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Abstract This paper presents two main applications of causal reasoning :to predict indirect facts of actions and to find
the actual cause of some given facts. We point out that logic is not adequate for solving these two problems. We also
present J. Pearl’s method in dealing with causal reasoning ,which treats causation as a computational schema. This idea
of treating intelligence as computational schema is the basic idea of cognitive science. As last, we contrast methods

which implement intelligence based on logic and those based cognitive science,point out that causal reasoning should

be performed in the framework of cognitive science.
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1.5H

RNEENHRFABTERLR . MET EYRE1T
AZEMEARXZBRM THEERNVITATEENEA.
BOMIAEARAREFHESFEEIBEK,. AL &H
FEREAR MET ARG IMSEWRE, AMIRe
EEFRBFHKEIR.

RMERXENERAHFTES, BAHER R R A
FHBREXER - GRABITY  REXEAHAIEEREAT
TSIEXEAE BMAMRGREIEATE SITWHKTTLL
K B XA ) GX B — N R R R BT E X A R
FOAMNERNFHRIFERXRIBRXRFIRZERZR?

BEREHEZERXEM A David Hume(1771-1776), fib $8
i “We may define 2 cause to be an object followed by
another, and where all the objects, similar to the first, are
followed by object similar to the second,Or,in other words,
where,if the first object had not been, the second had never
existed- "X A HEER X RN T ER X EiE—5 KRB
T B (conterfactua )W B: . R TT, RE XN T ELE LR
FBE T —EEgE,

19994F J. Pear® MR 11 T —FhHT i Mtk B R HER W A
BRRXERREIRTENEERIEMN: “The ruling
conception will be to treat causation as a computational

schema devised to indentify the invariant relationships in the

enviroment,so as to facilitate reliable prediction of the effect
of actions. "M X HHEEELRE—F“HERX"NERER
NENEL 4 (cognitive science) FE L B,
EXEENETHIMEXERERMNAF REHEET
HEZEHANERXEMTAEZ L. BETRRHEABNAAT
JPearl EHMFTE . BENBAXABERAE KB TETESE
BHFEHET AR FOTETRATIERGEA BHT
BARERNZEADRENERABIIETFHRR.

2. B XEREENGTF

RITEAEABTRENHFREKE —THEROITE
HRERXRFENREE,

M H— A, Y EEYRIBSRIT R A
RFITHAHRE.ABR: LA —EMLTFITHORE, 5
—IEHREIT . MRRETHF B AREHENRE.

BRBRERITGER FHILERITHF &5 (cause) KH
T BB ZEEIT A EMREXMTREHERX R
AEZBHERHHBRAERER L.

up(L,,s) Aup(L;,s)—open(s) ¢
Ko, L LA AR REIE, s RRURE.BWDERY
REMH HBEDREBREZEDEHER. XHF LA
ER: ] FEHBEITI, KAGEITH: 2. FEFENER
EEXE FRPRLEFXARE. -1 ERERBAENM
K.

« AR H R ¥ X4 (60073039,60273080) 35 M4l 3 52 MRt 21 (20020306) BE BYiRAH .
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EH AR R % EF$ R A& —4LH (mechanism) ,
B (DR RS B D %M 8 up(L,,s) A —open
(s)>—up(L,,s) Fr R B —FrUB A S it T . &
BEABE A ER. AR, A>B ENT—-B>—ABH
BXZRBAMEM,A cause B %M F—B cause —A.

F21 mEIBTRAY R R E .
i ;
(5\0——" OFF
Light Switch-1
O
Switch-2
E1

BRUTLESANRAEZELE -IFXLTF on K&, W
R on REIHT, M TFEE X FEH L L=SW, VSW, . SW,
1 SW 4 F % 7] 69 3037 , AR #% Mackie # INUS 44 (I E552
BANE SWH SW. BRI L RYEH BRITRESE
HAESWIAREL BEHEEFER (BRIREREZT SW2).

HILL ERFENFEEZ BB AX S RNRE L (FEHR
HFREHEATEZAMNXE MR T "REEH”, MEEL
ERRATIE 2 T A0 SR A B A P R A M A R BT L E IR
8.

