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Abstract: Temporal reasoning is an important research direction of Artificial Intelligence ( Al). Disjunc-
tive temporal problem (DTP) is an expressive quantitative temporal model which is widely used in auto-
mated planning and scheduling and is therefore being well studied. The definition of weak implication and
weakly evolutional disjunctive temporal network ( WEDTN) is proposed. Based on the WEDTN structure
a visual DTP solver TRSE is designed. The demonstration reveals that the visualization based on WEDTN
better facilitates the understanding and discovery of DTP solving algorithm and the impact of structural in-
formation on that than usual search tree based visualization.

Key words: artificial intelligence ; temporal reasoning; disjunctive temporal problem (DTP) ; constraint

satisfaction problem (CSP) ; weakly evolutional disjunctive temporal network ( WEDTN)

ANTEREME (BFR A3 MR automated 55 BEAE M RSB ]l ) s 2R BE MR BORWESE
planning) JE AT AEGUR—DEEMPIR T,  MRA, XSEHBLBEA LR flin, 3
UL RE ML AR T LA AR R, e SO Sh YRS TS S BRI R R, AR A
SIPERIBCREBE R, RS, el WE  —EMRFEENE; 755, SRR A MR R IEA—
W, SOl A A (SIEBA RREEmD) , 55 EARRHESIE IR T BT, IR SR A CR B

« IR EHEE: 2013 -07 -02
E€UH: EXRARBFEEEEYIE (61272067, 41172028); | RAHUETRHLAIF# BT E (2012KJCX0097) ;
MM AR RIS BT (iR 2012 (14) 5); J7RE BREEHBFRFTHIT H (S2012030006242)
EERI: X8 (1979 44), 5; MIRAE: HSIR 5HEME . B 5HE; E-mail: ycliu@ jyu. edu. cn



5 6 19

PUTELES SRR AT PO B HE i e a RS B S: ) 39

A—EH R AETEIETE R Z I . 540, REpPIih
AR H A A nT AR AR (] B X wiiR g%
AR AT LA AR ARSI TR BN, T H bRl 2 []
WATLAIA IR B R (IS B, F4%.
A, 5IABFHITER I8 AT AR 2 MRS 4 7 ik — 25
A, gL SN SRR AR (2 25 g
RERLRI XS i RN SRR R A 4E 2 B AT iy ™
Y, HrEUET 25 [A) 58 ( Disjunctive Temporal Problem,
DTP) /& Kostas Stergiou #l1 Manolis Koubarakis 4 H}
(YL e ) A7 1 2 B B SRR () DTP A
Ik SRR ) o SRS A S TT DA R o B i)
DORAMER BT (I ASHERL) BBk, XAEF
9 v A A ) R MR S A
DTP [t LIk, WFE & BhiZede it 17 DTP K
B (AR R DTP Sk | LT v % 4 1Y
SAT 51:°) | BT IME R I H &R B AR, L
Je DTP [l & (anzhas DTP | 36T 1
DTP™ | ZH ik DTP” ) . DTP & i) # ik Jy Al
LIV T35 AT B BB 2 TR, R[]
WEFRZE 2 N LR s (AN LR EE) B
B 5L TIHRSE DTP 38 SCiEA: .

BT S5 M (5 B AE DTP [a] UK g b i 24k
TE A BB 25 M 2% ( Disjunctive Temporal Network ,
DTN) " it L, ASSCHR T DTP 5525 St s
AL B BB 25 B 4% ( Weakly Evolutional DTN,
WEDTN) , it 75T WEDTN [ a]#i4k DTP K f#
#5 TRSE ( Temporal Reasoning Solution Environ-
ment) . RGN LIE H, 5 AT RN
AT ALK i RGEAR], 3T WEDTN ) DTP 3K fi
i PO A A T AT E UL T i DTP 1) 4544 R AR
S SRS R

ARSCHLIT . 55 1 958 o A B A
S5 552 15448 DTP [ K fifk 1) BE A 5532 & TRSE
Rotvcits %3 WRRGHRE: S 4 A
KA A TAE

1 [l X

EX 1 —Afj B 2R ( Simple Temporal
Problem, STP) " & —A~ =504 < X, C >, Hrh.

