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A Minimal Substructural Logic in Temporal Database
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? (Institute of Logic and Cognition, Sun Yat-Sen University , Guangzhou 510275)
D (School of Computer , South China Normal University , Guangzhou 510631)

Abstract At present temporal data arithmetic system is imperfect, moreover, it is short of pow-
erful supported by logic and algebra for the relational calculation of temporalities. Based these, we
put forward a minimum substructural logic (TDL,;, ). which is aimed at the critical area of
research fields of temporality inference, temporality operating, temporal relational algebra and
functional dependency of temporal database and its information processing. As substructural logic
and its universal algebra model are logical tools, temporal knowledge is represented only in the
semantics model of TDL,;,,» and the syntactic logic has been deprived in presentation of temporality,
which is cut down the complexity of logic system so that TDL,,, is P-time and its time complexity
is only O(»*). Moreover the syntactic logic of TDL,,, is properly equal to the Armstrong Rules of
functional dependency of traditional database, while the semantics model can build up a method
corresponding to Allen’'s Method of traditional temporal query, which led to the time cost of
temporal query is equal to traditional query without temporality plusing a linear time whose

complexity is only O(n).

Keywords temporal database; substructural logic; temporal query; functional dependency

R H 1 :2012-03-19 5 3 28 SRR R H 391 : 2012-10-10. A SRBAT 3 B 5 A R B 5k 42 (61272067, 60970044, 61104156) .~ A4 H A F
34 (10451009001004804) | J7 A4 H 24 3 4 A BABIF 58 5 H (S2012030006242) )" 73 44 il W 387 24 7l 35 H (2011168005, 2011A010801007)
VLR B BT 9000 5 B4 (11041 D Be B, X0 &7, 5, 1979 4R Ak il Bl B2 b B AL A £ (CCPY & R, R ZAF 58 7 ) o A L4 fe
W B (S B, E-mail; liudn@aliyun, com. 3% J. 55,1964 4E A 4, #0872, 32 SR SE 4 B A5 (5 B AL FE. B D 4, 59,1962 4F
AT B ER OSSO WK LA BRI IR RIS Bk L 55,1983 AR A B AR EEDIR T M ON FA B OB RIEE.



8 1 RN 4 T I BRI T A B R A S 1593

1 5]

T

A5 BT R 5 BR — E ARl A B PR R
F % JRE T 7 A R e . W S A B B AR AT A T B 5 A
KRB IUA I 2S5 K PR (TDB) St v 4 & L #F 5%
TEAAFEAR R, BN SRR ZRERAN
e L R A BLZ REMA T B L L
Frmmig) .

R R AR 1 — Uy SR T A
XiF B 25 B A PR 5 I 25 A B A B T Y S PR A — EAS
WAL 1994 4F Gabbay 5§ AN IRIE T 2 BLAL I 25 2
0 R AE R 7 NS A E B R G e S 80U IR
HEBE, F I AE B R G4 R T 252 A O i S
W RT3, — ORI AR A B AL 52 45,
R AT 5 3 SR HE B RE T 3 L 15 B AL BERE 1 55, S i
AR P 0 25 A Lk BRI 5 M B S L A B B i
AV B R AR A L BR T AR A BN A2 4
A AL VF 2 — B 2 B L IX [R]85 1R 2 AR R Bl S
T2 A A5 T T X B 285 TR A R 2R A TR S A S K
BB A e S TS (HaX SRR g R T
AN WEFE N2 DF 58 15 505 WA R A A B
T SR — WA SR 5 7 YR8 (AT B 6T i 2 S 4
JE IS AE B AL I S B B R R 3B R 2
FEAE FR GEAL Ty HAP 8K S — A I ] -

X T AR U A A M i R S B S TR
— e 43 Ay Bt e P R R RS i) JeE . e B ek
BN FR TR H IR 3K | HE R A2 50 AR o i O
I ZR T a3k bt A R Bt A A B P BT R A9 Y A
TRRR A . I TR kRN R T B A
Hh BRI S N R A 2 B 20 M L ) T
PRI 28 SCH L, S 80T IS AR & A 45
B 25 B80T S 4 DA 5 — 1 2 5 T 1A R
Fok X0 L 5% 5 ik 1k F Hilbert X
BT, 2200 1 0L N B 2, S % 3k 5 4 I 2
P RFE 5 O VR AR  eh R I T AR G 0 S S
TIPS A T AS AT T R AR
M KW FHR RS L AR T15 B R 4.