3. Mackie fJ INUS-condition . ZE1B i {E R A Hi A 1Y
ERXFE

Mackie ZE1965FE R IX M EBBELENBEERX R M
& Mackie B2 , — M B4 FEE R RX M FHHTTS %
HEAREH YL EEME. TR “an insufficient but necessary
part of a condition which itself is unnecessary but sufficient
for the result” X R ELZH INUS(U 4 #HEBIFHWHEES)
% 14.19884F R. W. Wright 2 i} 9 NESS % #f (Necessary
Element of Sufficient Set) T LLF ¥F INUS &4-8) R IEHBF,
XERMEEITIE INUS &4,

Blan, B RAE AR KRB R R K5
RAEBEHERR BERTEESZ G ETRLEERN W
RESPREAHLEXRELRS  BIER AR, KRERE
wps AR ERRIED R4 BITRAERESHENFEEEMS
KU R —BEBEM A ARERTRLERS.T
R K SEER K SRty INUS &4 :B=(AANXI VY, H+ B
TrRKEBE AZTFUREXZFHERGBEFSE
BmESPEREHES. KEFEEK .Y RRHTHE
SIEX R IRE .

Mackie 9 INUS %3] T R ZHEMA . X[3]F
M EEOELHCRBIUEL I —1FH P INUS 4.
B AAB & P iR/ FE 5 R4 (R SR BN R X AT T —
TEBAE HROBIBIFTRL ST %4, XBIFERY
E ) ,CA(=CV A AB 2 PHBRNFTS & (BRIE—
BEHRFR AM—-CVA=0 . LREP, EAHEHCH
HUREVES P 1Y INUS &4, #TEAN PHFER.

X315 INUS g9 5 b — St PR EMBR T RAFR
KERBIE : B — B4 B KR 69 (B 45 b S 4 098 A X
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FOR U EINUS R4 ESTTREABRE.FIMAVB,AV
(—=AABYFI BV (=BAAYEHMH,. -AEAV(=AAB)
Y INUS &2, —BfE BV (—-BAAH INUS &4
#£5, MTAIERTE AVB /Y INUS &2 £ T E RS
Bl FRE—ABENFENZRE—EH ANIZERRITR
A E T &L T AR A SR A% B BRIk
BB, XA T AVBABR, BE— R ARER,
EHRREXAXLHE - FEEMELAGHARRAER
AR —EEE.H0. F1Hs MBI THREE AR
Rt REXA ERNERF BN,

4. H=

MERBRNEEAEEIEEREBIEE: —FT R
51474 (action) #EATHERE , BRI H G R OCHEREERE R) . 6
ME—HIHFALB-AIRABRES TFINEIERE,.F
mE—Haap2. TEMNENIBNHTNE.

MEXMIFHNB HITHHEETFLE T John
McCarthy 19594F 8 3 “Programs with Commonsense” , iX
BRI HEE T ST ANEREY RSP S HEFEEY
H A7, J5HEFE19634E McCarthy 32 T Situation Calculus 3
#5247 A3 (action domain) . KEEFESOFEN , AITARZ5E
BEEZHIEN ARUMREREEPHEZ X PRRH T
BREZIERFANZH. WM, McCarthy # circumscription,
Reiter #J default logic 1 Moore # autoepistemic logic, 201t
L0FE, ANTE AT Y ramification [B]FR, BIHT & — 447
b B (8] 3% 45 B (indirect effect) BRI G, B K B 44K (state
constraint ) WA H R AMIBEELRL B &, H R 8 iR (causal
knowledge )BT WEH K A KERH RAR XN T
e EH X [4~10].

EHEEEMZ XETHERRBATEHRIRERRSE
HRAHERXFEMEL AWM. X[4]PRE. RELH—
TEARAENEHRCERS T BEFXIR =AY
HiR:

1 The fact A causes the fact B.

2 Necessarily,if A then the fact B is caused.

3 Necessarily,if A then B.

R=MARBGARGRERERM IHBRRET A
MBHMERXRE2EFREARNL, —EFEXHOEH
(F—ERATH EVEAHENER . ERBSIEBH
B3P AN B EEMERRE R FEM R ramification [ B,
BRITRATES _FHARHST.

HFXEAREAFHE A RERREEAFGHRESN
(EBE)YFRHE. X EREHHFRLRE BT LERIS
INUS Z 5, REMM L RREWM T R EN REELN
#: (counterfactual approach)!')” El.A R BHER . MR A
FEEBHEFASREBELEACREET “BRATK
ETRETRR UMW RBELATE. M EmR AR
B KR KEREMFEEZA N REBREZATE
MRAKKE, KEECRASBREN REENTEEER
F AR T EME, R TEMEZE:

B3 —A/NEREEE KA — R B, MR TR L L
UPBRABEBZ EDEFEITEBRY. 8 —TMEBYR 2B L
INBRBREE AT AR B R B/ ITEE T ERYE L,
45 5 & A B/ BRIERE, QB R 2 BR MR B/ BRIE
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HHER.