X= {u;, 2, =, x,,,% RAB S EFES; C=
{cl ’ 027 ) cm} %ﬁ‘%‘ﬁj‘ﬁé{];ﬁ%%’ /l\ ci IEE

B x, —x,<c (%, x,€X, cel) ) .
Hi e LR AT, — A~ STP 5 —ANfir 5 748 i 3 X

TEREOR 2T 2 )8 ( Constraint Satisfaction

Problem, CSP) JZSF4 Y. 1EAN CSP AT LI 95

IR R, STP o AT LU T 25 24 R I 28 5k 3%
N, S HEAGE

EX2 HE—NSIP <X, C>, HiHRHZS
Rz E— A bs s <V, E, W>, H. vV
= {y,l x,eXl, E= {<v,v>| x5 -x<ce
Ch, WR—MEKREW: E-Z, i1 £5«
—x<ceCWW (<v,v>) =c,

EX 3 — U S R EUE—A " IJu P =
<X’C>7 :/H\:EP: X: {xl’x29 "',xn} IEI‘I‘:—/I\ﬂjAX\

wESG; C= {C,, C,, -, C,| B—MARES,
A C — M ¢y Ve, Voo Ve, BB (&
WERTA]) , ATLARAR AR S fey, ey ooy et
HA iy e 2 — MU «, — v, <c BT I 200R
(x,, x,eX; x,,

EX 4 ZE—PHBEESRE P = <X, C>,
BRI A O S R 4% & — LT N = <V
(N), E (N), L, W, PR] >, Hh. V (N) =
, oot BIEES: E(N) = | <y,
v, k,w>1lv, v,eV (N), keL, weW} E—1
Wi ks L= 1kl C e Cl E—PHIr9%
G WERAIHEMFSES; PRI ZEAWG KA,
f§i15: PRJ (x,) =wv, (x,eX), PRJ (¢, =x;, —x;
<c) =<v,v, k,c>,

1 DTN f95€ LT LA i, —4> DTN S2pr FJ2
—MAm, ZERSE,

xv’ CEZ)O

(v, vy, oo

MRL SE—1DIP= <X, C>, Hip: X
= %xl’xZ’”"xn},C: {CI’CZ5”" Cm}’P

B8, YHACYHFE -8 STP, <X,
C’ > (C = e ,cp, e, t,c,eC)y XFEH
STP 38 # FR AT B 25 () U g STP,

K1 g5 T DTP K H: DTN fRfpl

Cox;—x<1 v x,—x,<5
Cix=x,<1 v x,~x;<9
Cyixy=x,<=3 v x;—x,<-3
Cyixgx;<1 v x,—x,<2

(a)

K1 DTP J DTN /R4
Fig. 1 DTP and DTN

M2 HEDIPP=<X, C>FP =
<X, C >, P sEE P, MEX=X" | C
cC, HP Z—FH=P &—H., DTN Z[a]{
ST RREM T ENHHN) DTP (5524 % R R .



40 HIlRA R AR (ASRBERR)

552 4%

EXS %HE— MWk DIN, N, Ff5—4
DTN, N,, N, & N, X T i1 e 1955 5 & DTN
( Weakly Evolutional DTN, WEDTN) , IS N, = N,
= {e’ I Ny(L) (e’ ) =N, (L) (e) { H N, 35257% Nyo

&l 2 2557k DTN PR S

Ny ooy Ny s NJEFFENAY

K2 55iEf DTN
Fig.2 Weakly evolutional DTN

$i AL DTN S2ps |5 %6 T 7E Rt 2 DIN
Wt A i MR Y R A 7 0o D 78 kR B (R AL JE DTN v
MBS A e o I, DTP SR ] 8AE
FHR— AR DTN (4557 46 DTN By f STP iy 1d
o
2 REMARGUT
2.1 DIP —HMHERE

MWPEER 1, —4> DTP 2 2—2ul, TR
PR AR IR A A STP OROR g E I AT 5 45 i
A AR —A> CSP: 43X BT DTP o i)
AHTICATER, TS A B R B R Y
B AR (R ERI S 29 00) 5 1 24 SR U 245K f
A AR LA i — > — B0 o) S 2 Ta] L (D
fift STP) .