THE B — A R B K B R S
3 A 45 R RN D) N R A BN Gentzen 33 5 BEIE
PR ARG E T 0 A R S U 2 ) a2
BT RN e ) 10 52 335 358 ) L 5 £ B AR 4k
B SOASE A 55 28 A3 i 2 A e S (K AL TR) i o 0
PO L FE R B RE Sy B8 M T sk 1 ) a2 R

REATLRA WY T B A 1 A
PEREIE— 0 5 Al o 5C FR B DG 1 S, AT A F)
T At i A RO 12 R A AR R R A A

NG AR SO - 25 48 32 B O T o I 2 A
T HLAR I Ak 3 v OG g 1 0 TR B L S 4R AR S R K
PO S5 N 2 A T — RN (/N YD T 45 2
ARG (FATH HoAiw 4 TDL,, » 24 Minimum
Substructural Logic of Temporal Database). “#g /"
FEAE T W ARG R — DR T 505 BUE
N R IR D SRR (2 %) T A U
SEA T S8R RO T R BT Armstrong KLU fE
538 BB T8 SORBERY rhoxk I e M I 8] Jas M 15 A7 5k, Tl
TE /A V5 22 R I T %1 5 DT B 2 s 1 I 2 AL, R
IS PRAEIEAT AL B, ERAR T2 R E . X
BRG] 5L G Allen J5 35 R A7 X £2 (15
G I 25 A 980 BT ot 640 I TR A Ay £ e AR I 25 A T Y
WA b — AN S AR EEAL OG) B2k P [A].

2 BHAFRHEENRE

2.1 EBERESH5H

N 285 080 T v A 2 R E Y T AR R A RN IR AR
KB W ANE NS 3 Oy . e AR R IR
LT ATk — 25 Ry I 28 58 R e 2 R RN A B
0 I 2 A RO PR T il 5 B e R R Y
BT B A AR IR B 094 A 3 R I AE oR BUIK
S5ORIVAE 25 380 T W 5 1 5 1T o 285 2 3 ) AR A 0 BT A
S22 I A HOH 5 T A R A 58 A I 25 0GR T
Z RGUAVE J1 B Be SR i R R B OB 5T
A 3k — 25 A Sy A AR A A I 2 O AR AR

BT I 25 A 1) Y B B 2 8 T s, FRATT S 1 A
1Al ATE — A Al I HAE — 3R] AR
LAY 5L Il AR e AR A BRAL I A2 B A T
L 0f H 3R R R s (R B BB (Snapshot) F1 A [E] #;
(Timestamp) B IE R, U0F .

(1) Snapshot: ¢ (e, d.Workplace (x,c,d)) N\
-3¢ ,d". (@SWorkplace (x,¢" sd ) Ne #c'Nd #d)
(H e FIR company,d FE78 department).

(2) Timestamp: Jc, d,t.Workplace (¢, x5 c,d)
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d#d") (H ¢ /8 company,d Fxdepartment).
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£1 ARIEXZEZR Per_Co
Person_ID Person_Name Co_ID Company Department Time
A001 Lee C001 1IBM Account [2009, Now]
A002 Jack C002 Oracle Marketing [2009,2009]U[2011,Now ]
A002 Jack C003 Notel Account [2010, 2010]
A003 Tom C003 Notel 1T [2009, 2009]
A003 Tom C003 Notel Marketing [2010,2010]
A003 Tom C001 1IBM Account [2011, Now]
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2 Vec (W)W FIITA In] & T4 .1 Vec (W) =
{La1»sa,]lti<<ar<a,<t,}.
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m(Person_ID « Co_ID=> Department) = p(Person_1ID)
S O A W T R R

