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A New Approach of C*ISR Requirements
Development : Modeling Based on Ontology
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Abstract: Being complex and special, C'ISR requirements are, often comprehended and expressed in various ways. Nowadays the
results of C*'ISR requirements development are unsatisfactory. Therefore, the authors put forward a new approach: modeling C*ISR
requirements based on ontology. In this paper, the ontology of the basic categories and relationships needed to represent C'ISR
requirements is present. Ontology model and semantic ontology model are included. In particular, the research focuses on clarifying the
domain knowledge about C'ISR requirements. After that, a procedure for modeling C'ISR requirements based on ontology is supplied.
Finally, an illustration is pmvided to show the feasibility, and effectiveness of the approach, indicating its promising prospect.
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MODEL OperationalNodeRelationModel

whole _ part: P (OperationalNode x OperationalNode)
producer _ consumer: P (OperationalNode x Operational Information x OperationalNode)

BRI 1

(i ) node FF7E “father”¥5 /5, father _ nodecs FFTE FSBX whole _ part (father _ node x node) ;

(i ) node FFFE " child” 45 /5 child _ nodeesfF7E XK whole _ part (node x child _ node) ;

(iii ) producer _ node“produce” information, 7 /& consumer _ node “consume” information & #7 7E 3 B
producer _ consumer( producer _ node X information X consumer _ node) o
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Class Operational Task: Class Operational Activity
operational_node:P OperationalNode /T X R ~ operational_task: P Operational Task /Bl R % &K
operational _activity: P Operational Activity /[H 3‘&% | - operational_node: P OperationalNode /[T X3
father: P OperationalTask /R F % & operational_infonnation: input: P Operationallnformation7/ R 3% &
child: P OperationalTask /RF ¥ %K control: POperationallnformationy/ FR ¥R
/ output: P Operationallnformation XA B % 5
father: P Operational Activity // &2F % &
child: P OperationalActivity /R F % & / [)
Class OperationalNode ) ) ‘\
operational_node_description:location:() ) / / / l
entity: () Class OperationalInformation
operational_task: P Operational Task I/&ﬁ%% | information_element_description: content: ()
operational_activity: P OperationalActivity /J#{7 % L e
operational_information: produce: P Opermona.[lnfonnatlon IRBF R \ interoperability: ()
consume: P OperationalInformation// A% F———  producer: operational_node: P OperationalNode /& % &
CISR _systems:embed: P CYISRSystems /R N/SIEXRF operational_activity: P OperationalNode //[H %2
. link: P C*ISRSystems /R N/EEER T & : operational_node: P OperationalNode //#i % &
father: P OperationalNode /2 F X% / operational_activity: P Operational Activity /IR KX F
child: P OperationalNode //S2F %% C*ISR _systems_function: P CISRSystemsFunction/[ER % &
father: P OperationalInformation /A F % &
OperationalNode //R2F % %
child: P OperationalInformation /R F % %&

Class C'ISRSystems / - A\

operational_node : embedded: P OperationalNode /8% N/8EHER R Class CISR SystemsFunction
linked: P OperationaNode // i NAEERR CISR_systems: P C'ISRSystems
CISR _systems_finction: P C'ISRSystemsFunction //#f % & operational_information: produce: P OperationalInformation // 8L 3 5
CSR_systems_technology: P C*ISRSystemsTechnology /41 % & transact: P Operati c_malmfonnation NERER
father: PCISRSystems // R F % & . consume: P Operattmaﬂnfmmtion NEARRE
child: PCISRSystems /R F % & CIISR_technology_performance: P C'1SRSystemsFunction //§ME% %
- father; P C'ISRSystemsFunction /&2 F % & /

\ / child: P C“ISRS};stemsF unction // RFER

Class C'ISRTechnology
CISR_systems: P C'ISRSystems // Qﬂbjz%ﬁ Class CISRTechnologyPerformance
CISR_technology _description: area: () CUISR_systems_technology: P C'ISRSystemsTechnology //#i# % &
capability: () CYISR _technology_performance_description: service_area: ()
state: () ) parameter: ()
CISR_technology _performance: PC*ISRTechnologyPerformance/$li#7% &—{ C‘ISR_systems_function: P CISRSystemsFunction //4Mk % &
father: P C*ISRTechnology // LF X &R father: P C*ISRTechnologyPerformance // L ¥ X &
child: P CISRTechnology // RF % & child: P CYISRTechnologyPerformance /R F % &

