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Generative Agents [Park+ 2023]
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Recursive Reinforcement Learning
[Hahn+ NeurIPS 2022]

e Recursive MDP :
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Figure 1: A recursive Markov decision process with three components 7', S, and H.

Hahn, E. M., Perez, M., Schewe, S., Somenzi, F.,
Trivedi, A., and Wojtczak, D.: Recursive Reinforcement
Learning, in Oh, A. H., Agarwal, A., Belgrave, D., and
Cho, K. eds., Advances in Neural Information Processing
Systems (2022)
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Recursive
Q-Learning

[Hahn+ Neur IPS 2022]

HODMEDRILILE
XAREAEL .
XARZ LI ERE s EEE

— BEZEFRIZETIVIET SN
—T—E‘/\7>"5lli CUOR
AELIZKKLKEE5

Hahn, E. M., Perez, M., Schewe, S., Somenzi, F., Trivedi, A., and
Wojtczak, D.: Recursive Reinforcement Learning, in Oh, A. H.,
Agarwal, A., Belgrave, D., and Cho, K. eds., Advances in Neural
Information Processing Systems (2022)

Algorithm

1: Recursive Q-learning

1 Initialize Q)(s, v, a) arbitrarily
2 while not converged do

3

th de

e e =1 =

10

20

v+ 0
stack «— ()
Sample tr diector) T~ {(s,a,r ), ...}
for s.a.r.s" in T do
Update «v; according to learning rate schedule
if entered box then
{Sexity s v -+ Sexit,, } < getExits(s’)
0" 4= [MaXys e A(sp, ) @(Sexity s v, @'), - MAXy/ € A (sexi,
t”;flﬁn Al min(r*"}
o' v — -':‘:nin
Q( v,a) < (1 —a;)Q(s.v,a) + o (r +max,re (s
stack.push(v)
v v
else if exited box then
{Sexity s« -~ Sexit,, | < getExits(s)
Set k such that s" = sex,
Q(s,v,a) + (1 —a;)Q(s,v,a) + a;(r + v(k))
v <— stack.pop()
else
| Q(s,v,a) + (1 —a;)Q(s.v.a) + oi(r + max,e a(s
end
end
end
return ()

(u)(“cmt s a )]

) QL

Qs

@)+

cv,a’))

!
min

)
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E2TAH)LAE n-step Sarsa, Sarsa(A)
e

[ oy . e ~ - - e ——
Action values increased Action values increased

1N TaKE Action values increased
e e by one-step Sarsa by 10-step Sarsa by Sarsa(k) with 3=0.9
—|-—|-+ [
¥ ' ‘
[ - - T
I = G Gl |4+ | al [y
: t bl ==
one-step Sarsa n-step Sarsa NI BEREN —XIZEITSH
= ;] B E D BEZREK
= E@®OD Sarsa

Sarsa(0)
= E@&EOD Sarsa

Sarsa(l)

= oo-step Sarsa
Reinforcement Learning: An Introduction, second edition — =, N
Richard S. Sutton and Andrew G. Barto : :E/Tjj)l/ H /IT 18



EUTAHILOETOFREL

E VTN ERIDEE
TILFRRAYTIHEENKLE

SO S0 — .. = § = oo > 1 o  TEVY—F#T

B N
' _ %—iﬁ-fﬁ Base,, (sO g0,a0)

Y
S IEY—FETETOEERE G

TEOHEXEE Q. (s,0.a) = E, [ G - Base, (s0,90,a0) ]

HIIL—FUEEERTLEEDEEEDFEE A
Base(s0,g0,a0) «— Base(s0,g0,a0) + a(G - Base(s0,g0,a0))

HJIIL—F O NERDITENE D FE A
Q(s,g,a) — Q(s,g,a) + a(G - Base(s0,g0,a0) - Q(s,g,a)) 19




HJIL—F RN

fE

= =~

\%

=(EDFE AL (Sarsa)

YIN—F U EERKRT LS TROP TR TEE
Base(s0,90,a0) — Base(s0,g0,a0) + a(r + Q(s',g',a’) - Base(s0,g0,a0))

e e e e e e e e e e e e e e e e e mm e e e e e mm e e e e e M e e e e e Em e e e e e e e e e e e mm 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 e e e

- - - ——————

a0 return a'

sO-s0—..—->s—>s" — ..

______________________

#JJL—F> g0

-~ = = - - - ——

—
IEFEH#E T DHEN
r
\

HII—F> g EERTDRDITEID
g0 IZH I+ H1EXHEME Q. (s'.g'.a)

HA{E Base,(s0,90,a0)=E_[r+ Q. (s'.g,a)]
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BINL—FUMUH LOMEDFESZE (Sarsa)

Q(s.9.a) < Q(s,g.a) +a(r +Q(s',g',a) + Base(s,g,a) - Q(s,g.a))

_______________________________________________________________________________________

' LY IL—Fo g YIN—F2g
a=call(g’) : a' return
y | BULLEGOFE ! '
FUHLOHE r  FUCHLEROTHO HIIL—F> g NDEE(E Base, (s,9,a
i fE Q, (s',9'.a) | n(598)
A J
Y

YT I—F g OFFUHE L OB
Qrn(s.9.call(g)) = E,[r+ Q,(s'.g',a) + Base, (s,,a)]
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B II—F UDMFISRT LB

D=2 Hl (Sarsa)

Q(s,g,a) — Q(s,g,a) +a(r + Q(s',g',a") - Base(s0,g0,a0) - Q(s,g,a) )

- - - - - - - - — - ————————

- - - ——————

EYIIL—FURTRED

BN L R BRE LR

..— g0 IE':J%"’?&T:

*7“7» —F g 0)%-%1'5 Base, (s0,g0,a0)

_____________________________________ S 2.
| ||
BISE T BB T
———)

15I19+.%§70)>ﬁw)ﬁ§)10)
g0 [ZH T+ HExHEE Q,, (s',.9'.a)

542 T 3 B1TE) a = exit(s") DFEXHE{E

Q; (s,g,exit(s')) =

E.[r+ Q.(s'.g,a) - Base,(s0,90,a0)]
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28:
29:
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32:
33:

(=3
D
A

1
2
3
4
5:
6
7
8
a9

: procedure EPISODE(S, G)
: # Init and choose the first action rule.

ruleHistory, callerHistory, rewardHistory + empty
s+ 8; g« G; stack, callerStack <+ empty
stack.push(G) ; caller «+ StartRule ; callerStack.push(dummy)
Choose rule from s, g using policy derived from Q
while stack is not empty do
# Take action.
a + getAction(rule)
if a = RET then
s ¢« s; g ¢+ stack.pop(); reward ¢« RFEetvrn
else if a is exit(m) then
s« m; g < stack.pop(); reward « RF=i
else if a is call(m) then
stack.push(g); s ¢ s; g + m; reward ¢ R
else
Take action a, observe reward and s’; g’ < g
# Choose action rule.
if s’ € g’ then
rule’ +<— ReturnRule
else
Choose rule’ from s’, g’ using policy derived from Q
# Remember history for Update.
ruleHistory.push(rule) ;
if a = RET then
caller ¢+ callerStack.pop()
else if a is exit(m) then
caller ¢ callerStack.pop()
else if a is call(m) then
callerStack.push(caller)

rewardHistory.push(reward) ; callerHistory.push(caller)

caller < rule
#
s+ 87 g g rule + rule’
Update(ruleHistory, callerHistory, rewardHistory)

: procedure UrDaTE(ruleHistory, callerHistory, rewardHistory)
G + 0  # Total reward until the end of the episode.
while ruleHistory is not empty do
rule + ruleHistory.pop() ; caller + callerHistory.pop() :
if rule = ReturnRule then
Base(caller) + Base(caller) + a(G — Base(caller))
else
Q(rule) + Q(rule) + (G — Base(caller) — Q(rule))

G + G + rewardHistory.pop()

3 BT AARRICKAFEEOREMa—F, 22T rule 21X (s, 9,a) OflERTT—ZFHETH 5, ReturnRule
FEHT getAction(ReturnRule)=RET, Q(ReturnRule)=0 ¥ ¥ %, StartRule TV Y — FEFIHBET X I —
TEIL— LB RT TR, RO, Ricturn RE2IL 3 Zh Zh3 70 —F VUM L. RET. exit O (Fita
b BRIER

1:
2
3
4
5
6
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:

21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:

36:
37

procedure EPISODE(S, G)

# Init and choose the first action rule.
s+ S; g« G: stack, callerStack < empty
stack.push(G) ; caller < StartRule ; callerStack.push(dummy)
Choose rule from s, g using policy derived from Q
while stack is not empty do
# Take action.
a + getAction(rule)
if a = RET then
8 ¢ s; g < stack.pop(); reward ¢« RFEeturn
else if a is exit(m) then
8 ¢+ m; g < stack.pop(); reward ¢+ RF®i
else if a is call(m) then
stack.push(g); s’ «s; g « m; reward + RO
else
Take action a, observe reward and s’; g’ + g
# Choose action rule.
if s” € g’ then
rule’ « ReturnRule
else
Choose rule’ from s’, g’ using policy derived from Q
# Update.
if a = RET then
Base(caller) < Base(caller) + « (reward + Q(rule’) — Base(caller))
caller +— callerStack.pop()
# Do not update Q(rule) because Q(ReturnRule) is always 0 .
else if a is exit(m) then
Q(rule) + Q(rule) + « (reward + Q(rule’) — Base(caller) — Q(rule))
caller + callerStack.pop()
else if a is call(m) then
callerStack.push(caller)
caller + rule
Q(rule) « Q(rule) + a (reward + Q(rule’) + Base(rule) — Q(rule))
else
Q(rule) « Q(rule) 4+ a (reward + Q(rule’) — Q(rule))

#

s« s’y g+« g rule « rule’

7: Sarsa |2 &k B EH O a—F
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Pro5Lang TDY—X3d—Fk

— StateN go = w(a(PLS,G));
FZ kRS RY =
7 1. StateN g2

w(a(PLS,S));

w(a(2,R));
setRulesName("g0");
rule(w(a(1,P)), g0, call(gl)); /] 1
// S1 -> T1 -> G1

B e e e e e e e e e e e e s

\ ~a rule(w(a(1,S)), g0, set(a(1,T))); // 2
------------------------------------------- N HINL—F2 (G} :
4}7}[«—9’-‘/ {Sl, 82} \\| \\I ;jlzéwfi(éi-r)): g@, set(a(l,G))), // 3
# > ! ! rule(w(a(2,S)), g0, set(a(1,G))); /] 4
Ql Rl Sl T> Sl — Tl [ // Q3 ->R3 ->S3 -> T3 -> U3 -> G1
: : //rule(w(a(3,Q)), g0, set(a(3,R)));  // 5
D Tt N | | rule(w(a(3,Q)), g0, primitive(SetwithCost3, w(a(3,R))));
YIN—FU{R2} ! i i rule(w(a(3,R)), g9, set(a(3,S))); /] 6
! I I rule(w(a(3,S)), g0, set(a(3,T))); /] 7
P =P R2 — R2 — S2 — S2 G ™ | rule(u(a(3.m), go, set(a(3.0))): /7 8
_________________ / ; ! rule(w(a(3,U)), g0, set(a(1,6)));  // 9
------------------------------------------ : setRulesName("gl");
B // P1L -> Q1 -> Rl -> S1
Q3 =» R3 — S3 — T3— U3 J rule(w(a(1,P)), g1, set(a(1,Q)));  // 1
N N e e e e e e e e m e — e -7 //rule(w(a(1,Q)), g1, set(a(1,R))); /] 2

rule(w(a(1,Q)), g1, primitive(SetwWithCostl, w(a(1,R))));
rule(w(a(1,R)), gl, set(a(1,S))); /] 3

. S e e e // P1 -> call(R2) -> S2
'U'jll/‘ ?/@IE-%%%T& B89 H. ruieéwi%i?P%, g1,>ca13(l(%2));)) x 4
— > s\ 7 N rule(w(a(2,R)), gl, set(a(2,S 5 5
MDY ITIL—FFEUH T H., I exit(@)