(1) & % Lee, #» (A001 « CO01 = Account) =
{[2009,Now ]} =p(A001) ,u(Person_ID «Co_ID=
Department) = g (Person_ID) {37, FF A Lee i &
HAF s

(2) %1 %F Jack, #(A002 + CO02 = Marketing) =
{[2009,2009],[2011, Now ]}, «(A002) = {[2009,
2009],[ 2011, Now ]} U {[2010,2010]} = {[ 2009,
20097,[ 2010, 20107, [ 2011, Now ]}, 2 (Person_1ID -«
Co_ID=> Department) = u(Person_ID) /A i 57, BT L)
Jack ANV 2 2451 s

(3) £ %F Tom,x(A003 « C003=1T) = {[ 2009,
2009 ]}, ¢ CA003) = {[ 2009, 2009 ]} U {[ 2010,
20107} U {[ 2011, Now ]} = {[ 2009, 2009 ], [ 2010,
20107, [2011, Now ]}, # (Person _ID « Co_ID =
Department) = u(Person_ID) A {57 . iif A Tom A~
T J2 551 5

() 25 b R R Lee, £ W) 45 1F
g,
Ja& P - S A I i) A e Sk ) O 2 (5 A SRR
(¢35 5 Ak B R G O AR SO AT R L T
FEORL MR T RECE S WE A, B8 EWMA
RO WAL BT 451 B B A A 3 1, AT SE PRk ik
T B S s b 2 L) Now i it KA /b
[ i, AT EEAEFR 1 P& if) Tom 7 2012 4,
2009 4E A1 2014 4F A FE IBM TAE, L br 2 g
A8 3% B ] & 5 7F ¢ (Person_ID « Co_ID) A7, 3
BT

(1) F X 2012 4, & 2 CA003 « C003) =
{[2010, 20107, [ 2011, Now ]}, 3f H 7 1F [ 2011,
Now Jf3 4 (contain) T [2012,2012]([2012,2012]€
Vec([2011,Now D)), i LLiR M1 45 3K true, Tom 7£
2012 4E7E IBM T4E;

(2) &FXF 2009 4F, % F Vo € p(A003 « C003) ,
[2009, 2009 ] & Vec (x), {H [ 2009, 2009 | €
Vec (1(A003)) , it LhiR [81 25 5 Sy false, Tom 7E 2009
AERNTE IBM TAE

(3) £F X 2014 48, X} F Vr € £(A003+ C003) ,
(2014, 2014 ] & Vec (x), A B [ 2014, 2014 ] &
Vec (n(A003)), Fr LR [0l 45 B & uncertain, B DA TG
B E Tom fF 2014 4F & 4E IBM T/E.

B X Now 18 SR Ia) #, 28 it — (1% 5 Jo 1k Ab 31

FEANHA 7 P 1) R, fHLJ2 i T 7 45 4 08 B 1) A 3 R O
S AN E VRS DA A A AL HL
3.1.2  RRAEUHHT

TEACEE SORBEB X I 285 F R R AT 2R 3K 0 M A
R [E ) e SR A e B M S L
p(Person_ID + Co_ID=> Department) 5 p(Person_ID)
TR [ WS LG 352 75 A B8 17 Person_ID « Co_ID=>
Department 52 B I 2550088 2 72 I 18] 29 30 7Y 68 51
K5 , Bl Person_ID « Co_ID=>;Department, [ [t i i3
Xof B R] i) g > A 4SS 18 11 K 5 i 55, e (Person_1D
Co_ID=> Department) 5 px(Person_ID) f H %5 55 R
DU A B[] A2 78 249 T g o RS M i B B
UEBH & B, FRATTEEIE B . TDL,., R GG 07 50 F
Armstrong bR #6AL I, fy ot o 8 P - 2 AL i
() A 1y Bt 5 25 DA b iR 1 SRS AR B A AR A T

FIB MRS G .
E N 5. Armstrong PR KR LI

WHXLRZBR R(A LA, A FE W2 &
U=AA, A XY ZWHREUMTHE.FER
1) BR B 4R L Armstrong HEFEALIN 40T

B At (Reflexivity), # YT X, ] X—Y;

B F (Augmentation). # X—Y, | XZ—=YZ;

f&38 B (Transitivity ). & X—=Y,Y—>Z, | X—Z.