B2 CISRERETEERELRR
Fig.2 Meta-ontology and the semantic relations in C'ISR requirements domain

MODEL OperationalActivityModel

whole _ part: P (OperationalActivity x Operational Activity)

performing: P (OperationalNode‘x OperationalActivity)

inputting: P ( Operationallnformation x OperationalActivity)

controlling: P ( OperationalInformation x OperationalActivity)

outputting: P ( OperationalActivity x OperationalInformation)
BT 2.
(i) activity 777E “father" TG 3l father _ activityes FEFEFEK whole _ part(father _ activity x activity) ;
(il) activity FF7E“child" &3 child _ activityes FFEERHER whole _ part(activity x child _ activity);
(i) activity H“ operational _ node’ "5 15 node JBITFFIEREE performing(node x activity) ;
(iv) activity % “operational _ information: input”{&.S. inputefFZESCEX inputting(input X activity) ; _
(V) activity A “operational _ information: control” {5 &, controles 77 7EFHK controlling( control x activity) ;
(Vi) activity A “operational _ information: output” 5 & outputes7FFE KX outputting( activity X output) o
(SR {5 BAERY A8 20 - FRA" IR, LABY s 2 o T B 2 Al B AT T - TR Sk
MODEL OperationalInformationModel _

whole _ part: P ( Operationallnformation x OperationalInformation) /2% SCHK[ 12]

U (OperationalNode x Operationallnformation) /2% 3C#k[12]

producer _ consumer: P (OperationalNode x OperationalInformation x OperationalNode)
U (Operational Activity x OperationalInformation x OperationalActivity)
BRETRLI 3: :
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(i) information FE7E “father”{§ B f _ informationesfF7E Bk whole _ part(f _ information x information) ;
(i ) information F77E “father” 17 /% f _ nodecsFFFEFHk whole _ part(f _ node x information) ;
(i ) information ZE7E “child” 5 5 ¢ _ informatione7F#E K€ whole _ part (information x ¢ _ information) ;
(iv) information F77E “producer” 7 & producer _ nodefF7E “ consumer” 7 /% consumer _ nodecs 7 £E KBk
producer _ consumer( producer _ node X information x consumer _ node) ;
(V) information F#7E “producer” & 3l producer _ activity .77 7E “ consumer” {& 3] consumer __ activity < f77E
KEX producer _ consumer( producer _ activity X information X consumer _ activity) o
WOREHEEE. ABRENERRZEEBZRN 2T - W47 KK, UEEEEREFER)S
C'ISR RAIHEBZ AR B A - B KT S - B i 7 R Bk,
MODEL ' ISRSystemsFunctionModel
whole _ part: P (dlSRSystemsFunction x C ISRSystemsFunction)
inputting: P (Operationallnformation x C*ISRSystemsFunction)
outpuiting: P ( C*ISRSystemsFunction x OperationalInformation )
BRETHLI 4:
(| )function(t)7F7E “father” TN §% father _ function (t) < 77 7E KBk whole _ part(father _ function (t) x
function(t) ) ;
(i ) function(t) 77 7 “child” I BE child _ function (t) > FF#E KBk whole _ part (function(t) x child _
function(t) ) ;
(i ) function(t) 7= 4= “ operational _ information: produce”fg &\ produce (t)e> FFFEXEX outputting( function
(t) x produce (t)) EAHFEREE inputting( produce (t) x function(t) ) ;
(V) function(t) &b BB “ operational _ information: transact”{g B, transact (t) e FETEFEE inputting ( transact
(t) x function(t) ) EFFFEREK outputting( function(t) x transact(t)) ;
(V) function(t) JE#E" operational _ information: consume” {5 &, consume(t) <> FFTE XX inputting( consume
() x function(t) ) A ARFFFEREE outputting( function(t) X produce (t)) o
(S)ThEE AR IR 28 - F4r" KB, IR RAE S TR Z A “HA - B A7 “HE#E - g
KEK, ‘
MODEL C*ISRFunctionalStructureModel
whole _ part: P (C'ISRSystems x C*ISRSystems)
embedding: P (C'ISRSystems x OperationalNode)
linking: P (C'ISRSystems x OperationalNode)
BRI 5
(1)systems(t)EF7E “father” 2R father _ systems(t) e FFFERIK whole _ part(father _ systems(t) x systems(t));
(i) systems(t)FF7E " child” REE child _ systems(t)e FFEEFRIK whole _ part(systems(t) x child _ systems(t));
(i ) systems(t)#& A “C'ISR _ systems: embed” 7 5 embed(t) ey 777EHE embedding(systems(t) X embed
(1));
(iv ) systems(t) FE4E“C ISR _ systems: link” 7 & link(t) > 7EFEREK linking( systems(t) x link(t) )
(6) B ARSEBRBR AIEHR Z ] “ 2AB - A" KB HARE REZ M TR - BH KR,
MODEL C' ISRTechnologyForecastModel
whole _ part: P (C'ISRTechnology x C'ISRTechnology)
supporting: P (C* ISRTechnology‘x C*ISRSystems)
BT AL 6
(1 )tech(t)FE7E “father” £ 7R father _ tech(t)es FFFEFER whole _ part(father _ tech(t) x tech(t));
(i )tech(t)TEFE“child"H A child _ tech(t) & FEHE K HE whole _ part(tech(t) x child _ tech(t)) ;
(il Ytech(t) I 3“C ISR _ systems” REE systems(t) > FFTEFREK supporting(tech(t) x systems (t) ) o
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(DEARTERERR . C' ISR BARERE 5 RGN B 1 SHF - BLH KK
MODEL C' ISRTechnologyPerformanceModel
supporting: P (C*[SRTechnologyPerformance x C*ISRSystemsFunction)
performance(t) 3735 “C' ISR _ systems _ function” 1§ function(t) 17 FEREX supporting( periormance(t) x
function(t) ) o
AL 1 AL 7 R SRR R —— B, iR SRR B SRR AT DOE e A R 15 3. BT L,
ARG BB ORISR , 7 ORI (Rl iE B — Bt