HU LW ZESE—1TEBY.ERNMERERELINF
B BREES-THEBY . MEROUSHEE I EBYHEL,
BRBARSEER . FFUS—ITEBY AR R R
6 5 B . 3 P 4% 150 3 % 3 U i overdetermined , BXL B FE R
A - ETFHER  EMNHEFEEHRAUATENERLRE,
ARG EMEASER LONXMAFLUPHBE_IRBY.
MPLEHIBETHER, LMERFE_AEBY . GAHLA ST
BEE.

5. LA J. Pearl B Z AR FTRIAREHEIXTIE

Jopearl ZEXX (2] LiRFF MR T ERBEAEE. T
B O BAERM B —H “modifiable structural equations”.
Prig“structural equation” I T M ENEWEX. FTER
BEBRAOHARE. XHRBEEETEYNEFS¥. Hlm.
consume =income/2+e, AHIE R Z [BH —MERXER . I
RUARBT FROMBEREFENRLER T .ERIFRAR
B ERXEPSHEMMEDN. R AEBYEEMD
2ANBREERBLSIEBHRE.RZAKRHE
“modifiable” R H P HEM— M HEBTREEK EHTE
. mMTEMENS. 2, XHERTEEAIROTE
(intervention)B M.

M5 1 —4AHEHBR#ERE (causal mode) B—P=7C4A

M=U.,V,F), F

(DU BRHERSIHERRENERETREOMIERHN
£4.
QVEHKREANER:ENATERNES MHU
UVEMTERNHES.

(OF={F,,F,,, F.}REHNNES . HF F. ZENUU
(V\VOEIV, Hysitie,

BIrEREBREMNE-ITERE. AP TEHEYT
VARER AIAREXRITEROTRENHERENT R, B
SRR B uy 4 B B ] (causal diagram) X B EHHE —Fm
AREAREEMNIBERNRATE . BARNEIIAE
N A ETRARR, £ BRI CH I M EY RS
IR ERSP AXLHB—BS RSB RERSD.

EMXE 2(FH#HA ,submodel) 4 M I —HRHEE,XC
V.MAFHEE M, RERER M. =WU.V,F), 1+

F.={F. |V, X}U{X=2x}

R B FhHEMNET X PHERO BB H X=2
B,
MRS do(X=2)FR T H (action) U H FTHEH E
X
EBMS. 3T AR  Effect of action) & M A —HBRE
BELXCV {TAdX =D REM EHERRRTRE
M.,

EME A(—PMHBRAK s causal formula) BEM X==«
WREANHFRAE. Mu o RFRARNGEM S HE,
MuH=Y =y Jo BRAR ¢EFHE My, P HE
GE = "HRRME. TR,

EXNSS X' =zx"BTEM, PR MEERHE.MPE
ATF=A kLA

(DM, H)EX" =)Ao, FEHNEREELEH
LR AL,
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(DOBEEVH—ISEZ W)/ X CZ° BN
BM.u =2 ==z .34

a. (MyuH)E[X =z W =w"’]—¢, (LKL . IE
(X", WHORG ,w)HOBERGE wIEH AT
B

b My E[X =2 W' =w" " J@A(Z"=2")).(th
BERE.AEX REAEN 2 AE. WE W F&EW Z°
P EMER.)

QX BEPHEEH X HTFEBREOMQ,

—REi8 EEH Z° ol f “active causal process”, L Fr L,
R AEERBE X PRAERD ¢ PRATROBER
E.x[12]5 ¢ B IERA . E X5 5 (DA () ERRITFERF,
QOELFEERAITLERIFHIELSL WHSF—HFTHEA
Z.RNAFXEWHE O, WWRENE W HESRT
“active causal process” PR BEEFEE WL L),

EW, B3N PRBIAFTRE, FRTASR MM
BHHAEBLFEEHRZ, 2 51H E LS5 3HE LS. 55
WT R (13]h X S E R R T . TES
EBIIE—T J- Pearl O ELTELRRF ERENA