#WAFEW] TDL,.. 5 Armstrong bR 4 i H1 I 24
MroeE X @RI A=>BH—1NEFFINES.
FE N A E—AM TDL,,, BRI 2] @ 24E U i
Wi JEa . A(p) = {p} H A(A « B) =2(A) UA(B).
P UE R 0 E P

T S(EMMEH). &b, A= Biff
ACA)—=A(B)#§ Armstrong 2 UK 850 ).

. ANZERARUEY LAY, 8 it Wean-
kening # M F1 Contraction #{ MW, & 111 5 WF 15,
TDL,..7# & Armtrong R £ AL 19 B S L 3
SRR, RAITFEIEHM A EA U A RE
5 UE B

AR A —>AB) 2T A AR E]L N AB) S
ACA . RIE A BYE LA (B A (A TFARL B
i Weakening LW . @ —p, A7 (A) =271 (B) . |
) FTDLmi“AjB- JEEE,

e Hb L Fo AT AT LA I B B A R A% 3 A, GE B
NS

PRI SR R A S A P R T RO e B A L R B
BT A A% O BE S T DLRE R M 2 R R
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SCEAHR ] 2 500 1 rh B as i EE 22 05 X
TR T R 51 i 258000 28 v i R B0
85 A A2 2 o B A A I R) 24 HRC 1 B0 AR 6

Armtrong #EFHE ]I 46 4555 6 1 . — 5 T ) k2
B RHCEE OB ALY 8 M - S - i [A] AR Bk S 5
B S8 R T & B S 5 — L, A
7SN UL T T TDL SR /N e /N
3.2 iHES#H
3.2.1 TDL,, B3 & 1k

TDL i 2 GEAE )52 B b R B 1 0 I ] Fr) 288
T 25 1 SR 58 JRONS I 25 5 5 BRAE Y S A
B RGN FME R KL P A EARA R
L B R FRIB RE J7 o T ELIS J2 AT ) 5 1Y L (15 2 4 R
G i [R) 52 2% B N P-time(O(n® ). AR BRIE B H )
E 15 I [A] A2 2R

WUEH] TDL,. & 582 7] F5E 1 . 8 Se Bk W H
ST Y EIY 8 B (Cut-free) , ARIE B U] F11 14 B,
FRATH] S K R G B 4 5y — FhOE 2 B0 LUAR g2 Y
CATEUAC ¢ 7 B 1 Weakening 5 Contraction
IR

DS AE L5 LN Weakening #1 Contraction
TR TEF MY A TREN .

iE BH.
(HOAN=>-
A=A B=B
A b A.pRANB=A ANB=BAL) .
ANB.,ANB=A B (Contraction) ut).
AANB=A B ontraction
(2)e=> A
AA,B%(Weakening) o )AB,BQ:GB (Weakening) .
S : 4-B=>0 i (AR)
AB=>AAB .
It

R FRATTAY R 48 P LA S AL B 3 A\ 73 E
M Cut 2504 L0 %) 22 %8 R 48 (AN fr s O H 3k
AT AIE RS Cut R0t 52 AT LAV BR 9.

N, p=>p dAD.

SERG R -

A=A I'A,lI=B
I',A,lI=B

AR -

rA=C
' ANB=>C

(Cut).

(AL);

r=A r==5
I'=ANAB

EX 6. PIRIEE. & d()RREBMAX 2 h
WP A . B d (2 e
d(x)+d(xy) + -+ d ). W —AS Y] E Y Ry
d(A)+d (D) +dUD+d(A) +d(B).