HISR T I 5% rule(w(a(1,P)), g1, exit(a(3,Q))); // 6
éIEE(]':EJ:R?%):&%EEEE?%)%ZI‘joD7\\313\ setRulesName("g2");

//rule(w(a(1,P)), g2, set(a(2,R))); // 1
R rule(w(a(1,P)), g2, primitive(SetwWithCost2, w(a(2,R))));
* KVWKEIDIARMDATE
* TIFHIVLTETATOREEBDOIANEL -1 £ 5

G
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Alice
returnRule.q: 0.0
returnRule.base: 0.0

EUTHILOTEE beta=l apecoon  Emis oo

H$ITIL—F2 {R2} 12 gl.4  -4.9997616

— 0 g0.1  -3.3839872
PSR2 DR 0.5 et oy || B
. $10AITEY—F |2 g0.3 0.0
3 g0.4 0.0
i 4 g0.5 0.0
________________________________________________________________________ B 6}‘3’?\1 5 g0.6 0.0
------------------------------ O TR, ] L—F \ 6 g0.7 0.0
5 6 ST F 81, 577 O\ Pase 3'42 FINTFLAGE 7 g08 00
-2. 1.6 ! - i 8 g0.9 0.0
Q1 — R1 >»S1 — S1 —T1 | 9 gll 00
! 10 gl2 00
Base -5 | 11 gl3 00

_ 06 |
p23 R2 > R2 > S2 > S2

! -1 13 gl5 0.0

G — 14 gl.6 0.0

| ! ! 15 g2.1 0.0

————————————————— 7/ /7 |
"""""""""""""""""""""""""" . | r.q:

5 4 3 ) ,; 0 g0.1  -6.781405
1 0.2 -1.9999702

Q3 —> R3 — S3 — T3— U3 A 2 30_3 -1.0

---------------------------------------------------------------------------- g 3 g0.4  -1.0
4 g0.5  -4.999791
5 g0.6  -3.9999104
6 g0.7  -2.9999108
7 g0.8  -1.9999702

8 g0.9 -1.0
9 gl.l -3.623542
10 gl2  -2.623542

[e] A\ N

IEY—RERLEIRNTRT TESIL—H nooola Loz
%‘ﬁg$—cby{émé 13 gl5 -0.6256995

14 gl.6 -3.6239288
15 g2.1  -0.5002682




Sarsa T=E beta=1 alpha=0.001
P—R2 X +-0.5 OB TE Yt

YIL—F2 (R2}

Base -1
I e e v
01 2+ Ry L =31%>51—2»T1 §

Base -2 i

' 1 |
p23 R2 > R2—+ S2 > S2

1
G

5 4 3 2

Q3 ——+R3 — S3 — T3— U3 ;

N e o e e o e e e e e e e e Em e e mm e Em e Em e Em e mm m Em e e e e mm m mm e e e e m e e e e M m e e e e e m e e e e e e e e e

IEY—F&#&HEIRNTR T TEDIL—FTLELIL—F P-QL A
EEETERIND

Alice
returnRule.q: 0.0
returnRule.base:
startRule.q: 0.0

0.0

startRule.base: -0.9999702

r.base:

0 g0.1  -2.6175258
1 g0.2 0.0
2 g0.3 0.0
3 g0.4 0.0
4 g0.5 0.0
5 g0.6 0.0
6 g0.7 0.0
7 g0.8 0.0
8 g09 0.0
9 gl.l 0.0

10 gl2 0.0
11 gl.3 0.0

12 gl4 -

1.9999106

13 gl5 0.0
14 gl 0.0
15 g2.1 0.0

r.qg:
0 g0.1
1 g0.2
2 g0.3
3 g0.4
4 g0.5
5 g0.6
6 g0.7
7 g0.8
8 g0.9
9 gl.l
10 gl.2
11 gl.3
12 gl4
13 gl5
14 gl.6
15 g2.1

-6.858474

-1.9999106
-0.9999702
-0.9999702
-4.9994345
-3.9996724
-2.9997916
-1.9999106
-0.9999702
-2.9997916
-1.9999106
-0.9999702
-3.4997764
-0.9999702
-3.3881714
-0.4999851
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- RGoal ZEHOEOZEHTS K SIZHLE
o BISMIRT DHEBEEZ BN
¢« 2DMFEE 7T XLNDER . Sarsa . ETAHINLOE CGHREOEKMHY)
¢« 10@IZFEDTRAMNEE2RY THEWESR (FEF-1+5)
« 1%
¢« YILFRRXRITHOTA b
« T£BED TE = BIETM
« DEERRIEFEE & DFFMG LR
c BHLGTEARIVTREZILIVALOFERAMEZRY
c I—Tx Y MO TEIETEIZII T THMBITEIL,
HRICEX>TIAHHEEKEZRET AL BX R ZitEF
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IH RGoal richisugi+ 1cANN 2017

« RGoal ITFEDFHIRERLGELKHITIN—FUoRUVOHE LA TETSERBRARILFE
s I—U U MIRNEKELELTHTId—IL g EHTI—ILDREI VI FHD
s FEDKEMNSH TI—JL g ICANSIAKRE HIJIL—F> g | EHESR
s I—TUx U MIBEDTEOMIZ, HITIL—FUEUHL call(g) #FEIZEIR

A ae

. ﬁE)ﬂﬂﬁﬂEF‘aﬁéﬂ (T—ILICEEST 5 FTOHRMOEEI) 25T I—ILEEDRT L&
IZ7EIL. 7 d—LEEROMEMD K Q(s, g, a) T Z=FE

e RGoal IR ILFARVIRETHLUBEZEEICEDLZ & &,

HRERFHIZIEDOE SMNETTDBEER

* |H RGoal TIl& g IFE—DIRRETH > 1=H.