2 EBEFHREH CISR EREMHE

2.1 C'ISREENFERBESRE X

Xt C'ISR RE, INRRA A RALRE 1 FoRiE SCHR AR BRI A RN T

%1

Step 1 H TR T4 FET R I5S, BEEARREWHT SERSGE M) JEESGEM),
2 Stepl , 1H 21T S ATE B P “father” “child” o A7 “BRETRLN 17 B/EE T S X R AR “whole _ part” 56
B, B BRETHLI 27 154 BRTE SR “whole _ part” REK

Step 2 EF Step | FHE1 A JESh, B ABAHEHGEN ANN)) o A THRIERRIM—HE,
A BN USupl ATACA(N), AEM, |o B35 A, A, BRTAPITHNESD, A, = A, UA, B A A,
A EM,, SR Ao £ Step 2,73 2175 SSUB M “operational _ activity” o

Step 3 FETF Step 1 Frg A JES), BEBTEIMTRGEH N(A)) . A THRIEEFERE—1E,
2y @R USupININCN(A), NEMy o BI:# N, N, BRBUTESN AN =NUN, EN,.N,.
N, € My, Ul H & N.o 4 Step 3, 1% 15 3l J& 7% “ operational _ node”, H7 “B 5 #L W 27 15 1% sh 4 &Y
“performing” 32X o

Step4 F—AHEABITHENED, REEZRNEE. & Step 4,715 25 BB producer”
“consumer” “father” F1“child” , F “BATHEN 37 AT 1815 B LAY “whole _ part” JCHX F1“ producer _ consumer” 3¢
HRo

Step 5 3T Step 4 IR {5 B KB producer” “ consumer”, B E T R MMA i tH, MEE LA L
B “ producer” 5 S A N, UL &N, #“produce” s LA consumer” 3 SR N, U 1 B N, B9 consume”, 2
Step 5, 75 2155 5 /)8 ¥ “ operational _ information” . F “BEEFHLN 17 AL 18 1E AR 75 5 3% ZABERY “ producer _
consumer” o Jk

Step 6 FT Step 4 P35 B #9JE M “ producer” “ consumer” , i 7€ 15 B B3 A I HI FE 1, XHER
L, 1, B producer” 151K A, , WU 1, 22 A, #9“output” ;35 I, #Y “consumer” &34 A, , I T, & A, #“input”
(K" control” ) , £ “input” 5 “ control " Fi 7 B X 53 BT B AE “ control ", 2 Step 6, 753 FI 75 3 98 #£ “ operational
_ information”, F“BLSTEL 2”78 4E 53 S5 AL “ inputting” F2HK | “ controlling” FSBK 1 “outputting” K

BV BB, B BWER T R REE MR SR AR5 BRI BT ORIk, i AT SCAR [ 8)
EXRIERAER C'ISR REAFRIAHE, -
2.2 CISRZGHFRERKALEE

EXHARE C'ISR R4, IR A W R R AT RIE SGER A AR, W EE S RT

g% 2. )

