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Practical Reasoning (Part 1)
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2B HESR (1/2)

KR wmE X1TRZBIEL LR, 2FVMZIRNENZR
W7ot Xx.
“Practical reasoning is a matter of weighing
conflicting consideration for and against competing
options, where the relevant considerations are
provided by what the agent desires/value/cares
about and what the agent believes. "[Bratman87]
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2 ERHER (212)
ANDEBEHRIE—DDEFHNSERINS.
#43Z (deliberation)

E®D & 5 HRRE (state of affairs) &KL feWL v & RET
H_E.

FE&- B B9#EER (means-ends reasoning)
TN DHRBZEDLDISERT ANERETH_L.

#Z D AN EM (intentions) £ 5 .
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SEEHESR IS BT 2B (16)

1. BRFI—Y b ICREEZRERET . T—Y VM EEE
EENT BIDDFEERET 2HENHS.
If | have an intention to ¢, you would expect me to devote resources to
deciding how to bring about ¢.

2. BEIE, MOBHZEWY ANSLHICT LI ZRHEL,
NICEY EHOEREEFHT 5.
If | have an intention to ¢, you would expect me to adopt an intention 1)
such that ¢ and 1) are mutually exclusive.

3. I—V VM IBECOERDMIN ZEEL , HAHKEL 1
SEEBERT L ICHEET 5.
If an agent’s first attempt to achieve  fails, then all other things being
equal, it will try an alternative plan to achieve .
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CRHRICR T A EK (2/6)
4, I—U VPN IEESDERIMNTRETHDEELCTINVS.

That is, they believe there is at least some way that the intentions could
be brought about.

5, I—VxVMERAETHSER->TNBHEICEL TERE
A% FFlofiiy.

It would not be rational of me to adopt an intention to ¢ if | believe ¢ was
not possible.

6. HAHARAICENT, I—Y VM IEECDER%ZED.
It would not normally be rational of me to believe that | would bring my
intentions about; intentions can fail. Moreover, it does not make sense
that if | believe @ is inevitable that | would adopt it as an intention.
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EERHRICE T 55K (36)

7. I—V VM FECOERDIRTOFHSINZEEREZE
XY HHELRL.

If | believe ¢ = 1) and | intend that ¢, | do not necessarily intend 1) also.
(Intentions are not closed under implication.) This last problem is known
as the the side effect or package deal problem. | may believe that going
to the dentist involve pain, and | may also intend to go to the dentist — but

this does not imply that I intend to suffer pain!
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CEEHSRICE T 5EX (46

SHIELGIELELIVELIYBNEDTHAZ EIFE.

“My desire to play basketball this afternoon is merely
a potential influencer of my conduct this afternoon. It
must view with my other relevant desires [...] before it
Is settled what | will do. In contrast, once | intend to
play basketball this afternoon, the matter is settled; |
normally need not continue to weigh the pros and
cons. When the afternoon arrives, | will normally just
proceed to execute my intentions”[Bratman, 1990]
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. REHE R

FCE, TNEERT A2 TH. ChlE, ZDOEK

ICHT 55K (5/6)

EERHRICE T 2ERDEE (1/2)
EHIFE-BENHERERET 5. HE LI -V VR ERHE

TEDEIICEKRT BPERETH_ETHS. b, HD

RED—EDITHDIER,

BX%EEKRT B & TKREKL =35

ald, BDITAZHHS.

SHEIFET S ST AN N EANETNIE, T—V v
blEBEEBERHZRITETCENL. 2FYVEHIIFRTI 5. ©
NOERY 5& 2 A, @RS,

VMR ZDERZERKLEEEL S

2. 5L LK, TNZERT A5 ENERGVEFEL 5

1. ——

3. LK IFEZDER%ZHDOE

T,

=z
l%‘

X

RIS T OFEL RN EFLC S,

[EFETd 5.
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 EERHSRICHIT 5 EH (6/6)

EERHRICE T 2ERDEE (2/2)

BElIERFDAEZEZ FWT 5 BMEDSRHICFET 5 :EREE
T AN,

SRS, REROEERHBNEKIT 2G6SICREEZEAZAS: L
EHABRAEEATRES, TOEHEZERTAHAEWVSEREDT
IS, RFKICHT BTSN TCHIENRTES. LY, H
AIREBZENKRT AL Z2EHL TWAEFBIC, Th%ExERK
LRWeWnSZEEEFECTWVED, 20—V 2 VM IEIEE
W TH 5.