A

RTIE g ZREBDEE LTS



ProSLang TITHNSBRRTE/INT A R

(Sarsa, E>TAHJ)LAZEK H&)

TR RUHE

« d—JLORREEDHZRIE
e {g1, 82,83, ...} =g

e Vg, V(g2),... = V(@ =0
« TEIL—ILDOHERE
« { (s1,g1,al), (s1,g2,al), ... } = rule
c ITEIMERZBD/ NS A2 HKE
« Q(s1,g1,al), Q(s2,g2,a2), ... = Q(rule)

s MU LXARCEDHEEBEDFENSAIDHEE
« Base(sl1, g1,al), Base(s2,g2,a2), ... = Base(rule)

/ 4




ProSLang MT7—JJ)LIEHE ({HEREZEL D yT{Ll)
rule(P(1), g, set(Q(1))) |
HR1E
rule(P(2), g, set(Q(2))) -~ — rule(P(x), g, set(Q(x)))
rule(P(3), g, set(Q(3))) |
e
‘ . " g

Sarsa(0) TlX{EMEHBEL
Sarsa(A), EVTAHILOELELEHS
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JAT S LEBDE=HDIFT I FLHEFE
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 TERROMEZE L. TEIEIEZEH

- JRINFE RS
- BREBECESNT, ARAEOBVMTBIL—LEER
- TEIEHEIREAS
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IB RGoal DMERIZTHE &L € DEIRER

P i e e e e e e e e e e e e

1 , $IL—F> G

P e e e e e e

YI—FUR

calli return Cf. MAX {M{E B8 %4 % &
| ] | ]
Y Y
Y79 73—)L R BEXTIZELNDHEN HJHJ3—)L R Z:E %O HRHN
| |
Y

BIIL—F2 RFVHLOMEE = 73 —)L G FEFTIZHELN L EREN

HII—FaRTAR=00REE(HTIT—IL) X1 D FEWSEHIRAHoT-
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MAXQ 1

ERG %L 2 Dietterich 2000]

Q(p,s,a) =V(a,s) +C(p,s,a)

p [FFHRARY., alEFRARIFEIETIST4T1E1TEY,

KEE (T J— L) TIIELTE (HTIL—F) DffEICEFEB LK,
V(a,s) [(TFERY p [TIKELLGWVLD TERAIBTHETES,

=L V(a,s) ITLL T O X THRMWIZHET S2HELH S,

max Q(p,s,a) if piscomposite
Vip,s) =1 ¢ e
V(p,s) If pis primitive
Q,s,a) =V(a,s)+ C(p,s,a)
2 .
a
S > > .
ZREIZEITE , o\ , '
EREN D F2F0 V(a,s) C(p,s,a)
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TAMRAIRY &
RITHER



______________________

s AN

Q(1) -+ Q) + R() ~ G(L)

- P(1)

Q2 + Q@)

—— -

G(2)

Pro5Lang ¥Y—X3d—Fk

setRulesName("g0");

rule(w(a(1,P)), g0, call(gl)); /] 1
// route 1

rule(w(a(1,Q)), g0, set(a(1,R))); // 2
rule(w(a(1,R)), g0, set(a(1,G))); // 3
// route 2

rule(w(a(2,Q)), g0, set(a(2,6))); // 4

setRulesName("gl");

rule(w(a(1,P)), gl, findItemA(Stone)); // 1

rule(w(a(Now,Room1,Alice, IsAwareOf,Stone,0)), gl, set(a(1,Q))); // 1
rule(w(a(Now,Room1,Alice, IsAwareOfNo,Stone,0)), g1, set(a(2,Q))); // 2
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P(1)

TA M1 F2EHFE Sarsa

______________________

s AN

; Q) -+ Q) + RAW) ~ G(L)

setRulesName("g0");

rule(w(a(1,P)), g0, call(gl)); /] 1
// route 1

rule(w(a(1,Q)), g9, set(a(1,R))); // 2
rule(w(a(1,R)), g0, set(a(1,G))); // 3
// route 2

rule(w(a(2,Q)), g0, set(a(2,6))); // 4

setRulesName("gl");

rule(w(a(1,P)), gl, findItemA(Stone)); // 1

rule(w(a(Now,Room1,Alice, IsAwareOf,Stone,0)), gl, set(a(1,Q)));
rule(w(a(Now,Room1,Alice, IsAwareOfNo,Stone,0)), g1, set(a(2,Q))); // 2

/71

- P(1)

Q2 + Q@)

______________________

G(2)

Q(P(1), G(+), call(Q(+)))
=-1+-2+-1+(1/2*(-2) +1/2*(-1))
=-55

0

alpha=0.001 1
beta=1e-5 2
H1I0FIEY—FEE 3
4

. 5

beta B/IPNILNDT |

g0.1
g0.2
g0.3
g0.4
gl.1l
gl.2
gl1.3

-5.481687

-1.9999106
-0.9999702
-0.9999702
-1.9999106
-0.9999702
-0.9999702

TEIMEICKDST
[FIFEREETITEER
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TAM1T FEHER EoT7AH)LO

——————————————————————

s AN
\
\

Q(1) =+~ Q(1) ~ R(1) ~ G(1)

P(1) - P(1)

Q) + Q@)

— - ————

G(2)

|

setRulesName("go");
rule(w(a(1,P)), g0, call(gl));

// route 1

rule(w(a(1,Q)), g0, set(a(1,R)));
rule(w(a(1,R)), g0, set(a(1,G)));
// route 2

rule(w(a(2,Q)), g0, set(a(2,G)));

setRulesName("gl");

/] 4

rule(w(a(1,P)), gl, findItemA(Stone)); // 1

rule(w(a(Now,Room1,Alice, IsAwareOf,Stone,0)), gl, set(a(1,Q)));

/7 2

rule(w(a(Now,Room1,Alice, IsAwareOfNo,Stone,0)), g1, set(a(2,Q))); // 3

REBEBHITIL—FUoZEERTLTHG
IEY—FETETORERMEARFE)
(-3+-2)/2=-25

alpha=0.001
beta=1e-5
H10AIEY—FEE

Q1) THRT I HITHIDEXEE: -4 - (-2.5)=-1.5
Q(2) THRT I HITHDMXIHMEE: -3 - (-2.5) =-0.5

OO~ WNPEFEO

g0.1
g0.2
g0.3
g0.4
gl.1
gl.2
gl.3

-5.4946895
-1.9999702
-1.0

-1.0
-2.01283
-1.5154262
-0.5170868
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O(1)

