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Abstract On the basis of entropy theory, te quality of nfom ation transm ission is descrbed with the

ntroduction of tine— effect and accuracy concepts and then the evaliation model is established to ana-

lyze the nfomation transm issbn quality m eanw hile the smulation model based on theM onte— Carlo

method is built to analyze its SE. A fier the SE & valie evaluaton by using value engneerng theory,

can prehensive canparison and optim ization of several system designs is thus realized The results can

provide a theoretical basis of he nnovating of C’ system design and the optim izing of infornaton flow,

so as to enhance systam valie ( effectiveness).
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0 Introduction

M odern Canm and & Control system (c? systan ) is a canplex systam; its value is synhetically affected by
system effectveness ( SE) and its cost And the SE is also affected by varbus factors which inchide not only the
hardw are perffomance but also he own organizational stmicture and operatbnalmode V alue Engineerng(VE)
is amodern techno— econam ic analysis theory it proviles effectvemethods to the optim ization and innovation of
products Thereforg the evaluaton of c’ system § effectiveness and value analysis by usng the systen perspec-

tve and he value engneerng theory is an effective approach to mprove system valie
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1 C* systan € organ izational stucture and infom ation transn ission quality

M odem C’ systam B a “M an— M achine” systam, which ismade up by canmanders canmand structures
cammand means and fulfils canmand& contwol functions to affiliated action units We can regard the system's
organizational structure as vertical and horizontal stmcture The orders fran the top down and the reports fum the
bottan up constitute the canmand systan infom ation vertical flow; and each canmand layer is lnk ng main
finctional nfomatbn subsystans accord ng to horizontal d irectony  called the horizon tal flow of mfomaton The
crisscross nform ation nework is a good foundaton to fulfill canmand & control functbns

Inform ation transn issbn quality mostly descrbes the quality of tme— effect accuracy and htegrity[l]. Be-
cause of the C’ systan § work features we can consder that the systan can remain the same anountof nHmation
(System infomation integrity is the sane); we can assume that infom ation trangm its fum the top layers to down
layers one by onew ithin the system. Therefore ifwe respectively define the order degree of systan’s organization
stmcture fran the pont of tine— effect and accuracy the evaluating standad of C system § infom ation transm is-

2 . 2 . . .
"l The tine— effect and accuracy ofC” systen § nfomaton trandm is-

son quality is the weghted average of them
sbn aremutually contradictory with the ncreasing of canmand layers nfomation transn isson paths have -
creased thus it delays tme— effect of infomation transn issbn but ncreases is acairacy Conversely reducing
layers of canmand itw ill defnitely increase the scope of each canmand layer although it can enhance tme-
effect but infomation bifircation points and m istaken probability will ncreasg thus the accuracy of nbmation

trangm ission w ill be reduced

2 Evaluation m odel of systan information transn isson quality based on entropy theory

Nowadays entropy heoty has been w dely applied in nfom ation system; entropy & notonly a physics con-
cept but also amathematical functon In statistical physics system § entropy is the m easuran ent ofm icroscop ic
states numbers n infomatbn theory it is hem easurement of randan ncidents uncertanty. For a generalized
systan, entropy is the measurem ent of a state§ confusion or disorder >

Reference to the use of stucture entopy in bblogical systans we can descrbe system organizational degree
by he conceptofsystan stuctures odder degree R = 1-H /H ... Herg R represents the order degree of sys-
ten structure H represents the system stmcture entropy, andH ... represents system stmcturem aximal entropy.
The larger of the numerical valie of R, the organizational structure is more efficient
2 1M athenatical descrptbn of system organizational structure

The systam stmcture is shown as Figure 1, it hasn factors andm canm and layers Here “ @) represents
he second factors the strng of o nodes represents the link numbers between wo factors ( the length of the
Inks L;), that is he shortest path of wo factors in the
organizational chart W e consider that the length of directly
lnked is L, and add 1 to the lengh with per transfer ({ j
respectively represents the seril number of factors i=1 2
eon j= 12 .., m).