L |
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217201 —U Vb

1970 ERDFEMN S, AIDT SV =T (GHENE) RO
Sa-Tq4 I FIANITI—I b DREETICEOZE STET.

TV VIJR3AEENCEETOISIVITHS. HHE
ENTCEHEZENT 52— EDITTADHRETTHS.

SHAEFHRAIAIA T A DPFTEHREVE, AITSV=VFY
ATFALE, IRTOAII—V Vb OFOHERERTH
HERESNTE:.

Fikes & Nilsson ®DFEADOIHTD EIC/=K SADHEETE
HEBERB_ET, ZLDTS_VT7PITY XLDIEES
h, S5V BB ERFICEESINTE/-.
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3. FE-BBVHESR (1/12)

MER (Means-Ends Reasoning): IRREZFRIRFEF LD FRHA.
Ea—URT4y ORAFHZRDL D GREHTRIEAL , BEHERT
% (HwT D).

1. ZDODREDEIDEEREX THT 2
2. BZAONEZEDREICEINT 2% 2RI 2K
3. lREL TEHFEINBEEDRIIICEET 5 HH
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3. FE-BBVHESR (2/112)
MER [C & 2 IKRECEERER .

Meands- Ends Reasoni ng

1. BUEOREL BRIRE L LT 5.
2. EEEHDSEOHRELERT S.

3. WH[EERS, FTOEMEEREET S, AIgECRITNIL,
IIEDIRBE R B L , MER % 7 OEAED i E S
A Z {3 DEf 28 EiCEAH 9 5.

4. EPOEIENERINTZ6, BEIN-REZEEL
b OREICEET A1/EE%2 BT 5.
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EX- B BYHESR (3/12)
I—V1 VM ICBEABPEERNLGET7ATT

ZERXY %5 B (goal)/EH (intention) D3RR

179 5174 (action) DEK3E,
IRIE (environment) D3RR,
ZUL CEEZENRT HEHDTS VARSI ES.

ZhlIAREIC
&0

Ji
Jil
\I
\)
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ER- B BOHESR (4/12)

goal/
intention/ state of
task environment

possible actions

planner

|

plan to achieve goal

4 BEHESR (12) - pa54T
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o (5/12)

R :
1: A& E
» EDLHITFERE
o RI B2
RIZEDIKRE
T3
D \
b DSE[REZRIT A

j’—s
JFZDED

4: SEEHER
(1/2) - p.16/47
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FE- B BHEER (6/12)

BARDHEDAE (Block World and STRIPS)

(

B C
BAARD A E LY 5 e
Predicate Meaning
On(x,y) object = on top of object y
OnTable(x) object x is on the table
Clear(x) nothing is on top of object x

Holding(z) robot arm is holding x
ArmEmpty robot arm empty (not holding anything)
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FE- B HESR (7/12)
C DFERDEFRD—[ERERIRIC & 5 5cid

{Clear(A),On(A, B),OnTable(B),OnTable(C), Clear(C)}.

(
—2 Vb OBRERO—[EdFEREC & 5 FCd

{OnTable(A),OnTable(B),OnTable(C)}.

BT R 5% (CWA: Closed World Assumption) BT 5. D F
Y, BRI TWARNZ LB THIERET 5.
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3. FE-BHIHEER (8/12)
STRIPS et (1ITADFINHIELIR)

28] (name): 1TADLAE] (BlIZHFDO I & E &)

RIS Y AN (precondition list); 1TA% £1Td 271-®HICE
TRITIIIEBWWEEDY X

HEYU XD (delete list): ITAMNEITINRICE TWOKIZL
WWSESEDY B

EBY AN (add list): FTADETICLVELRDZEEDY A

(%1 1): stack 174

Stack(x,y)

pre {Clear(y), Holding(x)}
del {Clear(y), Holding(x)}
add {ArmEmpty, On(z,y)}
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FE- B B9HEE® (9/12)

(% 2) unstack 174

UnStack(x,y)

pre {On(z,y), Clear(x), ArmEmpty}
del  {On(z,y), ArmEmpty}

add {Holding(x), Clear(y)}

(5 3) pickup 174

Pickup(x)

pre {Clear(z), OnTable(x), ArmEmpty}
del {OnTable(x), ArmEmpty}

add {Holding(x)}
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FE- B HESR (10/12)