13 4t 1% CSP RS IL M KRS ™
ZRERR R - AR (5 2 17) il
{H, A AT S 2w % — 2 (58 4 47) W)
AT (5 17) 5 e fE.

procedure NaiveDTP
Input: DTP P=<X, C>, A—partial solution, U—unassigned meta-variables
Output: complete solution, or failure

1. if U=® then return 4;
2. Cy=select_var(P, 4, U);
3. for every ¢; € Dom(C,)

4. if consistent(4 U {C,=c,;}) then

5. result=NaiveDTP(P, AU {C\=c.;}, U-{C\});
6. if result=failure then continue;

7. else return result;

8. return failure;

K3 DTPRAFERFL
Fig. 3 Search algorithm for DTP solution

2.2 B%&3 (Heuristics) A

DTP (K fif 5 CSP By fig—HE, SEBRIH
WO AR ] — 285 A AR, 75 I i 8 B R AR A
TRl YR F ST SCHR b 4 AR i DTP f9 15 %
KPR F AR AR, DT R EA = HE
Fo o 1SR BRSO AR 3 B T A A 4
AL BTN R (EIEFERIESE, DU X %
FORHA DA E R EAN 4
2.2.1 # @& (Forward Check, FC)  Hij[m i
BRARMZO BT EIEZ AT, BN
R MR T A% Ht Y SRR W B0 2 55 2 i o o i AN
—HIT . XFPEARRIE AT AT LTEHAT T —
A HTE e R BHE KA SE . (SRR w46 2
RN TOAR T BB O 25 ), DA AT LABE R
M1, ST T — 4k
2.2.2 @& Y # 414 (Minimal Remaining Values,
MRV) /DR AR (H R0 0 E 2B T 722
AT AR (FC_ DTP HfY select_ var pRZET)
HEAT S A, PUo AR L HA i ik
JCIHIYICE i, MRV W & — b5 i (Y 2 T
M (FF) ™ JRONES 28 e o . 5
[l K 2 ORI A I, T oos & i U E St
RN HAT AW A2, Pt MRV 528 T 3)
SR EEFERE, LRIEY] FC 5 MRV B4 &
HAT BBk Re 1
2.2.3 EN A %9 (Semantic Branching, SB)
T SO BOR A DTP SR Hh i — > BT A RE ) AR
SRIVIE R RXEAR . BWRZC B TEEREAE
RIERE R A, H— A (¢ v —y<c) 2%
UG EA e, R IR e
B e, MRIEIZASE R TE L, 782 H DTP #l
BN, x—y<c ARERE ~ (v-y<c) B«
—y>c HH, {EREARERE A EEIEL A ¥
—a< —c-1NHE, Hy-v<-c-1 BAHINAZ
TR A Hh R IR L AR AL R AN 20U It ) R —
v, JPRAT B TR BTAL
2.2.4 #HBKEZFHBRIEAK (Removal of Sub-
sumed Values, RSV) M i 5 #5 BR B R 19 2L
R RCY AT 0% STP R B I b, A x, y
Z AR A distance (x, y) =c, URXSTH
MARMERTE R C, B h B A — gt
flc,: y-x<sc HA cesc’, WER C, BixfF STP
PITWes BEE Al B e y —a<<e” TRIEZE C, T
AN EEHAT— B A E e (it
Bfey: y—xsse” PS5 4 B B A AR Av]



5 6 19

PUTELES SRR AT PO B HE i e a RS B S: ) 41

Ak, e 5 SRS STP AR & —301) .
2.2.5 ATt X FAEk4FR% (Topology-
based Variable/Value Ordering, TVO) TVO #y 3