P(2) — Q(2) ~ R(2) = S(3) =~ T(4)~ U(1) — V(1) — W(1)

s@1) » T1) ——

S(2) » T@) ——

QM) — R(1)

> 1@ ——

T(1)

T(2)

T(3)

setRulesName("g0");
rule(w(a(1,0)), g0, set(a(1,P)));
rule(w(a(1,0)), go, set(a(2,P)));
/7 {} -> P(1) -> call(T(+))
rule(w(a(1,P)), go, call(gl)); //
/7 {} -> P(1) -> T(1) -> X(1)
rule(w(a(1,T)), g0, set(a(1,X)));
/7 {} -> P(1) -> T(2) -> W(1)
rule(w(a(2,T)), g0, set(a(1,W)));
/7 {} -> P(1) -> T(3) -> V(1)
rule(w(a(3,T)), g0, set(a(1,v)));

// 4} -> P(2) ->Q(1) -> R(1) -> ...

rule(w(a(2,P)),
rule(w(a(2,Q)),
rule(w(a(2,R)),
rule(w(a(3,S)),
rule(w(a(4,T)),
rule(w(a(1,U)),
rule(w(a(1,Vv)),
rule(w(a(1,W)),
rule(w(a(1,X)),

setRulesName("gl");

g9,
g9,
g9,
g9,
g9,
g9,
g9,
g9,
g9,

set(a(2,Q)));
set(a(2,R)));
set(a(3,s)));
set(a(4,7)));
set(a(1,U)));
set(a(1,v)));
set(a(1,W)));
set(a(1,x)));
set(a(1,6)));

// P(1) -> S(x) -> T(x)
gl, call(g2)); //
gl, set(a(x,T)));
-> R(1) -> T(3)
gl, set(a(1,Q)));

rule(w(a(1,P)),
rule(w(a(x,S)),
/7 P(1) -> Q(1)
rule(w(a(1,P)),
rule(w(a(1,Q)),
rule(w(a(1,R)),

gl,
gl,

set(a(1,R)));
set(a(3,7)));

setRulesName("g2");

/71

~
~
[N)

/4
/15

// 6
-> X(1) -> G(1)
/17
// 8
/9
// 10
// 11
// 12
// 13
// 14
// 15

1
/712

/73
// 4
/15

rule(w(a(1,P)), g2, findItemA(Stone)); // 1

rule(w(a(Now,Room1,Alice, IsAwareOf,Stone,0)), g2, set(a(1,S)));
rule(w(a(Now,Rooml1,Alice, IsAwareOfNo, Stone,®0)), g2, set(a(2,S)));

/7 2
/7 3

X(1) =~ G(1)
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0 g0.1  -10.250875
— sy 1 g0.2  -9.9977665
7— z I\ 2 O) % %‘ %\:I: % 1 Sa r S a 2 g0.3  -9.271175
Ira 3 g0.4  -1.9999106
alpha=0.001 4 g0.5  -2.9997916
beta=1e-5 2 g0.6  -3.9996724
o - g0.7  -8.998243
HW10AIEY—F%E 7 g0.8  -7.998719
8 g0.9  -6.9989576
LT TTTTTTTTTTT I ~. 9 g0.10 -5.999196
/ \ 10 g0.11 -4.9994345
! TTTTTT I . j 11 g0.12 -3.9996724
. , , ! 12 g0.13 -2.9997916
l | S(1) v '~ T(1) 13 g0.14 -1.9999106
! ! | : 14 g0.15 -0.9999702
! : P(1) | S(x) + T(x) <! 15 gl.l  -4.9995832
| | / | 16 gl2 -0.9999702
. . . 17 gl3 -2.9997916
P(1) — p(]_)'\ () k 1 T(2) 18 gl4  -1.9999106
| N - . | 19  gl5  -0.9999702
: ! 20 g2.1  -1.9999106
! : 21 g2.2  -0.9999702
| -
O(l) :‘ Q(l) — R(l) > T(3) ﬁ,_> T(3) \ 22 02.3 0.9999702
\ /

P(2) — Q(2) ~ R(2) =~ S(3) =~ T(4)—~ U() — V(1) =~ W(1) ~ X(1) = G(1)

Q(P(1), G(+), call(T(+))
=-1+((0.5*-5)+(0.5*-3)) +-1+((0.25*-2) + (0.25 * -3) + (0.5 * -4))
=-9.25
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0 g0.1  -10.268073
— s — 1 g0.2  -9.999554
SIS
7_;( I\ 2 O)%l—‘lfglff\:t% -| == . Tj])l/n > g03  -9.268073
[ I m -’ 3 g0.4  -1.9999702
alpha=0.001 4 g0.5  -2.9999108
beta=1e-5 5 g0.6  -3.9999104
S 6 g0.7  -8.999554
HW10AIEY—F%E 7 g0.8  -7.999791
8 g0.9  -6.999791
J0 St -~ 9 g0.10 -5.999791
/ \ 10 g0.11 -4.999791
! TS . ! 11 g0.12 -3.9999104
! 12 0.13 -2.9999108
T(1) 0

16 gl.2 -0.26891258
T 2 17 gl.3 -3.757307

( ) 18 gl4 -2.757307
19 gl5 -1.7573085

20  g2.1 -2.009013

[ I !
l S(1) \ i 13 ¢0.14 -1.9999702
| ! | 14 g0.15 -1.0
' A SO > T < 15  gll -4.2689114
: 1
! 1

1

|

|

1

1

1

1

|

21 g2.2  -0.49826962

O(1)

lQ(l) - R(l) > T(3) > T(3) \ 22 02.3  -1.4974338

P(2) — Q(2) ~ R(2) =~ S(3) =~ T(4)—~ U() — V(1) =~ W(1) ~ X(1) = G(1)

