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Abstract: Time-Space consistency (TSC) is a crucial and fundamental problem in service-oriented distributed simulation application
(SODSA), but current researches have been inclined to consider the concepts of special time and space and have been unable to achieve
the global TSC in whole modeling and simulation. By analyzing requirements of generalized TSC and its inconsistent factors, the study
presents the global axis of TSC. The notion generalized time-space hierarchical consistency is proposed, consisting of formal definition,
of the consistency-resource-model-service-perceive model (C-RMSP), consistency-time-space maturity (C-TSM), and consistency-
hierarchical framework (C-HF). The research achievements in this paper reinforce the understanding of global time-space demands of
consistency and support global quantitative evaluation on TSC of distributed simulation applications in the future, which are beneficial to
resolving inconsistent issues in the whole simulation system.
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Fig.3 Factors on generalized time-space inconsistency
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{H B[R BRLIfT Gp<<28,0< Ap<< 1, FRIA SN P ik B —BUPE A BN O 1 —BURES.P A FTE A GNTESS b el T,
I —ERE N P(T) = Y P(T)  n om HEA PIE B BIE N Ap HII 22— L

. P(T)=P,(TL)=F(T)r+#q

ff VIS k< mI< p,g<n, st. {9P<25 .

M HACY A= B AT BT, IR P AR o — 3L
3.2 C-RMSP—E£1EE!

FEBLUF 5T SODSA I, s WU 5 18 sf 3N 25 Pl S I 2 — BUME I 29 3R0C 5, el 0% FE R JR 1O I 2%
PURIR A L HTC p B R RN I AT ) A AR AR A OR UE 0 2T LA R T B0 B AS — Sk
i BEMTE . U5 A H WIS R AU 5 18,4 A5 B () 1K — Bk IR SC R W B 4 s vl LUE M I
BURBT R I —BGR MM 1) — SRR B S RS —BUHIRES, N S TR — S0k s 2= 24 P&
TRPINAREEC TP R AR BT RM RS 2% sf B 25— S0 B 5 e .

EX 16(—H 4R A IBEEFF). 7€ SODMSF HES TV o(T)),0€ {R,M,S,P},T>0,3sf W K — SR 58 48 )7 LS
(logic sequence):

LS=[R(T)—>M(T)—>S(T)—~>P(T))] (%)

FA o MM LS WK 5 i >R m HEEERT, >R RN HIT,oR T A X
#HAR LS P HI R 1.

Sy D
g %& %

B M IR R
—EE g
Fig.4 Consistency relationships among global simulation field Fig.5 Logic sequences of consistent
based on perceive field states in o
K4 T A S 4 Ja 0 U — UM SR IR R K5 o SIEREZHEF

Table 1 Relationships on logical sequences of consistency states in o

R1 o SIPREEHFRKRR

— RS R(T) M(T) S(Ty) P(T)
R(Ti) <> — = =
MT) - = - =
S(T) - - < -
P(T) — — — <>

] 3:R(TY)—>M(T)FR 7R R —BHEIRE N M — B IR S PR 2 S R I RS B0 N e M i =
SO A B A S — B0 TR AN KA BRI, A 25 18 4 Uk SR 243 e o 1) A 5 0 3, LA 28 ) B sk A S AR
FWT,HL 2 3 007 BT AL S 2 JRER . TRV B 38 A 17 410 1) FL AR A 2 2 RO TR 1), 25 B8 4% o A 1 — SO RS DRIk
Xt T HE AN B E P S - B R AT R

EX 17(C-RMSP —HMHEEY). 7E SODSA B, FAC S &7 501 217 3l A2 LUT 4 AR 1, 7 338 R MLS F0 P
WA LIRTT p ] PR EIIE B 2% — BURRE T S 3 P 3k — BB (C-RMSP):
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M 1. Voes . T>0,prq,0(T)=0,(T)=0,(T).

£ 2. Voesf,T>0,0,<26.

&M 3. Vo(T),0e {RM,S,P} il /& 58 316 ) — B RS BT

C-RMSP 3T SODMSF HEZLML A1, 2545 1 BLAK R, M,S A1 P,2% [E ¥ DSA Q- 80bk i) 40K T
SODSA Xif Q— 8Pk 75 =R (197 1) AZA T\ DSA 42 ey R, 4 7 07 IR T2 IR BLSE b N 38 45 45375 30 (1 2 R G s
23— MR AR U, LA RO BT R 16— S0P R R T R B A R X B LN A - o A L
3.3 C-TSMABAE

E A TR AT A AR i DSA RGQ— BT K FRATIR T — S0k 5 2 i S M S B (C-TSM), 4 1]
6 TR G5 g 4 AN B AN Z PR 25 Gk v, B 2 — SOV R R i 2 R B — 30k T —
FPE R CAE C-TSM-LYE R I3 — B 2al b, B8] M 2= —3R 5 M A — 0 1T 46— b il
J5 0 4E C-TSM-ILAE 11 305 Fmls b N S B 25— 850 A T 41— S0 )% il /B C-TSM-L g, 76 1T
PRI A EN P —BURRAE TV R — B A 10 /E C-TSM-IV.