Step 1 43-H{5 B 465 B4 ELIRML A EE (5 8 BURTE RN AR A2 S BEBIRENF Y
B, P W R), &3 Sep 1, 15 E 4047 /9 /& £ * information _ element _ description” “ producer” .
“consumer” “father” F1“ child” ‘

Step2 AMHTEHE, ETF T 4M% C'ISR ZAMRE, LB ELS C'ISR RATIAE. Zif Step 2,75
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BRI BER B i “ father” “ child” “ operational _ information” , TR 4, B B R AT RE R RS iy SR Bk
“whole _ part”“inputting” “outputting”

Step 3 FEHINBEMIAIR,IE C'ISR RAEXI 4 ME T I IETF RS, 4t Sep 3,783 C'ISR R4
JBHE:“C ISR _ systems _ function” “father”“ child” ; 1 2R 45 19 J& 1 “ C' ISR _ systems _ function” , 1 B85 B 18 3h
REMBHE“C ISR _ systems” . HHBRSTHLN 5, € T B MR A B “whole _ part”,

Step4 LMERT S XFZEERZEM, £ CISRUBFRESEAEANTE 215 Step 4,155
C'ISR F ZtJ& 1 “operational _ node” , LA X5 &5 f5 BB HE“C' ISR _ systems” . HIBLETHLN 5, By 2T RELH
Y K FX “ embedding” “linking” o

Bt U EEIR, BB R G REREY  DhREG ML RY 0 BT A SR B, i T4 SO [ 8 18 LI A
C'ISR REFRIGBEEL,

2.3 CISRERFREELARZL

FEXTHEE C'ISR R4, IR A WA AT RIE L HHR A A AR, WIS A RUNF

ik 3:

Step 1 LATHREG MR A, B TR FRI4 C'ISR B ARG, B1 C'ISR HiR4EBR, 24 Step
1,18%] C'ISR Hi AR KB 1 “C* ISR _ technology _ description” “father” “child” . HIBESTHEN 6, 5E C ISR HA
SEBAI Y SREK “whole _ part”

Step 2 HBH Step 1 FT#FAY“C ISR _ systems _ technology” 4} B 25 &1~ C' ISR HBEF R S8, 25T Step 2,
B3] CISR FEARBHE“C'ISR _ systems”, WBLSFEI75 C'ISR %5 /B M “C'ISR _ systems _ technology” o FH Bk
SR 6, B 5E C'ISR H AL PRI B “supporting” o

Step 3 VARZTHEEHIRY AERE, 47 Step 1 FTEH CISR HARKIHERES L 85, 23T Step 3,
2% C'ISR i AR BB JE ¥ “ C'ISR _ technology _ performance _ description” “C*ISR _ systems _ technology”
“C*ISR _ systems _ function” ; B C*ISR L AR BEHIJB1H:“C* ISR _ systems _ function” , ¥ it B8 R 4 ThREM
J&TE“C'ISR _ technology _ performance”, H1BRETHLN 7,55 C'ISR AR M AERRY ) S B% “ supporting” o

WA EARR,BET CISR BARSEBRARE HAR BB R A) A K, Wi SO (8 ] LB R
AR C'ISR B AT R R EL,

3 RORERETHERENERER

BERTRPFERT 2R FMAE , FEFE - MEHHE RE, BK AR S 24, 68%
TEHE MM KRB LA AR, EAEFALMERM L, NMEETAREKET C'ISR FRERK TR,
TR R BRI, 5 B FRIRS L 1 BT C'ISR RE /18R4SR,

B0 T 21 5, BB R 28 U E (2 Y)) JBEEHE RN (HC CYC) R KB4 HE
HlHO (T 1) JRTTRy S 3 (R11E FKQ) JRT By Zs # 7] 435 (8710 SLB) (kM B2 X H(X=1,2,3),

FREHRAS G R BB VRT3 BRI KB “whole _ part”

whole _ part (FKQ x FiA¥) whole _ part (FKQ x SLB) whole _ part (FKQ x 5= X &)

B T T 25 30, 19 203 3h 2 m BRI (12 YC) {7 BALZE(FTIC XC) (B =R (18 FK) 18
R PR R T8 M AR TS SRR B ST “ whole _ part” 55 “ performing” :
whole _ part (FKx 1#7) whole _part (FKx %¢H%)  performing (LZ x XC) performing (SLB x 1££#)
whole _ part (FK x #¥4#)  performing (YJx YC) performing (FKQ x FK) performing (SLB x #5 )
whole _ part (FKx #38)  performing (CYC x YC) performing (FiEW x BE)  performing (B3 X HE x &)