Q(P(1), G(+), call(T(+))
=-1+((0.5*-5)+(0.5*-3)) +-1+((0.25*-2) + (0.25 * -3) + (0.5 * -4))
=-9.25
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©Coo~NOoOOOUTh WNEFO

g0.1
g0.2
g0.3
g0.4
g0.5
g0.6
g0.7
g0.8
g0.9
g0.10
g0.11
g0.12
g0.13
g0.14
g0.15
gl.l
gl.2
gl.3
gl4a
gl5
g2.1
g2.2
g2.3

-10.324317
-9.9977665
-9.346801

-1.9994962
-2.9997916
-3.9996724
-8.998243

-7.998719

-6.9989576
-5.999196

-4.9994345
-3.9996724
-2.9997916
-1.9999106
-0.9999702
-4.999531

-0.9999702
-2.9997916
-1.9999106
-0.9999702
-1.9998579
-0.9997723
-0.9999702

— r=h 3131 4+
TAL20DFERR2 Sarsa
b(l,otazle.-S
H10FIEY—FEH
base2 RELZ ™,
] S() A T(1)
i /;< P(1) FE R ; S(x) * T(x) <
PA) PO O iy 1@
o(1) lQ(l) — R(1) - T3) —— T(3) \

Q(P(1), G(#), call(T(+))
=-1+((0.5*-5) + (0.5*-3)) + -1+ ((0.5* (1/3) * -2) + (0.5 * (2/3) * -3) + (0.5 * -4))
=-9.333

P(2) — Q(2) ~ R(2) =~ S(3) =~ T(4)—~ U() — V(1) =~ W(1) ~ X(1) = G(1)
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O(1)

g0.1
g0.2
g0.3
g0.4
g0.5
g0.6
g0.7
g0.8
g0.9
g0.10
g0.11
g0.12
g0.13
g0.14
g0.15
gl.1
gl.2
gl1.3
gl4
gl.5
g2.1
g2.2
g2.3

-10.34963
-9.999554
-9.34963
-1.9995744
-2.9999108
-3.9999104
-8.999554
-7.999791
-6.999791
-5.999791
-4.999791
-3.9999104
-2.9999108
-1.9999702
-1.0
-4.3444223
-0.3444168
-3.6608129
-2.6608129
-1.6608157
-2.0209603
-0.33913013
-1.3389684

— 4 3151 4+ " N ;
TAL20FERR2 EVTAJEER
betazle.-5 g

H10BIEY—FEE °

T T ST T N 8

_________ FER 1/3 N o

A S(1) < 2 T(1) 3

| | l | 13

; PO e 2J37 SO > TO) < 14

i / S(2) }ﬂ OT(2) %

P(l) _r> P(l) A e 2 e : 18

l : 19

I l : 20

- QM — RA > T@) — T(3) 2

P(2) — Q(2) ~ R(2) =~ S(3) =~ T(4)—~ U() — V(1) =~ W(1) ~ X(1) = G(1)
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\.|
N
T
W
|
R
=l
Q
CC
LL
=

____________________________________

______________

____________________________________

setRulesName("go");
rule(w(a(1,P)), g0, call(gl));
rule(gl, g0, set(a(1,G)));

setRulesName("gl");
rule(w(a(1,P)), gl, call(gl));

// 1
/] 2

/] 1

rule(w(a(1,P)), g1, set(a(1,Q))); // 2
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P(1)

____________________________________

______________

____________________________________

-’
-

- Q1) ~ G(1)

1
1
I
1

= -6

* Q(P(1), G(+), call(Q(+)))

=1l+c+-1+-1

- BIIN—FUORNEBDOIRNE ¢ £T5HE
c=12*(-1+c+-1)+1/2*-1 =c/2-3/2
HNDTc=-3

i L FEER

setRulesName("g0");

setRulesName("gl");

rule(w(a(1,P)), g0, call(gl));
rule(gl, g0, set(a(1,G)));

rule(w(a(1,P)), gl, call(gl));
rule(w(a(1,P)), g1, set(a(1,Q))); // 2

/] 1
/] 2

/] 1

Sarsa
aIphaz0.00l 0 g0.1  -6.059001
~ 1 g0.2  -0.9999702
beta=1e-5 2 gll  -4.9841566
910/ TEY—KEE 3 gl.2  -0.9999702
EUTAHILA
0 g0.1  -6.0034614
1 g0.2 -1.0
2 gl.l  -5.206631
3 gl.2  -0.95455545
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TA K4 fail

_____________________

fall

P(1) - P(1)

Q@ + Q@)

— - ————

(R

=

G(2)

47



FRAF5 fail (RZEi)

O(1)

P e

_______________

fail s@) ~ T() —*—’ T(1)

/ P(1)

| | S(2) +» S(2) - —>
P(1) — P\ (@) 7> 8@ = 1@ =~ T(2)

lQ(l) — R(1) > T(3) *—> T(3) \

P(2) — Q(2) ~ R(2) =~ S(3) =~ T(4)—~ U() — V(1) =~ W(1) ~ X(1) = G(1)
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TAKLG6 exit 2EFHFE Sarsa

setRulesName("g@");

rule(w(a(1,P)),
// route 1
rule(w(a(1,Q)),
rule(w(a(1,R)),
// route 2
rule(w(a(2,Q)),
// route 3
rule(w(a(2,P)),

go,

g0,
g0,

g0,

g0,

setRulesName("gl");

call(gl)); /] 1

set(a(1,R))); //
set(a(1,G))); //

w N

set(a(1,G))); // 4

set(a(1,G))); // 5

49

rule(w(a(1,P)), gl, set(a(1,Q))); // 1
rule(w(a(1,P)), g1, set(a(2,Q))); // 2
rule(w(a(1,P)), gl, exit(a(2,P))); // 3
- Q1) — R(1)
Q(2) G(1) 0 g0l -4005056
1 g0.2  -1.9999106
2 g0.3  -0.9999702
alpha=0.001 3 g0.4  -0.9999702
. 4 g0.5  -0.9999702
beta=1e-5 5 gll  -0.9999702
10/ IEY—FE%E 6 gl2  -0.9999702
7 gl.3  0.5003009




- Q@) — R(QA)

- Q(2)

