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Concurrence Lambek calculus and its categorical grammar
in temporal querying languages
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(1. Department of Computer Science, Sun Yat-sen University, Guangzhou 510275, China; 2. Department of Maths, Sun Yat-sen Uni-
versity, Guangzhou 510275, China; 3. College of Educational Information Technology, South China Normal University, Guangzhou
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Abstract: Axiomatic systems and proof methods for temporal logic have so far found relatively few applications in
querying language modeling of temporal databases because the standard temporal logic is not recursively axiomatiz-
able. As a result, temporal logic can not use axiomatic systems and proof methods to religiously depict inference
and querying of a temporal database. Thus it is necessary to find a replacement for temporal logie which, by axio-
matic methods, can become the implement of a syntactic and semantic analysis of temporal querying languages. The
Lambek calculus and its categorical grammar as the former and h-calculus as the latter have become those substi-
tutes in this paper, because of the properties of type theory, the comparability between SQL and state sentence, the
axiomatic and proof methods of Lambek caleulus and A-calculus ,and their correspondence by Curry-Howard Isomor-
phism. So, according to the operations of temporality, we built a new axiomatic system used in syntactic analysis
which is called concurrence Lambek calculus (Ley, ), and use its categorial grammar to deal with the temporal que-
rying language. Prof theory shows that for protection of computable resources, Ly, is more regorous and ideal.
Keywords: temporal querying language ; syntactic analysis; concurrence Lambek calculus; categorial grammars
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FBIRAALE, Bt E R A B R EAEBIE A
FETHSEEFEERET W HES TGS
B RAEEAELTE RALBIT TAEFRE SR A48
AR AL R RIAF R R ARKIE
BRI k0 B TR P 4 B A 2 ) Dy T A
WBHZIE. Bk, B AT HSEREEAEEN
BEZRAREAELR, TIEHERS5E, X Tit
BHERERAR—IAR. R, BMER 254
it ETEATEE L, £2REOA BN GEZB AR
MAEENSERER. TRREETHRMEIERE
EAAART RO 250l RIB T MR,
SRS R i TR B AT & E A A
B PHNESGER T A T F b weakening)  tH
(contraction ) 132344t (exchange ) S E5HIHM' , T
R EEEH AL B0 T IR A 4038, i A E T SQL
LR HEEBNESE. BIE XAt R | L, ERsS
RN SFEE RN SRR AR R ASEL”
IR, A BN TR L RRA S

W &ZR T USHSEAETARR, F22E
AR T W R, AR IR AT
ARXTE (E] AL RS TFAR K SLH. Bk, B BUURS &2
BN SEWET T R AL B UH Wb IRRBE T
MG SR NEXAZEEEE, HREH
FHSERIES KAk trRE LA ¢t %
BRI SZRE NN SEWE T TRABRAE
AR TR ML Lambek 8 A0 BTE
BEESRE " AHERTE AT TR -
BB HESEE SR RER R NAR,
IR R HTT A, BEAG AN AR R A B 4
AR R 45M4eR SQL S, B TH
5 BRIET KRR R FEARL, B 35 TALTRER
A BT TR NP-55 £ Lambek JH™
RHABFHE LRG| AN SOL &5 Ak a2
L. TN TEHER RAL—H) Lambek J{E 72
ERERAEAE A RIFHHER, BB K
EREATEIEN & S . B AR 3IE
DIEALHRBITE \- T8, A R B0
RIERHE, 0 RARFIE L, R H TR A T
TREZEH— K, Lambek A5 M-HE < 6] 7] LLiE
13 Curey-Howard 3t B EIS H #5640 , (18I
BT B O e E . BN, EE
F5_L Lambek R MAHXLAZR AL L M- HAH
YRR ERAZIE LM (semantic web) ' 4

#ERRFE (dataflow programming ) FIEHISHH715 B
BRE- & ATHHEER /AR HTANE U T
b XU T HRA R AT E, B EME L.