Here we defne Systen M icroscop ic States ( M SS) as

he possble microscopc state n a systan fran a certan Fig.1 System organizational structure
point of view'”!. The possble paths quantity ofwhich system evolves to a certan state is the total of M SS The
larger of the total of SM'SS  the possibility of system at this state is greatelL 4,
22C systan tme— eflect and tme— effect entropy
c’ system tine— eflect reflects tinely degree anong factors n the nfom ation transm issbn process and tine

— effect entropy reflects its uncertan degree The calculating approach is as follws
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(1)H (i j) represents the time— effect entropy of wo factors betwveen wo vertical layers in ¢’ system,
Hi(vj)=-=pi(ij)logpi(ij) (In this paper the base of all bgarithms is 2). Herg pi (i j) represents the
realization probab ility of systen m icroscopic states ‘tin e— effect pi(i j)=L; A1; andA, represents the total of

systan’ tme— effect m icroscopic states

A= 2L 2 (1
(2)H | represents the total of system tme— effect entropy
Hi= 20 2Hi (1)) (2)
( 3)H i represents system maxin al tine— effect entropy:
Hinw= bgA, (3)
(4)R represents systan tine— effect
Ri=1-H\ H ., (4
23(C system accuracy and accuracy entropy
c system accuracy reflects accurate degree anong factors n infom ation transm issbn process and accuracy
entropy reflects its uncertan degree The calculatng appwoach is as follows
(1)H, (1) represents the accuracy entropy of each factor n ¢’ system, H>(i)= —p2(i) bgpa(i). Herg
p2(i) represents the realizatbn pobability of systen m icoscopic states “accuracy p.(i)= ki /Ax k; represents
the contact scope of each factor( the number of other factorswhich contacted w ith a certan factor ) n ¢’ system;

and A, represents the total of system accuracy m icwscopic states

A= Yk (5)

(2)H > represents the total of systan accuracy entwopy

n

Hy= Y H(i) (6)

( 3)H 21 rtepresents system maxin al accuracy entropy
Hyo= bgA, (7)
(4)R, represents systan accuracy
Ra= 1-H; H 2 (8)
2 4 Infomation trangn Bsion quality of C’ systan
R represents he nfomation transm isson quality of C systam, R= aR,+ BR,. Here a B respectvely repre-
sents the evaluatbnweight of infom atbn tin e~ effect and accuracy( a= 0. § B= 0. 4). The larger of the nun ex

ical value of R, the owan izatbnal stucture is more efficient

3 Siu lation m odel of SE analysis based onM onte— Carlom ethod

System work process itself contains lots of randan factors of uncertainty thereforg it is d ifficu It for building a
unified analyticmodel to descrbe it Among the smulation and analysis methods of S M onte— Carb is one of
the most effectivemethods Itsprnciple is When we want to solve amathematic physical technical or m anaging
prob len, we must found a pwobabilitymodel to descrbe the prob bm firstly and then m ake samp le exan ination a-
bout the pwblen. Fran the end of the exan natbn we can get the approxmate end of the practical prob lan.

In this paper on the pren se of syn hetically analyzng ¢’ systan’s features we buill simulation system
based on M onte— Carlo method and then canpile the action scenario All action units and the correspond ng
state of both sides also have been simulated A fter the obligatory tines tests have been canpleted we can obtain
he statistical value. of SE



B ) : 117

3 1 Sinulatbn of C’ systam itself

In the sinulation of C* system, corresponding to different systan design pwjects for the hardware installa-
tons of one— level canmand vehicle and wo—- level canmand vehicle theirwork tme is abng with he smula-
ton clock foward and the ncreasing number is accordance w ith he tine of enforcng canmand assgnm ent