G(1)

alpha=0.001
beta=1e-5

setRulesName("g@");
rule(w(a(1,P)), go,
// route 1
rule(w(a(1,Q)), go,
rule(w(a(1,R)), go,
// route 2
rule(w(a(2,Q)), g9,
// route 3
rule(w(a(2,P)), go,

setRulesName("gl");
rule(w(a(1,P)), gi,
rule(w(a(1,P)), gi,
rule(w(a(1,P)), gi,

call(gl)); //

set(a(1,R))); //
set(a(1,G))); //

set(a(1,G))); //
set(a(1,G))); //
set(a(1,Q))); /

set(a(2,Q))); /
exit(a(2,P)));

w N

/1
/ 2
// 3

H10/FIEY—FEE

gl1.1  -1.4994103
gl.2 -0.5003828
g1.3 0.5003285

0 g0.1  -3.9966471
1 g0.2  -1.9999702
2 g0.3  -1.0

3 g0.4 -1.0

4 g0.5  -1.0

5

6

7
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TAM7 exit

P(1)

Li

setRulesName("g@");
rule(w(a(1,P)), g0, call(gl)); // 1
rule(gl, go, set(a(1,G))); // 2
rule(w(a(2,P)), g0, set(a(1,G))); // 3

setRulesName("gl");

rule(w(a(1,P)),
rule(w(a(1,P)),
rule(w(a(1,P)),
rule(w(a(2,P)),

g1,
g1,
g1,
g1,

call(gl)); // 1
set(a(1,Q))); // 2
exit(a(2,P))); // 3
set(a(1,Q))); // 4
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exit BIRMEUH L ?%“f‘*%

TABM7
ELFA)LOE (Sarsa LEICHER).

rule(w(a(1,P)), g0, call(gl)); // 1
rule(gl, g0, set(a(1,G))); /] 2

LT T T T T T T oS mosomo—mm--ee ~. rule(w(a(2,P)), g0, set(a(1,G))); // 3
N\
SO T TTTTTTETE T A EE e EmEEmm N N
J J/ \ Y setRulesName("gl");
| memeemaaaTITS . i ! rule(w(a(1,P)), gi, call(gl)); /] 1

: ' | : | rule(w(a(1,P)), gl, set(a(1,Q))); // 2
I l ! : rule(w(a(1,P)), gl, exit(a(2,P))); // 3

i i /////yf ID{ii\\\ Q(1) : rule(w(a(2,P)), gl, set(a(1,Q))); // 4
P(1) — P(1)

P(2) , .
RSURERR N = | alpha = 0.001
' beta = 1e-4

105 IEY—K

g0.1 -4.6737857
g0.2 -0.9999732
g0.3 -0.9999732
gl.1 -3.9732273
gl.2 -0.99507886
gl1l.3 -0.34169364
gl.4 -0.98401076

B U

- REID call(gl) DOFfifE -3.97 AELLNET S
REID call(gl) Offi{E: -1 + (-3.97-1)/3 + (-1-1)/3 + (-1-1)/3 = -3.99
5L I call(gl) DIE: -1 + (-3.97-2)/3 + (-1-2)/3 + (-1-1)/3 = -4.65
Y IR FEEETTMNATLNS
- exit DIEEIZDULNTIXRIREE

Ok~ wnNPE O
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exit LTHRYEL

exit

Q(2) Q@2 — G(2) —

return

— - ————

call DffifEZ c 975

exit M G(2) ETHH{E: -1 +c¢

set(Q(2)) M G(2) FTHIHEE: -3

call(P(1)) @ G(2) FTHf{E: -1+ (-1+c)*05+-3*05=c
NzfE{& c=-6

TAKS8
ETAhH)LO%E (Sarsa L ELHE)

setRulesName("g0");
rule(w(a(1,P)), go,

// route 1

rule(w(a(1,Q)), go,
rule(w(a(1,R)), go,

// route 2

rule(w(a(2,Q)), go,

setRulesName("gl");
rule(w(a(1,P)), gil,
rule(w(a(1,P)), gil,

call(gl));

set(a(1,R)));
set(a(1,G)));

set(a(2,G6)));

exit(a(1,P)));

set(a(2,Q)));

/] 4

/11
/1 2

g~ wNNEFEO

g0.1
g0.2
g0.3
0g0.4
gl.l
gl.2

-6.0509195
0.0

0.0

-1.0
-4.9427114
-1.0001788
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FTRA L9 exit LTHE exit LTHVE

setRulesName("g0");
rule(w(a(1,0)), go, set(a(1,P))); // 1
rule(w(a(1,0)), go, set(a(2,P))); // 2
// P(1) -> call(T(+))
rule(w(a(1,P)), go, call(gl)); // 3
// P(1) -> T(1) -> X(1)
rule(w(a(1,T)), g0, set(a(1,X))); // 4
S // P(1) -> T(2) -> W(1)
Ay rule(w(a(2,T)), g0, set(a(1,W))); // 5
\ // P(1) -> T(3) -> V(1)
\ rule(w(a(3,T)), g0, set(a(1,V))); // 6
A ! // P(2) -> Q(1) -> R(1) -> ... -> X(1) -> G(1)
1 ! rule(w(a(2,P)), g0, set(a(2,Q))); // 7
I ! T(l) rule(w(a(2,Q)), g9, set(a(2,R))); // 8
! rule(w(a(2,R)), g0, set(a(3,5))); // ©
{ rule(w(a(3,S)), g0, set(a(4,T))); // 10
rule(w(a(4,T)), g0, set(a(1,u))); // 11
I S = T() <! rule(u(a(1,U)), g0, set(a(L,V))): // 12
1 rule(w(a(1,Vv)), go, set(a(1,w))); // 13
1 rule(w(a(1,W)), go, set(a(1,X))); // 14
rule(w(a(1,X)), go, set(a(1,G))); // 15

T(2) setRulesName("gl");

1

1

1

: // P(1) -> S(x) -> T(x)

1 rule(w(a(1,P)), g1, call(g2)); // 1
1

1

1

|

P

rule(w(a(x,S)), g1, set(a(x,T))); // 2

// P(1) -> Q(1) -> R(1) -> T(3)

rule(w(a(1,P)), gl, set(a(1,Q))); // 3

rule(w(a(1,Q)), gl, set(a(l,R))); // 4
—> > —_—T> rule(w(a(1,R)), gl, set(a(3,T))); // 5