C-TSM-IV PHA—3
C-TSM-III-+— S —5
C-TSM-II M —E
casmr -4 | S RifEEH

Fig.6 Maturity model of generalized TSC
K6 7SN —BUsA

FR B BRASE S of W AR Z IR0 N6 R AR 2.R(T)FR R R 25— Bk AS T AR IR R4 AR
sl DUE R AIE R IV G S0P BB AN 7 B R GE I I 8 — SOV R B A v, O LA R R A
YA . C-TSM R A RS T SODSA 4RI 2% )24 — BUE 7 3K, W] T DSA RAQ - H W =4tk ¢ R,
AT R IR G R B E S
Table 2 Relations between C-TSM and consistency states in o

F2 HUENERAEL o — BUEIREHIRR

PR RE—H
MR R(T) M(T) S(7) (T
C-TSM-I v _ 3 _
C-TSM-II x/ v % -
C-TSM-III v v v
C-TSM-1V \ v \ N
2 ATTNAS R A8 BE ST 58 DSA (1) i 25 —S0ME ) 81, B AR W0 K 381 4% 5 TL3 (E R 1 Oy R N R % —

SOV ) LR T M AR R BT B R TN ORI S BURBOR 5 SE (BRI DSA 4R L 2
B8 I A B 22 — BOMETE 7 10 M P MR 2 MR A8 TR I, 244 T PRI 9 W A A D DSA R4 Q —Bibk i) f.C-TSM
AT ) YR AN AR A e S I LB A T 9 A B S HE .

3.4 C-HFEHRIELR

3.4.1  BRZEHHES(C-HF)
TE 53 A AE BAT L A OR A7 B E 1, 38 380 i 25K (% 07 080 AN B4R A 1 B, 1 2 7 2L (% | 44 5w #4) DSA
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TE— A — B0y IR (] FH 2 [8) B0 458 P A2 T 6 )2 PR I [ 25 A0 B AT 25 0 73 PRy I ] — 380, 1 4R X DR AIE AN 1 L R
FAMIEA S — 300k 18 7 45 8 T SODMSF AERE T 447 47 BLT AR BT 25 — S0P I SR HE SR AZAE 48 DL 2 40
b Rk I T IR T SODSA 4 R A — Sk AR AR A B, 2 AN R,MLS FN P22 e A s SR A
AR ACAE C-HF-R,C-HF-M,C-HF-S Fl C-HF-P. %3 I 25 AR AL C RO R b M0 LR B 2554 MO S 4k Fs e 1
B SUI 23 FEHE M I 2502 RS A AT T BB S5 (1 IRtk S I 23 st — 3500 0 BB 2R 8 U R (W R 45 1) 2
WA P B 25020 ML S B AR R . BB S i 45

| PR | T
NI =Y ﬂ>‘Mﬁ*ﬁ‘ < e | |
| BTG | | EWHIE | H HEGHR | P
A I &
= ]
| ST A | e R
BT TF\%ﬁﬁ%%\.u P B
DU | | e
R TENEI U MG | ‘ sz |
# iz [ o =
% | MR | =
2 b}
S| | [ | [ powwew 1T powsem || B s || =
GiELH
_ =
| R | _— %
EGEINE AT i ||
Ri
ELCmE e Al | .

Fig.7 Hierarchical consistency framework based on generalized time-space field
K7 ) SO 5R 29— B HE SR
3.4.2 R W #¥(C-HF-R)

AT L R NN AT ARG IERE N 2,08 MBI RE . BREE . AR ARRR I HESE TS 8), 2 5k
ST B 2 3 W A S A7 T B I [ 5 LI ()28 7 VA A A O L R SR AP (GPS) s 19 2% I [1] 113 15
(NTP). Z LI [B] [ (FTSP). Z2% ) &R 2 (RBS)% K H N H AR A A S HAR . DR #ER @A I a4 it
A5 R UR I 2 A e R WS SR L A I B RS (M ) B A A L R TG IR A A I i A K]
RGPy — SO, 7 0 DR AR - 29 SROTT R AT g /NS i I — SEOPERIRGS.

