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Abstract

A practical algorithm of generating most probable states in decreasing order of probability of the

network system state is suggested for approximating the performance of multi-mode network

system using algebraic structure of the system states. Most complex system having network

structure with multi-mode unit state is difficult to evaluate the performance or reliability due to
exponentially increasing size of state space. Hence not an exact computing method but an
approximated one is reasonable approach to solve the problem. To achieve the goal we should

enumerate the network system states in order as a pre-processing step. In this paper, we suggest
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an improved algorithm of generating most probable multi-mode states to get the ordered system
states efficiently. The method is compared with the previous algorithms in respective to memory
requirement and empirical computing time. From the experiment proposed method has some
advantages with regard to the criterion of algorithm performance. We investigate the advantages
and disadvantage by illustrating experiment examples.
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o] Y(H)dlle ol = == drh. S S 2 F 0=
o 2 i} o) e £ h = max (i S(i)#0) = 1
2 e 12 27 2718k dauelEe] 13] wkaelr 99
Al 7K R MPS F1 A0S 48T 1 ok 99
MPSE €or 1 AF 3y 9 8 e vt 2tk
(ZzeE AR 1) 22 @9 MPS, S,.2RE A A
AA 9] A5 AE7ED, — 180k Z4& o Ao 19 (1) &
g, (h) 59 gy, —y, + 15 Bl FE JuE B4el]
a FES TR 3] Yo 4t

ok

(Gl F AR 2) j WA R 2AF e 0]
lolx VESA PR X9 &, yuct 2H5 uf F o]
191 (2)¢gy(h) el o8l § ZHE y, < 0.y, < 1
E3] TH A A}

(Eae)E ARIAY 3) S hiA Fx|o] 2% e 52
o] 1wl c(h)9 g& Axeta ho} c(h) & AR 31
Candidate 2 @45 a&dt Al WAl 39 TH AHE
< 2219 we} e, ol a8l Fel19] (3),(4),(5)F

o]-g-ghtt,
Algorithm
/% INPUT: number of units, m, probability of unit's state,
D d=1-m, j=0,--,D, — 1, %/
/x OUTPUT: m MPS, S, = (y; ==y, )yi=1,--,m %/
hnitialize: S 1 <=(0,0,-,0), Sy (1,0,-,0)
H=9
=2, S;=Sy. h<—1,s=S,(h) < 1;
Do

[ AFAG 1/
If s ¢ D,—1 Then
generate candidate state, S” by g, (/);
compute probability of candidate state, S”, P(.S”);
Call INSERT( S”, P(S"), H):
End If
fx AFIG 2 %/
If s=1 and z ¢ N Then
generate candidate state, S” by g4(/);
compute probability of candidate state, S”, P(.S”);
Call INSERT( S”, P(S"), H):

End If
[+ AFIG 3/
If =1 Then

find c(%);

Call Candidate 2( /;, c( %))
End If
—i+1
S; < EXTRACT ()
Se=Si s Sh)
Until enough states are selected
End Algorithm/* end of algorithm #/

J8 3. 21 7ks AE(MPS) MM UTRiE
Fig. 3. MPS Generation Algorithm
a9 49] ¢12)% Candidate 2 3, h=c(h) +1
o] 270& AlzE A S hAZIRL] G2 dE o] =
T 19 Aol AR 1BEh—17 RSy ey, +1,

k=1, ,h—1°l 2ol Hx 7k $E FeiS Bggt.
h#c(h) + 19 9 S(h—c(h)—1)=0°]2
h—c(h) =208g, (1)l <3)x 3457— 7Fs FH 3E

£ st 2 c(h) /e TR &
g1(h—Fk), k=1,---,c(h)°l <3l *E*é Eis= g
S(h—c(h)—1)=0,h—c(h) > 20|31
S(h—c(h)—2) =1& 2% W&
gy(h—c(h)—2)°l <3 FHAANES YAIE =3
c(h) = 1% w&8pd g, (h—k) k=1,-,c(h)dl <3
c(h) TH FEE % } Agate] BF o Al

Koz AHg3= INSERT 34+
AWt ol Al gl
EXTRACT &<+ g9 & ==27F v 99 #Hx 7}

Candidate 2( ;, ¢( %))
/% INPUT: last index of state, h,

number of state level 1 from h-1, ¢( %) */
/* OUTPUT: generation of 3rd tvpe of candidate states
and Insert into heap, H #/