EE6IEINBREH. TERENIEEYE
w2 A D B AN 2 H U AR B R i)
FNWERAETE L R AF P A AT 68 . (1D 54580 ig
H S — A — 3 (2) D) E A DL — A 30 A )
RN ORTI R

iE B (43 5 FE L.

TEIE 1. A= A AT 524 5

I 2. DA II= B &/ PR 5201 5

THIE 3. UEW] A=A By — B A 5
A A W) A

TIE 4. IEM I A= B (R85 5 — 4 k38 b %
AHIAA P £

AR A R B U0 ED I R E B 2 T A A
B AY Lambek S AL, TATH ZIEH M LT
— P L.

THIE 5. VIFEI R RN RE 2 MEIAT A
W EEER A A=A NA". W R ) E

A:%A/A:?A7(AR)FH4%or/V),Hi43
A=A"NA" ' A'NA",lI=B
A= B

(AR).

. -17”) -

(AL

(Cut)

BN

A=>A"(or AV I',A'(or A", [I=B
I'A,II=B

BT U) ) L SR F A N

P 1~5, AU 77 TDL... RGH . V)
) B AT AR T BR A HEYE.

P vrE B AT UEM TDL, ARG LA A
75 FlE k.

EE7HEMEER. LRGSR GHE—
A~ Sequent . '= A, H 2 0] H € ).

. WA E A Sequent: "= A, FATA X
HOAE i — B A 1) B UE BB A B — A R
—EH. X T A B AR L AT CA L AT CA R) M
N GE R R Cat N BT BRD . B3R AT AT B
R [ ) ok A 38 A AR R ) — A B B — BR AT 7
B B 1) b R 25 BR L R AR I R A B —
UM B T R SR 0 [ 0 S e A G5 I R R
A 5. I Sequent: '=> A & 1A & /924 HAL Y

(Cut).
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L
&

MR — 2 CRBIE ] .
3.2.2 TDL..MITEE 7=

TDL.,... £ 55 1 i} 6] 52 2% & 4 P-time (O () ,
TR A A 1) B A Oy 2O R AT E A R 2
i AR SEUE W] — A~ 51 BLF— A HE TS

511 XVp € Ap, WEFAHD D [,
r=>Aiff @l I'= pi.

IE B .

WL 1. 3 A=pif . 2598 B AR

THIE 2. 2§ A=B «C i}

(1) Z£=45. 4 Weakening #LFI(+ L), B «C=
B HB «C=C,F#g Cut 0] ,'=B HI=C,¥iH
WIRK = p;;

) =2 XMVp. € AR I'= p, 54 55K
£ («R)F1 Contraction #L 0, 518 = A.

HIE 5.

111111

||||||

Aiff @ =
A A= p, 24 (Horn F/4)).

EXTCHMED. AmEGH=TdHG=
(Gn . RWA B, Horh Gn RRE 45 %A R
FoRE A A, — A 1 o E
Caiva )W, H a;va, € Gnow, EW R FE 50 F Y
BUE. G EMEEfia 86 MR N R PICRMITF] .
et Cay sas) s Cassas) sy (ay 1 sa,) s o a; =a H
a,=bswla.b) = [ wla a;), Ho (0<i<<j<n).
W4 1A% Ca s ) B (s d) J2 43 5 1Y (disjoint) 24 HAX
a0 g e, d) He,d) ¢ (asb).

Pt FRATAT IR P bk S, 4 38 TDL, (@)
(A T & R R

(DA Gn=VYp,€D.p, NWET AR

(2) MO ALTFHN W pre - p.=q K (g po)sees
(g p) MAE Rt HAUE N (g pr) = -
(gsp)=1/n. MK 2 f~.