AR M DTN it a2 i sh R R 8, 1l
WM A RE, TR SRR AR RS

R ZZ R SE” (Fail-First) 5], {5
TEFERAR L v 58 2 B R 1Y 748 1 Fl i 58 R A /N Y
(B HARIAIAE AL BE R FEOR G, SCHIER] TVO L
MRV A5 SR B BCRES
2.3 Rt

TRSE ZGEZEMUNE 4 iR, Hrp: Seript &
P F B DTP [l R BIAS o i IAAS 1 388 25 3%
SRy Model (HEAR) B, AR pIn] ) N BB
Model 3 0] (= B 7035 Engine F1 Visulisation
RRAZH., 58U R SRR B il AL . LATR 3-531) B
RAAEIR BT

K4 TRSE RGAHY
Fig. 4 TRSE architecture

2.3.1 @K (Model) #=7|% (Engine) A3 ¥
DTP [a] 35 75 CSP By HE ZE T SR fiff f5c K 0 p 4 2
AT LAGE R B4 1 CSP 58 858 07 1 2 DTP 11
Kb Hk, BB LTS 9 CSP SR i HE 2 BE
P REASK A S HTE T, & TR, T
BFXAH Y, A Gecode 11 Sy HAF FISK it
g% Gecode 2 Hil B 5l T 24 % Christian Schul-
te JPRAITHL, e, WM. B A%EY
FHTIF I B T 29 o 2R 58 S vy FH 1) 3 35 249 SRR fie HE
28, e DB R A ROR R . K
5 JE/R T Gecode Y RGEHEM'

M Gecode ZRAG LI 0] WL, BR T #2 AL & X
MR LR R AR 5 (R, Sl ERRAL) KA
KR, Gecode WA T HF 1 A& LA (Pro-
gramming) DJRE, {FHIF A LIARYE A C 9 255 H]
FGUR ) 24 SR A2 ) R AT RAE AR, X DTP 1)
A2 Sl R AR L AR R
Kodn . MERIVES AT HE LR, T AR

@exS— H  H _h —H
ik 0 0 T
sk | s || s [| oo || s || e

s | g || g || sk | sk Jlrzmgrz s I

c—————|_J

g B
N

iz
Jze [EEELR |
k= |

—_—— [

K5 Gecode RGrZEH
Fig.5 Gecode architecture

BRI Z R RIE R T7 20, XFE—> DTP, Gecode
RS I 2R A B T ik, TEAR RS, TR
DL, FRATATY SR 7 ] #E B B R A B, ] Map
G/ LAY SRS S CIERSE i INA I G NP A A P
EH

MRAEX —284, 16 TRSE Rt TNy
IR, Al

1) 43#% (Brancher) W,

R LA b0 B A9 3 e R 20 A, ey
MRV F1 TVO F3 5 7] LA AR ) 70 B a0 3 [ B
Al RS B HLIERE T, RGPt 7 =Rk
#%: BaseBrancher, MRVBrancher, TVOBrancher,
M B, X HRAY, BRI
FOR AT B, HARRI AT th—Fh B

HE5 K 6.,

brancher

BaseBrancher

K6 Irhidmeistit

Fig. 6 Brancher classes design

2) f&4%k4% (Propagator) .

1E Gecode HEZEFR, L 55 4% n] LIXE P Fh o0 % 2
ik —FORAH, DUAIE 2 a0 (4 0k 8 19— 5
P MR AR, DI TR, A
R vcit 17 LT AL #E #% . FWPropgat/ DPCPropgat/
PC3Propgat & 55— MiLaas . FH LU 24 1iy 7 o it
STP fl—Eetk (43545 FloydWarshall 53, DPC
B PCHEE), XEAH ENE A
iz 17 & fE Al; FCPropgat/RSVPropgat/ SBPropgat
ST PGB A, 0k TR T AR B =R k=X
R A AL . BRI RS . 1 LB, = A
T 5 AT DATE 240 VR SR A i AT 58 30 50 75 7 oK i vh L
Mo fREas it aniE 7 B o



42 R E e (HARBHERR)

552 4%

e e e e e e e e e e e e e e e e e e e e e e e e e e ey

I I
: propogator |

I
| I
: FCPropgat RSVPropgat SBPropgat :
I I
I I
: FWPropgat DPCPropgat PC3Propgat :
I