G, M Lambek JE5 Y &, Z55 B SR, 18
BT H AZH Lambek {HH (L, ) R HAR R BB E
B, AR DA RGN EMN ST WIES VE
BT AR . AR TR WL R R R 4 5F
FHEZP L EHIE FE [ /4 TempDB PREEH G 42
Frat | TR RN S AT A 3B A AL
RAEKE—F. BT Lambek EE 5 \-THE B0 B
%, DS A R IR A TAE, A BB TAE
HREE AT SERRGE X arhr TAE.

1 RA R

RS ERT , LR ITIIN RN R A
EXRBE. (e HARAER T R —, WA
PEETHI T ATAS RR A (X BR E T 48R
TSR REE, BEETR M, RS T 58
FRIBH ML, LA R Lambok W FZET
YA BTALTAT A5 R MR 2536 R B2 TRy, 7T
BAHTIT -

1) R PR AR B SHE

2) R AR ALAE AT A Y (SR N
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A5 S A 5

3) RS FEE I BHAR, BN

) BBRREHA AR SR, BRI
REHR BT, BRI L RERA S
SEHOAERRI R, TTERA IS
HTATBHRRIEH.
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“HR IR,
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he). THERIFR 1 FE—RERHT.
®1 ARTHEREZ
Table 1 Personnel employment Record

Works

Valid Name Company
[1997, 2001 ] John DEC
[2003, forever] John HP
[1999, 2005] Marry HP

[2005, forever] Marry Microsoft

ER1FP FEZAEARIINARBE,Z
BB TAR:

Select rl. Name

from works 11, works 12

where rl. Name = 12. Name

and Valid (rl) meets Valid (12)

R H Valid (r1)F) Valid (2) TR AHEE, X
ZETH SE NS LIES (ATSQL2) Ml TempDB
BB M hetE B, Valid (1) #1 Valid
(2) BB HIN: a—1 M1 — o, H o ORI
27, o FORBHAA, BHASA R Y B 28R IR 5
F. meets 2 Allen 2K 13 N ESXEEE =
—¥1 R ATSQL2 MEM M EEH. EXEEKN
KBH el (a— (s—a)) | ¢, HF 2 HRFRITE
R ia— (s—a) RAXRRBERE MTHER
RIZE TR ,2 #RR R ZAL TR

AR R BARRRED R, B4
MEE RS, 8 A&k 288. 4R, FEE A 178
FIARIAFFR R BAE T, B Ed fF sk
ST, AT A L Y Lambek {HH R&, EE R
Ju3f % B Lambek R RS, BP Loy, WHE RS (Lam-
bek caculus with concurrence for temporal querying ).
FET R, SEHE Loy B REHAAXER, HRIG
WE R T .

2 LagBE AR

2.1 HBS5ARKERS
Lo RAARISH B R 72 p, \p, -+ FH B, BT
FRTFRUNESTORNN T, BRHFIEER)
NZICHEREN - . — L AL
EABET,. LoRARNEIBL I HA &4
ZEAERABENAREEREN TR
N A

.

XHkA Y,A,Z}B
Y,X,Z B
XHA+B YABZIHC

Y,X,Z B
XHA XEB, .
XH4A-B (- D)
XHA YHA—B
X,Y|B
AX|B
XraoB s
XHFA+—B YI}B
X,YHA
i,A_Ii@_I).
XFB—4 ;
XFA+—B YFRIC
X,YHA-C
XHAIB YFB—C,, ..
X,YFA: C (E);

XH4 X|B (.

XFAl B

BRC1UE) (1 E) (| 1) 3 &S, HAamm
2% Lambek A L RAR 2FFAN, BN HH
JRLZRE. (1 ). (1 E) (1 D)3 Z&ARRHH
BINEERA” MAKHEZMZIARN. EHE
B, (1 E') AEHEERN, (| E) HEHER
W, (1) A5

BN 1 MREF I — A¥E Loy BB J R
S0, MBI by A
2.2 KRR

5% Lambek HE K L RAEKXFAM, Ly R
Gi ARt KT AR 3K (residuated algebra) AU
Mt T Lero R4 I T 422 3 ( residuated semigroup ) 1
gz B (residuated operation ) #AHRA0T.