Bl 2 TDLyw (0" ) I E 75

XA T o FE R P-time (1. B[R] 52 2% B R
OGn) . FREERIY S B I 25 800408 22 @ AT LAy H: o 20K
HE. LAR AT mEIE B TDL... & 40 50 @ 5 ik
B[] &2 % B

RIEHEIS 1, AGIE B Sequent: " = A fE A E N
KA D ZRAEHHAE AT IEMTE L € A~ XE @
LR EX Y €A D= p, AT R TDL,;, (@)
A B IFEER T

(D XF ¥ p, € A AR 5

() WE p.en. I =p, L BIR;

) WIR p, €T = p, 5 HAUYAAAEA T 5657
BB B (prvar) sy (prya) 1S a -,
a, €0 B w(pia)=10<i<n);

DR Ip. € ARFER 3 PR N T =
ATGEANNE S FAMHE: &M M =>A 7]
HE

BRI AMEEE Ptime W. A TFEET
PR ETE R (K A p € AT — R Na €
D) Gy FIH R BT ) & 2% BE R OGa®) L 3K A~ B[] 52 2%
JEXT T4 KR 4 B R G (RS RS B L kB
TSR SR UL, D2 AR W I g 1, gl
— 38 A B A I ) B R B O,

4 TDL,..5 Allen 75 i% iy 3 =

TDL i 22 58X I 18] 19 32 78 76 1 SCRERY o 52 B
117 7E /0 ¥ 3% 8 v 30 9 % I TR] 7 R 705 o DT B AIR 1 32
MAGW M $Em T B, X AR 25 A
WK B AT AN 3). 55 1 4 ML g g AR i 25
96 o A ST 2 0 SRR R IS AR X6 T S
PR 1 2 A iR b A %) i ) R A7 5 B B2 2 4
PEAT 355 2 20 A8 BT X 525 44 32 48 0 AR
TR P B (] 25 58 R0 Y B0 B S R A T R

TE5 2 B A b, e hn BRI S5 U S50 L 2
HR A 15 SCAE AN 28 0 2 o () i g 4 P B A O (E
(prz Tp—>Vec (W)) % I [8] 47 2 5 F FL 55 1T 3 46
15 AN R T AR o A T R B AT Y. 7E 3.1
AP R BATT S PR 5E TP A T s B

(1) Equals. | W7 95 /> B5F i) ] 555 48 02 5 464, 40
A ALTE — DAL IF HALTE — D& T AR i Y
L

(2) During and Contains. | W — -~ [8] 0] &
AR TP 7 A A I [ o T 3 A IR IR) ) A 5 S —
AN I o] B4 L WA 34 Tom £ 2012 4F,2009 4FFl
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Step 1:

— iy HH AR E’]ﬁ?‘tt’, P
Step 2:
AR T I I 2505
Uncertain
A HE A R
False

AN IS A

True

3 b I 2 A 0 i A

2014 4EJE 516 IBM AR 1 1.

Hy T I SO PR L 8 2 b SR P A 1 ] T AR
4 % B [\] (Branching Time) , 264 B [7] X B 75 #A i
P o PRI A ] o S R SCJ — NI 26 L 58 i bk P AR
AR R & 2% BE AR OGo). [R5 45 2 4 1 5€ AR
ER PR AR Y IR B2 2R 5 - O(T ) + 06,
O(To) R4 1 A MRy i ) 52 2 B L AL 48 i A
s 285 A 9 ) B[R] A 2% E

XM FATT 58 BUR DG A5 980 5 HE SRS, i
b SN TR AW P o 2 o | NN < v N 2 i e
— AN 52 2% BE Sy OGo) B I [] ] 5 AR GB35 T 1)
8] 5 2% BE O G SR A o I LS B A 22 360 £ 1 1]
SR PEALHLIRE T O(To) s ik J& — /> oy FR AR (9 45
WM T Equals #l During (Contains) i 2 4h, H
T i) i ek A A Y 0 2R R IO A R ) X ]
FoR 5 Wk ARG AN ) A 380 5 0 FRATT A RE 5E IR Y 18
"A

(1) Before and after;

(2) Overlaps and Overlapped-by;

(3) Meets and Met-by;

(4) Starts and Started-by;

(5) Finishes and Finished-by.

