; 

according to the lower boundary vectors, the operation unit 
calculating a system reliability of showing all the capac 
ity vectors satisfying the transmission requirement and 
the time restriction by using the set theory; and 

displaying the system reliability on the output unit. 
2. The system reliability evaluation method for transmis 

sion by two minimal paths in time restriction of claim 1, 
wherein the steps of defining the transmission requirement as 
being divided into the first throughput sent through the first 
minimal path and the second throughput sent through the 
second minimal path comprise: 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
the operation unit calculating the minimal capacity for 

each of the minimal paths; and 
transferring the minimal capacity for each of the minimal 

paths into the current capacity for each of the arcs. 
3. The system reliability evaluation method for transmis 

sion by two minimal paths in time restriction of claim 1, 
wherein the step of defining the capacity vector comprises: 

the operation unit judging if the minimal capacities of the 
two minimal paths are both Smaller than or equal to a 
maximum capacity of the arcs in the two minimal paths, 
in order to judge if the capacity vectors corresponding to 
the two minimal paths exist. 

4. The system reliability evaluation method for transmis 
sion by two minimal paths in time restriction of claim 1, 
further comprising: 

defining a first lead time as a time for a data sent through 
one of the arcs of the first minimal path; 

the operation unit calculating the first minimal capacity by 
an operation relation as the Sum of the first lead times 
plus the result of the first throughput divided by the first 
minimal capacity is Smaller than or equal to the time 
restriction; 

defining a second lead time as a time for a data sent through 
one of the arcs of the second minimal path; and 

the operation unit calculating the second minimal capacity 
by an operation relation as the Sum of the second lead 
times plus the result of the second throughput divided by 
the second minimal capacity is Smaller than or equal to 
the time restriction. 

5. The system reliability evaluation method for transmis 
sion by two minimal paths in time restriction of claim 1, 
wherein inclusion-exclusion rule, disjoint-event method or 
state-space decomposition is applied in the step of the opera 
tion unit calculating the system reliability. 

6. The system reliability evaluation method for transmis 
sion by two minimal paths in time restriction of claim 1, 
further comprising: the operation unit calculating an expec 
tation of the transmission ability of the flow network by 
product of the system reliability and the transmission require 
ment. 

7. The system reliability evaluation method for transmis 
sion by two minimal paths in time restriction of claim 1, 
further comprising: the operation unit calculating an expec 
tation of the transmission time of the flow network by product 
of the system reliability and the time restriction. 

8. A non-transitory computer readable medium having 
instructions for a system reliability evaluation method for 
transmission by two minimal paths in time restriction, the 
instructions being executed on a computer including an input 
unit, an operation unit, a storage unit and an output unit 
electrically connected with each other, the instructions being 
included in a reliability evaluation software which provides a 
virtual network for simulating a flow network, the virtual 
network having a start node, a terminal node and plural arcs 
between the start node and the terminal node for constituting 
plural minimal paths, the method comprising the steps of: 

sending a transmission requirement and a time restriction 
inputted by users to the input unit, wherein the transmis 
sion requirement is data sent through the virtual net 
work; 

defining a transmission time as a time for sending the 
transmission requirement from the start node to the ter 
minal node, the transmission time being lower than or 
equal to the time restriction in the reliability evaluation 
software; 
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defining each of the minimal paths as an ordered sequence 
of the arcs from the start node to the terminal node 
without loops in the virtual network of the reliability 
evaluation software; 

defining the transmission requirement as being divided 
into a first throughput and a second throughput, wherein 
the minimal paths of the virtual network include a first 
minimal path and a second minimal path predetermined 
in the reliability evaluation software, wherein the first 
throughput is variable and sent through the first minimal 
path, and the second throughput is variable and sent 
through the second minimal path; 

the operation unit calculating a plurality of combinations 
of the first throughput and the second throughput 
according to the Sum of the first throughput and the 
second throughput equaling to the transmission require 
ment, and selecting a plurality of feasible solutions from 
the combinations according to the time for respectively 
sending the first throughput and the second throughput 
lower than or equal to the time restriction; 

the operation unit calculating a first minimal capacity of 
the first minimal path according to the first throughput 
and an operation relation that the time for sending the 
first throughput is lower than or equal to the time restric 

5 

10 

15 

16 
tion, and the operation unit calculating a second minimal 
capacity of the second minimal path according to the 
second throughput and an operation relation that the 
time for sending the second throughput is lower than or 
equal to the time restriction; 

defining a capacity vector composed by the capacities of 
the arcs, the capacities, which are corresponded with the 
flow distribution state of the first minimal capacity and 
the second minimal capacity, and the capacities of the 
arcs are defined as Zero when the arcs of the first minimal 
path and the second minimal path are empty of the 
capacities, wherein each of the capacities is defined as a 
maximum throughput sent through one of the arcs in a 
unit of time; 

the operation unit comparing the magnitudes of all the 
capacity vectors for defining the minimum capacity vec 
tor as a lower boundary vector; 

according to the lower boundary vectors, the operation unit 
calculating a system reliability of showing all the capac 
ity vectors satisfying the transmission requirement and 
the time restriction by using the set theory; and 

displaying the system reliability on the output unit. 
k k k k k 