In this paper we suppose the life of ¢ systam adapts to exponential distribution Respectively acco ing
toMean Time Beween Failure (MTBF) and M isson Time Between Critical Faiure (MTBCF), Monte— Carb
method is used to generate life — distrbuted
randan nunber on every subsystem of c system.
Thuswe can jdgew hether hey are n generic fait
ure and fatal faultor not

W e suppose the time of c’ system § repairing
adapts to exponential d istribution Accordng to this
regulation we can use the distrbutbn's mverse
finction to sample the tine of failire and the tine

of repairing Thus we can judgewhether they have

been 2repalired or not A ccord ng to the correspond- mﬁ:lg?%ﬁl
ng C systen § design pojects the work flow chart d vehicle

wihn a sngle smulatbn pocess is shown n fiure

2

3 2 Smulaton of action un its Reliability judg-
.. . . t of Two -level T

Antagon izing sides will cane through several Y légnm?anr\?e}ﬁz m%ﬁl'g?gﬁf%

events such as actbn, movemeni maintenance Reliability judg- command vehicle
. . ment of Two level

and support etc In this paper usingM onte— ——
Carlo method we pushes he simulatbn clock for v v e v -
ward by consistent steps decides the event by v
smulation cbck, and systen & reliability m an- End

tainab ility and action effect have been smulated Fig.2 Flow chart of C? system within a single simulation process

4 Case Study

4 1 Evaluation of system tranfimsabionquality
A ccodng to three k nds of systams design
project we can draw the corresponding chart of system organizatvnal structurg and they are shown in Figure 3

Feure4 Figure &

Fig.3 1st design project Fig.4 2nd design project Fig.5 3rd design project

W e can use tine— effect and accuracy entropy evaliation models to calculate infomaton transn ission qual+

ty of three k nds of C? systems design project The result is shown n Table 1
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Tah 1 C® system’ s infom atbn transm ission quality

total of systan total of sy stem system sy stem infom ation system un its put
project tme— effect  accumacy entopy  tine- effect accuracy transn ission  effecti — veness ito acton
entopy (H ) H,) (R)) (R,) quality (R) (SE) (N)
1 5. 801 3938 0 157 0 279 0 206 0 393 23
2 5. 201 3 875 0 108 0 281 0 177 0 434 22
3 5 127 3124 0 113 0 405 0 230 0 427 20

4 2 Calculaton of SE

The action scenario should be canpiled firstly and hen the reasonable effectvenessmeasurement parame-
ters should be selected Now we can use MATLAB language to pwogram, after putting the parameters of three
kinds ofC’ systems desin project to sinulationm odels progran, the resultw illbe obtaned It is shown inTable

1 and Table 2
Tah 2 Contrast of C* systan § SE and nfomma ton transm ission quality

Pwoject2 Pmwject 1 Mo Pwoject3 Pmwject 1 Ao
The added proportion of SE 10 4 87
The added proportion of units put into action -43 -13
The added proporton of nbm aton transm ission quality - 137 117

W e coul draw a conclisbn fran results Canpared on he pont of SE, Pwject2 is optinal] but canpared

on the point of system value and nfomatbn transn issbn quality Project3 is optimal

5 Conclisions

In this paper the evaluatbnmodel based on the infomaton entopy theory has been established to analyze
he quality of infomatbn transn issbn. And the practice shows that it is easy to coun} and has the advantage of
avoi ng the subjective factors

M onte— Carb method is one of the uncertain smulatonmethods The smulation model based on M onte—
Carlo method has been built to analyze its SE, with the applicaton of thismodel] c systam effectiveness assess-
ment has been carried out A fier the SE & value evaluatbn we can canparatwvely analyze and optin ize to sever
al system design projects And the practice shows that thismodel is particu larly suitable for use n camparison
and optin ization of ¢’ system § desgn

c’ system effectiveness ( valie) is also affected by infom aton trangm ission security and its re liability;

hereforg it needsmore study and research
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