R SBITIES), & B IR B BARRIEEE (12 1C) . BRI B B RATE F R (f
id WZYXD) IR B 2 R A A E (T CSTS)  BARML B (5 B R AER A4 (id WZYML) . HiR ©iT 8%
(f&1ic FX) . BARkERA{E B (112 1Q) . BARE M5 B RAER &4 (838 JQYML) VBB K &% (171
YTS), HEE S SRR EHE “whole _ part”-5 “producer _ consumer” ;
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whole _ part (FKQ x WZYML) producer _ consumer( XC x WZYXD x FK) producer _ consumer($8 % 3% x FX x SLB)
whole _ part (FKQ x FX) producer _ consumer(FKQ x CSTS x LZ) producer _ consumer( & x FX x P¥4i)

whole _ part (FKQ x JQ) producer _ consumer({ FK x CSTS x XC) producer _ consumer(FEAY x JQ x RE)

whole _ part (FKQ x JQYML) producer _ consumer(LZ x WZYXD x SLB) producer _ consumer(SLB x JQYML x B5%s X &)
whole _ part (FKQ x YTS) producer _ consumer( XC x WZYXD x 1¥4%) producer _ consumer( B % x JQYML x 354%)
producer _ consumer( Y] x TC x LZ) pfoducer_conanner(S[Bx CSTS x 1LZ) producer _ consumer(f5 %5 X & x YTS x SLB)
producer _ consumer( CYC x TC x 1Z) producer _ consumer(#F4& x CSTS x XC) producer _ consumer( 3 i x YTS x i¥4)

producer _ consumer( YC x TC x XC) producer _ consumer(SLB x WZYML x T ¥3%)
producer _ consumer(1Z x WZYXD x FKQ)  producer _ consumer(iF44 x WZYML x #%)

IRHE(E SRR A KB “producer _ consumer” , ELETR B 17 R K R R AT 5L BX “ producer _ consumer” :

producer _ consumer( Y] x TC x LZ) producer _ consumer(1Z x WZYXD x SLB) producer _ consumer(SLB x JQYML x Bi%s X &)
producer _ consumer(CYC x TC x [Z) producer _ consumer(SLB x CSTS x LZ) producer _ consumer{ 5% X & x YTS x SLB)

producer _ consumer(LZ x WZYXD x FKQ)  producer _ consumer( SLB x WZYML x 5 k%)
producer _ consumer(FKQ x CSTSx LZ)  producer _ consumer( A% x FX x SLB)

MR AE BB B 2 1K “ producer _ consumer” , 1 %€ 1E £ 16 B0 Y i & BX “ inputting” “ controlling”

“outputting” :

inputting (FFEEfF B x YC) outputting (FK x CSTS) inputting (WZ x ##%) outputting (P x JQYML)
outputting (YC x TC) inputting (CSTS x XC) controlling (ML x &) inputting (JQ x &%)
inputting (TC x XC) outputting (XC x WZYXD) outputting (1% x FX) controlling (ML x 3Z4%)
outputting (XC x WZYXD) inputting (WZ x 4% ) inputting (FX x ¥¥4%) outputting {3CH% x YTS)
inputting (WZ x FK) controlling (XD x P5) outputting (¥ x JQ) inputting (YTS x ¥4%)
controlling (XD x FK) outputting (FFfh x WZYML) inputting (JQ x HR%)

AR, BRI T C'ISR BEAFRRAERIN BT A KB, LUA il B ] XA PR AT R R R TR R L)
IDEFO [ 078 A PRI SRR | LA BTE AL U RS B R AR T

4 Zit5RE

C'ISR F KA LU E X C ISR TR AT E X KEK, BT CISR FR ARG
¥, T DA £ B AL A SRR s BETEALA R C'ISR R, A5 A (S S0 Z 18 TR BESE )
BE. ETAKEY C'IR FRITE, ABASEHNEERRKEARRE B FHAEOARE,AEZ
15 2% SRR 2R UK A A (A e ST R i SORERY B A AR AR, AT LR R R R B

AR CISR TR R ARGV AR R BB A Y BxT st iR BRI B K, TR
FEESE R H“C ISR 47 s X LR EF G BARBIUBARER . KAETHEK C'ISRFRIT
BRIV 6 LRSS TR 007 % , BB L AT RIR T R B TAE

£ % 3L Wk:
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