K7 fefkddesit
Fig.7 Propagator class design

@ 5% 44 (Engine programming )

AL SR A AL, FIH] Gecode fi4 15
LT C AR A R 2R AT ROR R SV A
TRSE H, WJRAL RIS R IR 5| i is 17 1 72
DMERE SR it 72 (22 R R ) STl
AR R . PRI, 720 AT A8 e BT
J5, B B 2 TS R T R s o X
FHAE Status () RECHIAH] choice () PREER
o

K8 Jin 1 LA BRI S B ae AL R f S8 TR
Tk A . — AN JE T CSP Y DTP K fif it 72
BRI BAME R R R, X, '
Feib TR (B AR FIEIESE) , ARG/ AL
BERIATARANERE N T — KRB . il
W25 T 24 0 B s AL B 4% 09 AH 25 1 1) L
MRVBrancher, TVOBrancher Fl BaseBrancher %F X
i 2 H L REE £ Hoh 22—, FCPropogat BRIAfE I,
RSV i1 SB A4 a5 rI [F] I fdi F, T STP fij S22 3K
1LRER) P3C, DPC| FW f& 545 Ui 2 H H £
Hrpz—,

K8 Iyt e fas OB hATIE R

Fig. 8 lterative execution of branchers and propagators

2.3.2 A (visualisation) A3 5 Gecode Hf
A1 Gist ATALAEE e ({LF5A48 Rad B by s ik
B R R ) A[E, TRSE o Al #4645 e i

DTN Fh B Fh Ay, JFAE 254 b 3h
AR P B AR L PR AR A TR 5 A
JGraphT'"" Wi R Ji 7 ff FH P Ay JUNG P 52
E2/ S

3 RGN

K19 J& TRSE RS 1. % RS4RI K
e, —JEH ARLEL, BT LU SOARHE B L
B~ DTP SCFsk % dk £5 B SR R i 1% H % T
Jii DTP SO = Fh 5 s AR X 4. & 3E
WEBH, TR EES (Y
oyRas . RREA . BENRE . T E) . =
IR R ATYIN 8" E I a1 B URT: A VNN PO 7 4
ffRtRE . PURZE S AR, R DTP SRAgE5 R

XN AR NR
N

)
=, . -

LT 1 ~° BN
7 < 4 . ™\
E ( WEDTN ¥k
N
N -

K9 TRSE £%m
Fig. 9 TRSE graphical user interface

s R E A DTP: P = <X, C>, X =
(%, %, %3, x,, %5}, C= {C,, C,), C;}, C, =x,
- 2,<2 V x-x,<-1; C=nx, — %,<2 V x, -
vn<d; Ci=x,- x,<-3 V x;—- 2, < -5,

%% BaseBrancher 735 4%, A iEFEFR FCProp-
gat ZAMEARI L s AT [ BOR AR, T AL A HORE
%K 10 LA B os DTN kit .

4 45 ik

B AT HSU S 2 [ A AN AR ] Sl
ARV, EFRBCZ SRR S, ©F
AT ZREER (NTEGE) & EARRNIRLE
o ASCHER T —ANLL DTP S 70 1) 58 FH B 2 4
FEZRGE TRSE Ry BCitMsE B, TRSE B 750 %
PR 145 X R 5L T3 Ak DTN (9 T M4k i 11,
iz FIEA 1R 3 CSP K fif ¢ Gecode F1 & AT #1L4L 2
JUNG, 8 e 45 AR & R T A sh &
ATAAE b HAR DTP ST B 2 HUE TR
HERE, HETH AR S E R RSk, BT



PUTELES SRR AT PO B HE i e a RS B S: ) 43

6
g x3
'S
A
: R 8 & 2
v - ] Y
X x
7
M B o A% AT
£V
¥
x2 @) < (b)
x3 x3
B s 2 XS
x1 *x1
v F 4 v
A« £ A
‘."b-" o ‘,bﬂ
¥
2 © L (d)