BAIE L3N HNERT B, suitcase_open, L, _open, L, _open,
ENBRBIRRITH BROFREM, EX2MIBPER, !
w2, 3 RIFREE LA LRESHERG TFRIIBEER,
BMNAEZRLEMNBEEREMT 2. EMIAIFRRESEBM
R IREFIE EFRTF P w/=1.u2=0. AP F HES
B TE3HFEAM:

suttcase_open=L,_open \ L,_open (@)
L,_open=ul (2)
Ly .open=u2 3

B L BT 017 0 do (Lo_open =D R R KM B
Miy_ e 5 (D BB, Lo—open =183, 15 B 47 0 & B 80
TS

suttcase—open=L,_open A\ L,_open a”
Ly _open=ul 2
L, _open=1 3”)

X HE suttcase—open=Li_open A L,—open=1A1=1,80
BT,

6.1 cognitive science vs. logical approach

THATERETHIHZERYEEBIFRZ —. LR
ALERORBREARE  NAHNENERBO T ERRPEE
HARER. EROTEERMEEBATN, TERENE—
TAERZ ASRZHIHFIEBRNREBLN . ATHE
R T AR MR ADR A HE ST
RETE.

WERZAA: ABZBTURELAEREERIARP S
HER—IMER EXPMERPEH— LR ER (mental
representation) HIE SLAE X & N EFHR R 2 LA M1 X R
RN PR EHANB I ERESHZ O W ERAELL.
EXMERE—HRISFACLRELHAALERATA
SEFEXMBRZ T Wb B — S Gk L R
PR ARFITRERE —SYWENA HKENTR. LITRER
EH.ROAAZEEAIREN P LEFHE  EIHAN
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LI RAEH RIS HIREEX T AR 6 3 ER
HHDERE AT EEE.

human-level
intelligence

3 v

mental representation + | data structural +
computational procedure algorithm

Bl AREhERENIH

IWABEMEETEEAATERENEE SRS EARM
#,3X — & McCarthy 7 “Artificial Intelligence, Logic and
Formalizing Common Sense” S gi % itk . ff o i, B
BATEEIERERE TR F (common-sense world)
. TADRF TR EREETX AR ER, LA F
HREF ' HBEENRRMGER.

1971 4E, John McCarthy I R E E i+ W B B 2
“Generality in Artificial Intelligence”, B F B — R ALE
AEM AR F BIERN B L. R, XBEFFH IR
OB AN AMAREESBELABRRR. B K
EHEFRANEEE LSRR GRIRAR, IE A IRAGR
fRAERLSL . — AR Y HETR M B 2 NP 188, 3 Bl | =58
—PHTRE G, ZENFRF R AT — 5P BH “civil war”,
12 88 % ¥ (logicists) — 77 kL Stanford Kb £ 3%, ik B1 % ¥k
(proceduralists)—77LL MIT A3k INDFE RN A, ESH
FE Yk T %84T A8 (domain-specific knowledge) , i3 F
B & (static) IR (rigid) , RER R EN . E BN HRRE
BELHMAHBEZE K. 5 AU Papert BIiH R “As

long as your methods are supposed to be good for proving

artificial intelligence

anything,they’'re not likely to be good for proving anything. ”

6.2 ARMENZENTDRHFIERNFIBR

MW R AEZBHANERDRERER R
ramification M8, B RFHBMBEI T HRXERMT A7,
“ARBHFEEREENRE A" IHEMNES. bR 2R, &
TEHSPWEARDENERA AL, RRERERR—
SERHEEEB. PIEW AL, ] Pearl FHHERXENE
XEREEEN AREANLEFN . EHTERETRERELE
AR —BEK LB XHE—1 causal diagram(IHT TR, A
AT — A7 h 8 R B 45 R A8 E — 14 B r ey R B BT kR
B4 B BRAR 5E 5. 37M5. SET ik AYAB#E.

EMBTE M B, ZREREET AT RARR,. T
IWHEREETH AR, N BENER. ' BARLXERTL™Y
FBEFRIRAFTAREALRRBRXAZN”, RAERK
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RAEEMBERXRMGNIERERETBEN”, XHHME
BRZBIEM AKBHEREROEY LA REILES
BOER, BYEREGETRERTERRZRT BRAERD
R,

%iE FXFEHRTEBEHBERMESFHRE,
T 5 Z MR AR 2 B R T B R R 10— &
SIS ERIMMAAMNZELAER LN FTEXHR_EN
WA SRR ZRETTERET A ARG ER, AR
PN TERET AR AR R AN BEN AERZEA
RREFBERFUBREREE SN — LA, BMERE
. '
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