3.4.3 M W 7(C-HF-M)

M 2358 — B R R 2R A% Dz — A5 O SR R A sl RSB, AR P B A A . B AL Ak
PR B H AR AR SEE B AN DR ) — BUVE LR 0. O A8 117 5045 F IR, 07 FORBE Y R i e M 2 (RS B,
R 2 T 3l o 49— A4 9 S I R 0 o T AR 0 Bt 5 A 6 5 8 At S S P P ik R T AR T T L T ORI
.M ISR T R A AR OR R I A — SR RT3 R AT A I 2 — SO SR R AR 1 R AR DGR, A2 AR
R B REE A S L 8 R M e e 2 —.

3.4.4 S (C-HF-S)

SN BT MO A — BV 2 HE SR A% O U 2 —, 3 N R Bl B TR 55 e SO, AR I 5 M

XF MO ARSI B IR S A AL L IR A5 A LR 5 0 SO R AR SR BRI 25 rTEE L EL AR 468 I
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— AT ZER PR IR — MR 25 AN TR RRAS 1) 4 R — S5k, 10 HL 75 ZE AR E R 45 45 5 (IR R TE A . IR 4582 T (¥ i
VEPESE.S I A — SO A L RN IE A S A R AR AR M 5 S IS — 2,72 SODSA i 4L
G R i) L

3.4.5 P W #¥(C-HF-P)

P IS5 N BTG B L T 3k 3 AN I 23 e, A% i By FCR AR R S N o s AN R IR L %7 s R0 L
ATEINENZ B P WINESIE N T B H P — N 5 B st SARE T 10 R SO0 0 B R4 2 2
ST A R B . 2 A R I MRS S I B B T L P I S A A RSk B FLIE
OB BUHRAS, T B AEZE PN X A A R E A s e, R SORA R P N B KB
MR 2, B A P T I0IER —YE . & B A R R OB AR AE S 0 88 5 P I B A E

4 LAY

K DSA REGEHT HLA 224 10 JR 300 N ZDAE 0 B B9 08 3 AN, 470 AU AL L IR 45 00 Y 7 S THD %
1A 52 3 N R FH AR SCHR HH A R A B R T 5 A b e A 20 T R 10 — SUPE R AR 42 S O WA R iy e
C-HF ZHHELE 50T RS C-RMSP —H(PEF C-TSM L.

XV, % oW — BEARA o(T) vl i S8R % 5K A i e, DY A S0 i 5 B QB Y — o, B
YY =09 =0y ARG sf o0 VAT 3y G AROE A 3 AR, 347(1=1,2,3,0 = R,M,S,P). 7E AF ', 3S5() =
1,2,3), WP Sy = {1, 75,75}, R BRI 43 S R Sy s[RI ELE 47 b3S, (j=1,2,3), W Sy, = {1 . vls vy b AL AT 43
Sy K Sy, KK T3 Sy, 85,85 1 S, 85,85 WA 4 5 45 741 S 107 YR AE ] o(T) . LI AL M ko]
LIRTCIT A S], WA S % LR TC IR AR o 172 S48 ARV 50 B 2 Ji v S 9 il L 13.

X34 T AT RIS A R

Table 3  State values of S7, and calculating results of M(T;) for model field M
F3 OB M S REMES MT)IHE 4R

DR 5 iy R M5 (1) HFME e | SR M(T) | M SR M(T)
3

Tl (ML), MX(T), M} (T})) = (0.99,0.98,0.98) | (0.45,0.35,02) | X @, M{(T;)=0.9845
k=1 3
3 M (T,

W2 | (My(T).M(T).M(T)) = (0.97,099,098) | (0.503,02) | Y@, M;(T)=09780 Z A ‘),09820
k=1 f_ .

@, M (T)=0.9835

M

3 (M(T;), M} (T),M;(T,)) = (0.98,0.99,0.98) | (0.45,0.35,0.2)

=~

=1

Hfi o WAIARTTIF 51 83,8, Sh IR AEL AL T A v L% R TR RE PR 7 3% bl Uk Lo K 4t ok SR N 39 i o N R
—HPRIRES AR I 4.