K10 DTN 55 fbid#e( (a) —(b)—(c)—(d))

Fig. 10 Weak evolution process( (a)—(b)—(c)—(d))

WEDTN Ry al AL BOARf#RE 7 DTP SR A% A 2544 45

'l\%’

X DTP J3 B S HEFR 22> . F A EE

MM (EL. HE— 20 1 AR XS Ho Al DTP SR £
ARG AT EZ DTN FIARIER DTN 25 (a4 1
AR R R AL B SR 7S S HE

SE

(1]

(2]

(3]

(4]

(5]

GHALLAB M, NAU D, TRAVERSO P. Automated plan-
ning; theory and practice [ M]. San Francisco: Morgan
Kaufmann Publishers, 2004.

STERGIOU K, KOUBARAKIS M. Backtracking algo-
rithms for disjunctions of temporal constraints [ J]. Artifi-
cial Intelligence, 2000, 120(1) . 81 - 117.

LIU Y, FANG Y. Boost the Integration of planning and
scheduling: a heuristics approach [ J].
neering, 2012, 29, 3348 —3352.
MOFFITT M D, POLLACK M E. Applying local search
to disjunctive temporal problems [ C]// IJCAI, 2005 .
242 -247.

BLAINE NELSON T K S K. CircuitTSAT: a solver for

large instances of the disjunctive temporal problem [ C]//

Procedia Engi-

The Eighteenth International Conference on Automated
Planning and Scheduling, ICAPS 2008, Sydney, Austral-
ia, 2008 232 -239.

(6]

(7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

LIU Y, JIANG Y, QIAN H. Topology-based variable or-
dering strategy for solving disjunctive temporal problems
[ C]//In 15th International Symposium on Temporal Rep-
resentation and Reasoning, 2008. TIME ’08, 2008 129
- 136.

SCHWARTZ PETER J, POLLACK MARTHA E. Two
approaches to semi-dynamic disjunctive temporal prob-
lems[ C]//ICAPS Workshop on Constraint Programming
for Planning and Scheduling,
USA. June 2005.

MOFFITT M D. On the modelling and optimization of

Monterey, California,

preferences in constraint-based temporal reasoning [ J].
Artificial Intelligence, 2011, 175(7/8) : 1390 — 1409.
BOERKOEL JR J C, DURFEE E H. A distributed ap-
proach to summarizing spaces of multiagent schedules
[ C]//In Proceedings of the 26th National Conference on
Artificial Intelligence ( AAAT — 12), Toronto, Canada,
2012 1742 - 1748.
XBRG, 2 K ERLL. HE T A R Y )E A A
TEAT IO 25 (R RUR g R B R [T ] H L sE S
K J%,2008, 45(11) : 1840 - 1849.
DECHTER R, MEIRI I, PEARL J. Temporal constraint
networks[ J|. Artificial Intelligence,1991,49:61 —95.
Xk . T 2 A I S BRI S LRI LD ). )
M il 200875 -99.
HARALICK R M, ELLIOTT G L. Increasing tree search
efficiency for constraint satisfaction problems [ J]. Arti-
ficial Intelligence, 1980, 14, 26 —31.

TSAMARDINOS I0ANNIS, POLLACK MARTHA E.
Efficient solution techniques for disjunctive temporal rea-
soning problems [ J]. Artificial Intelligence, 2003, 151
(172) . 43 -89.

SCHULTE C, TACK G, LAGERKVIST M Z. Modeling
and programming with Gecode [ EB/OL]. [2010] ht-
tp://www. gecode. org/doc/4. 2. 0/MPG. pdf.
PLANKEN L, WEERDT M D, KROGT ROMAN VAN
DER. P3c: a new algorithm for the simple temporal
problem [ C]//In Proceedings of the International Con-
ference on Automated Planning and Scheduling ( ICAPS
2008) , 2008 256 —263.

JgraphT. A free Java graph library [ EB/OL]. [2013 ]
http : //jgrapht. org.

JUNG. Java universal network/graph framework [ EB/
OL]. [2013] http://jung. sourceforge. net.