(% 4) putdown 172

PutDown(x)

pre {Holding(x)}

del {Holding(x)}

add {ArmEmpty, OnTable(x)}
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FE- B BYHEER (11/12)
TSV . BREERT 51D DITHD RS

pre(m) : T 2V m DEIESY

body(mw) : T2V m DA

empty(m) : T3V n BNEIDEFICE L 7% HihcE
execute(...) - B—T S V& AHh&elL, RITT H5FHReE

head(w) : T3V m DRPDITA BIAIK, 7 DEED o, ..., ap
DEE head(n) DEEFIIITA o KT ZET).

tail(w) 1 TV n Do RYDITHZ R EERY DITH5 (BIALL,
T DEEN a1,00,...,a, DEEF, tail(w) DA
ag,...,0n %ﬁfb)

sound(m,I,B) G 2DES BC BelW5EAbNcEZIC, T35
Vi ERDES I C IntICHLTIELWIT S THAZ L
EEH%T B.

WEs 4 ERESR 2) -p.22i47



3. FE:- B HVHERR (12/12)
I—Y1vh DFR-BHEREHIUTOERTRING.

plan : p(Bel) x p(Int) x p(Ac) — Plan,

4 BERHESR (12) - p.23/47



|
e HEA T __J) =t
4. 7<E§EPEDHHI v xVh D ERi= (1/9)
I—Vxz b7 —FT0F+
sensor
filter _
I Intentional
HEDVIDNMERL: v Structure
deliberation T
|
v v
Agent
effector
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EERMSR T — M DFEIE (29

EEWRI—Y 1 b DFEIE (version 1)

Agent Control Loop Version 1

1. while true

2. observe the worl d;

3. update i nternal world nodel;

4. del | berat e about what i ntention
to achi eve next;

5. use neans-ends reasoning to get
a plan for the intention;

6. execute the plan;

7. end while

WEs 4 ERESR 2) - p.25i47



EERMWER T — = b DEIE (3/9)

M REPFR-BNHROT O ALK TS 50T
L%y, BREIOANDDNS.

—Y VB to [CFAEZRA2EL , B 11 [CFER—B®
1’& #z%ZL T, BA t, ICZDT SV DETZRABLICET S.
-JL%[\_ ET 73 H#Feﬁ X

Ldeliberate = 11 — to
ThY, FER-BENHRICET SERIE,

bmer = 12 — 11

x5
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ERHESR T — b DEIL (4/9)

KT, ERTPHHIERZRBAELEZIC, ThhT—Y
VMICESTREDEDTHDEE, COREZIFETH S
EW D HAFFIREDE®RKIL).

—V VM IIEFA ¢ TEKRT 2 E8HZERT 50, Th
[XBFZ ¢y ICBWTERSINTWWNIEIRBE T8 DTH 5.
LU, tieiiverate P ESHhOTEVWRXETRITNE, T—
VIVMICKYRBINAEERD, HITORETIERNVEND
YRV EFADLBITNIRLRLES.

Zh#% sTEEEM (calculative rationality) £y .

AZFEREDFESLTHY, T—VU /M lEFETBIC, ZTDEE
EEDLDICENRT DN EREL RITNIEE SR,
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EERMER T — = b DEIE (519)

£oT, 2OI—V VM IEUTORAICENTEENICE

EEENE L HT.

1. BAZLFER-BHNHGNERTES IEEVRBRETRKRTYT
555.

2. I—U VMW REBLEFR-BWNHRZIToCLVAR, it
ANEgEL TOWBERETZ 35S
hnlckY, EXT HERDERE EREZZERT ST S5
DERZITOEEDREE, T—VU VM DBABL FER-
BRHRET T T 5F THE (valid) TH Y #ElT 5.

3. A to(HERZ#AIL 785K ICE W TER SN L ECER
BWCHAIERN, Rl to(T—Y 2V HE x%%ﬁk@“%
feshD— iwﬁ%&aawt%@Ditm@T%Uﬂwa
LIRETZ 355,
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CEERMHRIT—T Vb DRI (6/9)
0k, &6, BLUBEEDER (1/3)

L tHME—EREBEONDES

D=p(L) : LT—89X—ADKEE. 2FY, [-#EBEADESDE
. I—VxzVhDARETEH S.

see 1 T—U b ORERH

see : S — Per.

next : RIRREREM (7 —IR—AEHMEZHL LV vF—FRX—X(C
E1{R)
next : D X Per — D.