TS R AR 496 11 5 T X [ 322 4 AR (] X (] 5z 55
(1 Allen J5 35 J& 58 2% #2199, 1983 4 Allen 2
T 13 ME AR RBE  “before”, “after”, “during”,

“contains”, “overlaps”, “overlapped-by”, “meets”,

1 “ “

‘met-by 7, “starts”, “started-by”, “ finishes”,

“finished-by” #1“equals” , ¥ FF 7% 45 S 9 5 A F B
SEMET TSQL2 -7,

t t,
Before (1,,1,) ———— —2— After (4,, )

During (1, t,) ‘) Contains (1,, £,)
= ]
tl
—_—
Overlaps (1,,¢,) L Overlapped-by (#,, ¢,)
—_
Meets (¢, t,) )#+t—f¢ Met-by (1, t,)
0y
Starts (¢, t,) L, Started-by (1,, £,)
P
{l
Finishes (7, t,) I Finished-by (,,¢)
2 |
—
Equals (1,,1,) . Equals (,,1,)
2

Bl 4 Allen Jrik ) 13 i 2% X W] i3 5.

XA AR A3 TDL,. 3 48 2 A 558 (19 35 38
PR HTHT S, B5E. HUR AR5 T Armstrong pR
AN QAN o v DI A P
ST (1] £ (9 WA 5 3 D Bl ey i SORE TR 25
R PEAT R IE MR O ik PR A T A B S
U HAE A 2 5 P S8 1 IR A 2 L R AR T2
ARG IS ATl %2 R R AT R IR S
Bz 5 B ) 2 2R FE S P-time (O () 1Y - i HL 36
RE 58 A 0 o MEAE I s B )5, TDL, REERE 5 & ML i
B A8 B4l PR 2 i 3E 5 TSQL2 A7 % 5%, DE it 48 4
A 2556 R 58 Allen J7 3% . T [R] s AH B B9 5 360 i
[F1) 2 2% 8 1323 T A% 8 A I 28 A ) I ) 52 2R B L AR
O(Te)+00).
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Background

Logic is an important method of knowledge representa-
tion, but because of the complexity of the cross application in
tense and temporal attributes knowledge. it has been
disappointing on the temporal database support.

In the fields of temporal knowledge presentation,
axiomatic systems and proof method for temporal logic have
found so far relatively few applications in the inference
modeling of temporal database in 1994 by Gabbay. Thus.
non-axiomatic temporal logics are used in temporal inference
nowadays. But because of run short of intuitionist and axio-
matic style’s restriction, non-axiomatic system does not be
used in knowledge inference. On the other hand, in 1983,
Allen established one kind of interval-based temporal logic
with thirteen temporal calculus, which now be used in
TSQL2. But Allen’s method can only explain algorithm of
time, it could not reflect from time to attribute, so it could
not be used in attributes’ inference too. Furthermore, there
are still many open problems in research of temporal
database, such as uncertain semantics of Now in temporal
querying and inference.

Based these, we put forward a minimum substructuaral
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research interests include procession of temporal information.

TENG Shao-Hua, born in 1962, Ph. D. , professor. His
research interests include network security, data mining,
cooperative computing.

LIN Zhe, born in 1983, Ph. D. candidate. His research
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logic(TDL,,,)» which is aimed at the critical area of research
fields of temporality inference, temporality operating, tem-
poral relational algebra and functional dependency of temporal
database and its information processing. As substructural
logic and its universal algebra model are logical tools, tempo-
ral knowledge is represented only in the semantics model of
TDL,i, » and the syntactic logic has been deprived in presen-
tation of temporality, which is cut down the complexity of
logic system so that TDL,;, is P-time and its time complexity
is only O (n*). Moreover the syntactic logic of TDL.;, is
properly equal to the Armstrong Rules of functional depend-
ency of traditional database, while the semantics model can
build up a method corresponding to Allets Method of tradi-
tional temporal query, which led to the time cost of temporal
query is equal to traditional query without temporality plusing
a linear time whose complexity is only O(n).
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