¥ % =c(h) +1 Then /* when y,=1 V 7%/
For =1 to h— 1 Do
generate candidate state, S” by g, (/);
INSERT( S”, P(S"), H)
End For
Else
S/~ ¢(h) 1 =0Then
I - c¢(h) =2 Then
generate candidate state, S” by g4(1);
Call INSERT( S, P(S’), HY.
For k=1 to c(h) Do
generate candidate state, S” by g, (h— k)
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Call INSERT( S”, P(S’), I
End For

Else
I h—c(h) > 2 Then
If SCh—c(h)—2) =1 Then
generate candidate state S~
by go(h— c(h) —2);
Call INSERT( S, P(S"), H%
End If

If ¢(k) > 1 Then
For k=1 to ¢(%) Do
generate candidate state S’

by g, (h— k)
Call INSERT( S”, P(S"), H)
End For
End If
End If

End If

End If

d If

En
End Candidate_2/+ end of Candidate_2()%/

T2 4. 2|1 7t AMEN(MPS) A ATIa|E(AM] B FH)
Fig. 4. MPS Generation Algorithm(3rd type)
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Table 4. State, Probability, Ratio, Reordered Rank

-

Fl

Aef
) w; P
T
0 1 2 3 (p1/ps0)
- 1] 0.65 0.20 0.10 0.05 0.3076 1
x| 2| 0.75 0.15 0.07 0.03 0.2 2
2l 3| 080 0.10 0.07 0.03 0.125 3

B L. &0 75 aEf &, el Fo) 20|, Eat E T k= 5
Table 5. Number of Most Probable states, Maximal
Heap Size, Average Number of Residual Nodes in Heap

Gaebler 2| Shierg| KoKl e

oo | BR | o | BRI ye | =T
m =[CH e =|CH =|CH (%)

- R0 | o | Zlod

10 8 5.25 6 4.00 4 2.75 | 83.69
20 12 7.56 9 5.61 8 4.22 | 93.59
30 13 9.25 11 6.93 9 546 | 97.33
40 13 9.68 N 7.52 9 595 | 98.99
50 13 9.33 I 7.46 9 5.97 | 99.69
64 13 8.03 11 6.53 9 5.39 100

olelgh 7} whgel| oJaf A 3 7]l Batol= At
WHol Gaebler®]e] WHel Hlsl 1 oF 50% A7 &R =
049111 Shiere] 2] W] Blglole oF 30%3 = 2A 288

2 ¢ Atk mAle MPSE AR w7k o] Fi4<l
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A AREHE & 4 ok 23 =T 98.99%%1 A& 71E
o7 g, P go| AFEFE Gaebler?t Chenoll Blsl F
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W= S e B 271, Q] = 10240171 MPSe] #
mel 2718 5078 |Q 7 A e A9 wel 2
e F 7o HERIATE |9 9] F 20%%1 = 2002 W
95%°] EFH = 2t

6. el BHE, =8| X =M =9

(n=5.M; =4 =123
Table 6. State, Probability, Ratio, Reordered Rank

SE g w; -

0 1 2 3 |(Bi/pyg)
1107 | 02 | 005 | 005 | 0286 | 2
x| 2 065 02 0.1 0.05 | 031 1
| 3 |075] 02 | 003 | 002 | 0267 | 3
i| 4 | 085| 008 | 004 | 003 | 00941 | 5
5|08 | 01| 007 | 003 | 0125 | 4

B 7. AWISAE , gl =, BR B Fojes
Table 7. Number of Most Probable states, Maximal Heap Size, Average
Number of Residual Nodes in Heap
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m =[CH hof =|CH Tiof =|CH Tiof (
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2| e 2| e 22| e
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100 77 46.4 55 384 | 42 | 257 | 92.22
200 116 72.6 85 50.7| 63 |39.6| 97.09
300 137 89.9 100 |65.0| 79 |496 | 98.70
400 144 1101.8| 118 | 768 | 86 |56.6 | 99.38
500 146 |109.8| 118 |83.0| 91 62.0 | 99.70
600 146 | 1132 118 |86.9 | 91 64.3 | 99.86
800 146 | 1123 | 118 |89.3 | 91 65.9 | 99.98
900 146 1076 | 118 |86.8 | 91 63.9 | 99.99
1024 146 97.8 118 180.1 91 58.8 100
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