action  1TAEREE

action : D — Ac,

WEs 4 ERESR 2) - p.29i47



CREHRI—Y b DEE (719)
5ok, £E, BLUBEBODES (2/3)

B :I—-Ux1VMDBEDEEDES
Bel : AR fE&n2&ES
D :I—=Vx1Vbh DBRENELEDES
Des : AJRERFEELE D &S
[ : I—VxVh DBEODERHDES
Int : ARG SEOLES
Per : I—U Vb QIR

WEs 4 ERESR 2) - p.30/47



CEERMHBRIT—T Vb DRI (8/9)
sk, £E, BLUBRODES (3/3)
options : BIRE 4 EGEL (Options Generation Function)
shome = el X @) —> raDag)
filter : ZERIBBE (Filtering)
Filter  p(Bel) x p(Des) X p(Ing) — p(Int).
brf : {5SEERIH (Belief Revision Function)

brf : p(Bel) x Per — p(Bel).

WEs 4 ERESR 2) -p.3v4r



EERMWER T — = b DEIE (9/9)
KRERHBI—Y 1 7 b DRI (version 2)—& Y AL RIEZ-

Agent Control Loop Version 2
B := By, /* initial belief */
while true do
get next percept p;
B = bT‘f(B,,O),
I := deliberate(B);
w = plan(B, 1, Ac);
execute(T);

end whil e

02 = e ol e S A

WEs 4 ERESR 2) -p.3247



5. B (1/3)

I—VxzVbFEDELIICHAEZT HMN?

E S5 2R (options) H¥ & B H?

ZTDOFERBDOFMNS —D0ED, ThICOIVMT D

EWDZELZzHETHENLIEELHS.

ZE L N 723ZIR (option) A E

X

L85

WEs 4 ERESR 2)-p.33/47



. BAZE (2/3)
AEZBAMIE - DDEL 2N IERERICH R EE

ERAR A X

ISV I—UxVMEERR (ER) TEKT 5.

E:J‘Rﬂiliiﬂi& BRI option ICK Y EKIRT 5. Z DREHIE
—U 1V DIREDOEFESELEBRDEEZSIHEL TLE

U EIRFDES (= FEE (desire) ZRET 5.

2R (filtering):
hiCkYI—Y Vb EEHRET 2EREOFN S EXZE
Z2Y, ThEERTHEICaIybT 5.

ZhlE filter BRI K Y ITHON S.

WEs 4 ERESR 2) - p.34i4r



5. 432 (3/3)

Agent Control Loop Version 3

1 B = By, I* initial belief */
2 I = Ip; /* Iinitial 1ntention */
3 while true do

4, get next percept p;

5. B = brf(B,p);

6 D := options(B,]1);

7 I = filter(B,D,]I);

8 w = plan(B, 1, Ac);

9. execute(r);

10. end while

WEs 4 ERESR 2)-p.35/47



6. A v b XAV (&) (111
d3 v b A2 $EE [Cohen90](1/4)

Some time in the not-so-distant future, you are having
trouble with your new household robot. You say “Willie,
bring me a beer.” The robot replies “OK boss.” Twenty
minutes later, you screech “Willie, why didn’t you bring
me that beer?” It answers “Well, | intended to get you
the beer, but | decided to do something else.” Miffed,
you send the wise guy back to the manufacturer,
complaining about a lack of commitment.

WEs 4 ERESR 2) - p.36/47



6. AX v b AVM (EH) 211)
J3I v b AV b ¥EE [Cohen90](2/4)

After retrofitting, Willie is returned, marked “Model C:
The Committed Assistant.” Again, you ask Willie to
bring you a beer. Again, it accedes, replying “Sure
thing.” Then you ask: “What kind of beer did you buy?”
It answers: “Genessee.” You say “Never mind.” One
minute later, Willie trundles over with a Genessee In its

gripper. This time, you angrily return Willie for
overcommitment.

WEs 4 ERESR 2) -p.37/47



6. A v b AV (&) (3111)

J3I vy b AV b ¥EE [Cohen90](3/4)

After still more tinkering, the manufacturer sends Willie
back, promising no more problems with its
commitments. So, being a somewhat trusting customer,
you accept the rascal back into your household, but as
a test, you ask it to bring you your last beer. Willie again
accedes, saying “Yes, Sir.” (Its attitude problem seems
to have been fixed.) The robot gets the beer and starts
towards you. As it approaches, it lifts its arm, wheels

around, deliberately smashes the bottle, and trundles
off.