Table 4 Results of consistency states in o

x4 oI FMRIREE R

D0 WO :
R(T)) M{(Ty) S(T») P(Ty) —HMEAEA
BT 0.975 5 0.984 5 0.963 6 0.981 0
i 2 0.975 5 0.978 0 0.984 2 0.981 0
A3 0.9755 0.983 5 0.9925 0.981 0 U;“’c +(4,)=0.9789
Ao 0.975 5 0.982 0 0.980 1 0.981 0
@y 0.4 0.3 0.2 0.1

ORI 28— BUEIR S AR B XM N, 67 IEZS 5070, B2 1=1,6=0.01, 1% 3. £ 4. ARG)AE X 12 1531
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R(T) = Ry(T)) = Ry(T)) = R(T)) = 0.9755 = 2, 1 =¥y =17,
MPFEPEIR R K5 B B (EAx=0.9755. — S ] B 02=0.0084 #1425 —Z [FAE &% A ais Pl ARG)HIE X 15
153
BR(T)) = P(T))= B(T)) = P(T;) = 0.9810 = 4,,

_los—of 1) A
001 ) 2

_0.5_4,(%—1}_%
2

9,,:‘P(A,,<XP<1)—% =0.0192 < 0.02 =25,

0, =P, < X, <1) _%R —0.0084 < 0.02 = 25.

0.01

IRV A PO B HRAS, WA SNk P OIA B B {H A =0.9810 — B BR 0,=0.0192 1 ¥ —HLAR
P A (4). % 3 RIR 4K KT T 0y Rl 95 BEALIEL M K] 0,,=0.0269>2 5, M T,)=My( T) i AIE F] M 12— 30 )
48 S B 0570.0134<25,(0 S(T)#SUT) AL QW E) S B 25— AL DSA M.Q— 1B A E1=0.9789,
T W7 L O AT B KA T A L2 K AR C-RMSP — S0P R Y J7 AH B 545 5 1% DSA R G0 R s il /58 X
17 R4 A 1 FNS A 2, AR I8 2] C-RMSP JIT 1A (1 — B MEFE B2 i DSA R4 2 R i 5 —F RIA 2] C-TSM-1
— SR A RE AR P I IR B — B MO A S A R AR IR B — B M C-TSM A E TC i LT B s 4.

R T ZE 5 SR, 56 BT (00— BOPE o 8142023 e P as — 3, Jp sk RS R B, LT BEIE B C-TSM-T B
BEEHON(R B 25— 30, A8 — 503 22 R AR A AR B0 . B O R Bl A A S5, T sE I MR S — 3G 05
N1 I ER 1 T W 0 N Rt 6 5 N O ST v 8t A N ' 1 R /1R 1 5
FPEAk 7 VE SRR A B S BI P I 28 — B0 AR T, KRB0 2L R G RN SR 10 R G AN DG )y T — SR M s i 4
JAT™ LI 28— 30(C-TSM-TV  2). 417 3152 o 45 J 38 W, 45 77 T 1) — 3500 S I 2 J2 40 338 10 b A, 58 1 R F AR AR
Dl B AL VA O XA R R BT AR SCAE S R G TR AL AR S () A FE 1 R — B R TN e—
R A S ECAME S, 56 8 RIA—80E B AR BRI RSO R, SEME T DSA REN4A
B — SO G AR A SCRER S ) 51 A IE S DSA 42 iy JE TR AEAA 1 4% A J2 T HS L 3R A B B
F T AAEC IR B RS NGNS BT A — B A N DSA BEAR T RN R G I Q— SRR

5 HRE

ARSI I 43 4 SODMSF HESE R I DSA Xk SCFI ™ U 2% — S0k 10 5 3R 38 0 7 407 20 R e 10— S50k v =
IS AN JZTH R T 520N 2SR — SR PR 2 AR TR B T SO A R R SO A AR A S I R — SO D 1
pbsE X —H PR C-RMSP. — S I 2% 3% C-TSM B K — 31 R RAE LR C-HF. A SO 2R AR 4y
R RGP I 2 —B0bE . A7 50N 1 IE b R A 0 B S — B RS R W a R BT
DSA 25— Sk k. DT C-HF J2 HE 42 o 8- 350 10 ] 2 158 22 Bl A5 AL AL L, 208 3o 4298 R UASE 2 A 1)
FLIRBE o 07 B0 5 07 BOXE SR B 2 — SO I BAT D, I P9 A (0 A 5 AL A, AT a2k ) 4 ol B 2 43 2
P RGN A BOMEREBE 10 B .53 A0 10 A SCH H (RN 2 5 B AR JE s b R OB T S A - B AL

P,

Bt AR BAT IR A SO AR SR AR B A A AT, JE R AR I AU T ORISR O A SR A
R B AN TSP ] 7 R R 2 v S 2 e 2 R R AN 32 34T 803 S L AT AR 7 i
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