EN2 L IRFERNSHAM = (M, -,
— |, =), R, ) RI TR, < ZME
RFRR,H—. —. | M WS, X5
Ha,b,e,d e MBRUTRER:

DNbsa—rec if a-b<se il assceb;

2)asble il (asb&asc);

Navb-(cld)=sa'd il (b=sc&e=<bd);

N{alb)c—wd=<sa-dill (hbse&c=bh)

Leng REH V] RAERFREE AT

EX3 Lo RAKREARE N —F3 (M,
W) S MR 1 DRIRER o M ERRRRE.
WR p (A1) » o v u(A,) < u(A), WFEF A,

(Cut);

(- E);

(—E);

(—E);

(1 E);
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A, FAFEBBIRRERN. MR A, A, HAEFREF
(M,u) TR, N EERE P RAYE.

fE AR BN TR RE, WARIERGZR
F IS5 2, e AT IER .

EE(AREEE) Lo EEREXRTERSR
HFHRR (M,u) AFTEER.

BB TSR 2, R R B e AR A o p A
(1 E (1 ') (1 T) TSR, ER 4 R R L &
B HIEBAFRARIRE X 2 #H7, e B R

EFE2(ZEHEE) Lo HmEREXRTESR
EFRA (M,u) RSE2K.

CHR[9-10] 41 TR F &8 Lambek A K
SEEHEIERA. BN Loy REGRTELE M Lambek 5
BINT 1 B AF AR, BT LA R |7 )
stk J ik, 3 B A2 Buszkowski f¥ product-free
FORERA J7 1, HLUE BA 7 $E 246 ol T L FE A 2 30T B
Fik BUE T .

BRE—MFIX, H4,,4 S FREFFIPIAE
ARHTFARES. BR.SR—ITHEE,S LIE
BN ST WTE. B LBE o 00T TR

p(p) = { X e 8" X by ph.
FEIMEAKE:

W(d) = (XS X hdl (1)
L, RREIE A = Bl C E5R, KA ER AT
B RSCHR[3].

i w(BIC) = (X eS:Xh, BICH

1) E=H.

W Xe (Bl C),FFLL Xe u(B) Nu(C),FrP
Xe p(B) HXepn(C) BRFRE, X FBEX C,
FRLAB (1 D) ,X FBI C.

2)E=E.

WXFBI C,BX B H X |FC, AR,
Xeu(B) Nu(C), BrLhXe u(B) N u(C).

BE,WBIC) ={XeS X, Bl C}I#H
LB u(4) = (T < §'oX by A} BiE.

FUHGEA L, JERERENT N T 4, B
HK(1).X ¢ pnll), XEHR X, FX,, B#ELA0),
X, ep(Xy) Blbp(X,) € p(A) Bl I'i#4,. 8
SE2tE AL
Uy L TPV S
3.1 Leq JERGIBIE

L, AT L WEBFIEE, FI HRRNEE 528
g W SRBHREHITHE. BE HEGBR

TRNEATEEE, FlinFOR A R ., RRRBHER
o 2580, ORI A s BB FORBUB R f 24
RUEE, P, Lo FEBFE IR HRE LA T

EX4 FBFESEX

£46 BRAESTEHRES. CAT( B ) H—&/h
£®.415

1) B CCAT( B);

2)iBR A, B €CAT( B),A+—B CAT(B);

3)3MER A, B €CAT(B),JA—B CAT (B);

B A B eCAT( B ), A-B CAT( B);

5)INB A,B eCAT( B), Al B eCAT( B).

EX S Loy EBREERE X

HETFHRS. — T L THEE CR1T=7T
# < B ,LEX, S > . HF554 B g Xk, LEX 2
3" xCAT(B) E—TAFFRER, S CAT(B)H
— M HETE(RILFHEE).

KB EHEBETEXT.