WEs 4 ERESR 2)-p.38i4T



6. A3y b XM (&EF) (4/11)
O3y b X2 $EE [Cohen90](4/4)

Back at the plant, when interrogated by customer
service as to why it had abandoned its commitments,
the robot replies that according to its specifications, it
kept its commitments as long as

required — commitments must be dropped when fulfilled
or impossible to achieve. By smashing the bottle, the
commitment became unachievable. [Cohen90]

WEs 4 ERESR 2) - p.39/47



6. A v b AV (&) (5111)

SENI -V VN CETAIHARTIEHLATOIAI VM XVE
B —IREVTH S .

TEMII v b XV (Blind)
EEEIJL\-j\/I‘L/Tn. ?/_T_/I‘li, %ﬁh‘%ﬂiéh%
T, %@a%%ﬁ%fbub‘% EEROI M AVMIE,
B CIE(ER) (fanatical) A v b XM £ KIENS.

—BEO3I v b XM (Single-minded)

—BELI-Vz VM, BENERSINIZEEC %D,
HELLEZDERZZEKRT ST ToARngeEl %
FT, TOEHEZHbLET 5.

FEREII v M AV (Open-minded)
EREER (OBRLEWN) T -V Vb E, BROZEMN F/Z T8
THHEFCLONTNBRY, TOERHZHRLET 5.

WEs 4 ERESR 2) - p.a0/47




6. AIw bk XM (B (6/11)

—VxVMIEEBN(DFY, EKRL 120 #RRE (state of
affairs)) E FE (0F Y, BEHDIREZ ZENT 27TCHDAH =
XL)DEHICTI v b AN EHED.

SNEZA, BA2DI—Y Vb 0HEIN—-T L, FEREE
DT H IS EERS (overcommitted) &% > TLV5.
BIE: H5T SN F LITMRITNIEKELE (replan) T5.

WEs 4 ERSR 2) -pavsr



6. AXw b XM (EH) (711

Agent Control Loop Version 4 (part 1/2)

1. B := By, /* initial belief */
2. I = Iyp; I* initial 1ntention */
3. while true do

4, get next percept p;

5. B = brf(B,p);

6. D := options(B,1);

7. I := filter(B,D,]I);

8. m = plan(B,I Ac)

(

continue to the next page)

WEs 4 ERESR 2) -p.a2ar



6. AXw b XM (E) (8/11)

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Agent Control Loop Version 4 (part 2/2)
(continue fromthe previous page)
whi |l e not empty(m) do

a := head(n);

execute(a);

T = tail(m);

get next percept p:;

B = brf(B,p);

I f not sound(w,I,B) then
m = plan(B, I, Ac);

end-if

end-whi | e
end-whi |l e

4 BEHESR (12) - pa3iar



6. A v b AV (&) (9/11)

INTHELEE

EDSRL TR,

NEd

l\-ﬁbzlﬂg\}%l\-&’)zb\% Oi ); o

AN B THEIMNE OINZEZBRET HHIC{FLETHEND D

EIE: BENEIIL AR TEETH 20 % RET B7-HICEIE
5. (—BELHIAIv b AV

WEs 4 ERESR 2) - p.adisr



6. A v b XAVF &) (10/11)

Agent Control Loop Version 5 (part 1/2)

1. B := By, /* initial belief */
2. I = Iyp; I* initial 1ntention */
3. while true do

4, get next percept p;

5. B = brf(B,p);

6. D := options(B,1);

7. I := filter(B,D,]I);

8. m = plan(B,I Ac)

(

continue to the next page)

WEs 4 ERESR 2) - p.asiar



6.

1

Ty b XV (&) (1111)

Agent Control Loop Version 5 (part 2/2)

(continue fromthe previous page)

succeeded(I, B) or impossible(I,B)) do

9. whi |l e not (empty(w) or

10. a := head(w);

11. execute(a);

12. T = tail(m);

13. get next percept p;

14. B = brf(B,p):

15. I f not sound(w,I,B) then
16. w = plan(B, I, Ac);
17. end- | f

18. end-whi | e

19. end-whil e

WEs 4 ERESR 2) - p.asiar
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Bratman87 Bratman, M. E. (1987) Intention, Plans and Practical
Reason. Harvard University Press, Cambridge, MA.

Cohen90 Cohen, P. R. and Levesque, H. J. (1990a) Intention is
choice with commitment. Artificial Intelligence, 42, 213—-261.
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