EX6 G =<B,LEX, S >RBFEBEI LK
14 Lo B WX a e L(G) il 7 ay,,
a, €3 A, ,A, € CAT(B),H S8 {#5

1) @ = a;--a,;

2R ifF81 <i<n, <a,,4;, > € LEX,
H I_A1 ,"',A,. = 5.

3.2 WLREAESW

ZFE I, B Lo WBEIER, WSS 1 HHFrh

HZERESCANL R (LEX) , 41 5R 2 BTk,

#2 WLE
Tabel 2 Lexicon{ LEX)
W *® B R R
Seleet (n—s5)+—a SHEARE
rl. Name a BT
r2. Name a B AR
from (s—s5) —f Ar-inj2 Al
TR WNEREE NS, B
Vo TRIT empmpmy s
rl,r2 f Fk B
Where,and (s—5) s AR
Valid (rl) G+t B 7% B 2R A
Valid (12) t—a B e J 2 B
Meets| (@ > (s—a)) | ¢ i) prrp vy - R 2]
f= (<5 by LiE i
= a— (s—a) BR AR
System n ROARAER

X, RIAICRA KR B R R EEREE
%t BRI E R AL IR AR R SR BN SQL 5 it
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FTALIE R AN AR IR R R A AE i 28 AN |
BRREBRURRFABRE. I THENTRALR,

21 PHTFRERETNERINT.
System
Select rl. Name
from works r1, works 12
where rl. Name = 12. Name
and Valid (rl) meets Valid (12)
ERARBRBEERAFIUT .

1) “System” : RN, 28 K n

2)“Select rl. Name” 2B K. ((n—s)
a) *aln—s;

3) “from works rl, works 27 2SR JE B N,
((sos) =f) » ({=f) N - U=>U+<N) -
((f=H N Fs—s;

4) “whererl. Name = 2. Name” JSRUJE R N,
((s—s)+—s)-a-

5)“and Valid (11) meets Valid (12) " ZRIHE
He((s > s) «—3s) » (a—1) (1] (a—
(s+—a))l ) (1—a) Fs—s;

6) A RARRER . n (n—s) - (s—s)
(s—s) - (s—s) b=

1B Lo HE, Dad/mA gy A0 I R A BB TR
KILFFRA s FRAESTRE S LH 52 IEHR
Z5R. X FAFFEHERME I, MRS L IL AT
RA s X RH AT SRR

4 GEHRBER

XHFHREHSEHNEE TR RANSENE
RGBT Lambek |5, EHERN ERNT H ZZE
A 17 FARSHUN , 37 B REFRH Lo R FE
£ RERG T RN T ¥ 4E4R (contraction) , 41F
B

{a—(s+—a)) *afs—rs;

X,A, AY B
X, A Y}B

W ZEEIR "5 ERERA A7 FH.
AR AERBNE, BvRRBesie, #8e—
TEEHBEANES RRRER 1 K RIET AR
WENASARRER S . Fi, REH TRARLA
W ( weakening) , 40 F B 7R «

X, Y|B

X, A, YFB
HRE—TEENEREECEME 1R XN

( contraction) ,

{ weakening) ,

—REEEA WA, XBA BRI Z8 RE
A PR BURIE R ( resource-sensitive) 7, R4S
B5RANFRE R BXHE—R”, HETH
HHERFERRSR, B ETRIES PR3 2N
. Bk, AL ERY bR B Loy BB A Loy
BFE R REE A TR SE AE T RS A
MBS b, B THE MR RRE, WER AR
BHTEMSEE.

5 H#xiE

B TSR RHTETFTFENA A7,
BIASHE T SR, 4% i B2, CERE T
RH) Lambek {5, LA T K AT SEHERISE 24, 738
WEPHST T HRSERE. XHREKHF R Lam-
bek #H (L) , AMIEBAR A |, RIE T 715 3T
B, 8% TARAIREFNE, FRARE N ENST
#F ET - TES B ETBIFR R NE Lo
MR R RE XA, REFBRAET
Curry-Howard % B BE RIS BRE - RBE B ORE
FoRBERNE IRR W ARRE SGHT AT, R R
B RPE HEFE TempDB 317 Wik
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