Q(l) R(l) T(3) ] T(3) // P(1) -> exit(0(1)) -> exit(0(1))

\ ) rule(w(a(1,0)), gl, exit(a(1,0))); // 6

O(1)

A 4 setRulesName("g2");

N e e e e e e e o = = ———— - rule(w(a(1,P)), g2, exit(a(1,0))); // 1
rule(w(a(1,P)), g2, set(a(1,5))); // 2
rule(w(a(1,P)), g2, set(a(2,5))); // 3

P(2) — Q(2) ~ R(2) =~ S(3) =~ T(4)—~ U() — V(1) =~ W(1) ~ X(1) = G(1)
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TAF9 exit LTHE exit LTHOUYEL

Sarsa

e

exit )22 exit

P(1) — PO

o(1) { lQ(l) — R(1)

P(2) — Q(2) > R(2) = S(3) =~ T(4)~ U(1) — V(1) — W(1) ~

gl base : (-3/6 + -4/6 + -5/2) | (5/6) = -4.4
call(g2) DE{E : -1 +-5.94 * (1/3) + -1 * (2/3) + -2 = -5.

: 5(1) T(1)
. PQ) N st s s <

T(2)

64

call(gl) DE{E: -1 + -5.6 * (1/2) + -3 * (1/2) + -4.4 = -9.7

gl M5 exit TAMMIE: -1 + (-10.7 + -10)/2 - -4.4 = -6.95
g2 M5 exit I A1ME: -1 +-6.98 - -2 =-5.98

X(1) =~ G(1)

alpha = 0.001
beta=1e-5
10/ TEY—F
0 g0.1 -10.706895
1 g0.2 -9.9977665
2 g0.3 -9.665258
3 g0.4 -1.9997932
4 g0.5 -2.999552
5 g0.6  -3.9996724
6 g0.7 -8.998243
7 g0.8 -7.998719
8 g0.9 -6.9989576
9 g0.10 -5.999196
10 g0.11 -4.9994345
11 0g0.12 -3.9996724
12 g0.13 -2.9997916
13 0g0.14 -1.9999106
14 g0.15 -0.9999702
15 gl.l -5.6036243
16 gl.2 -0.9999702
17 gl.3 -2.9997916
18 gl.d -1.9999106
19 gl5 -0.9999702
20 gl.6 -6.9754114
21 g2.1 -5.9433594
22 g2.2 -0.9999147
23 g2.3 -0.99988914
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FRAF9 exit LTHE exit LTHOVUEL

EVTAIRE e

alpha = 0.001
beta = 1e-5
V| 10BTEY—F
_____________________________________ W o g0.1 -10.672348
: i ; " |1 g0.2  -9.999554
exit SOUEXIt g2 ba |2 g03 -9.672348
. \ '3 g0.4  -1.9998592
+ O(1) | S(l) T(l) o4 g0.5 -2.999698
. | 5 g0.6  -3.9999104
I | 6 0.7 -8.999554
: P(1) S(X) > TX) |7 30.8 -7.999791
/ S(2) (2 '8 g0.9  -6.999791
: ! "9 g0.10 -5.999791
PA) — PO, 7 (2) | 10 go11 -4999701
| ! | 11 g0.12 -3.9999104
. l ! | 12 g0.13 -2.9999108
: l _ . 'l 13 0.14 -1.9999702
| O(1) ! Q1) — R(1) > T3 — T(3) | 14 80.15 -1.0
\ / 1| 15 gl.l -5.0088024
____________________________________ | 16 gl.2  -0.103944704
| 17 g1.3 -3.6178486
/18 gl4 -2.6178486
P(2) — Q(2) > R(2) - S(3) = T(4)—~ U(1) — V(1) = W(1) » X(1) > G(1) 10 15 16178471
/|20 g1.6 -6.962229
_______________________________________________________________________________________________ -7 |21 g21 -6.8604856
22 2.2  -0.51465994
gl base (-3/6 + -4/6 + -5/2) | (5/6) + -1 =-5.4, g2 base: -54 +-1+-0.1=-6.5 23§23 19135033

call(g2) D& : -1 +-6.86 * (1/3) + -1 * (2/3) + -6.5--5.4 =-5.05
call(gl) DfEfE: -1 + -5* (1/2) + -3.6 * (1/2) + -5.4 - -1 =-9.7

gl M5 exit TAMIE: -1 + (-10.7 + -10)/2 - -5.4 + -1 = -6.95

g2 M5 exit T AME: -1 + -6.96 + -5.4 - -6.5 = -6.86
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P(1)

T X ~10 %E%éﬁmﬂf.i

I
I
I
I
\

/

P(2) —~ P(X)

T HTI—FQ(H+)

Q(x)

exit(E(x))

______________________

O LYk =EHERE Sarsa

G(1)

setRulesName( go");

rule(w(a(l P)), g0,
rule(w(a(1,Q)), g0,
rule(w(a(1,E)), g0,
//

rule(w(a(1,P)), go,
rule(w(a(2,P)), go,
/7 Q(2) -> R(2)
rule(w(a(2,Q)), g0,
rule(w(a(2,R)), go,
// E(2) -> Q(2)
rule(w(a(2,E)), go,
rule(w(a(2,Q)), g0,
rule(w(a(1,R)), g0,

setRulesName("gl");
rule(w(a(x,P)), gi,
rule(w(a(x,P)), gi,

call(gl));
set(a(1,6)));
set(a(1,6)));

set(a(2,P)));
call(gl));

-> G(1)

set(a(2,R)));
set(a(1,6)));

-> R(1) -> G(1)

set(a(2,Q0)));
set(a(1,R)));
set(a(1,6)));

set(a(x,Q)));

exit(a(x,E)));

/1
/] 2
// 3

/] 4
/5

// 6
/17

// 8
//9
// 1@

alpha=0.001
Q(2) —~ R(1) bg[azle-S

i 10/ IEY—R&E

L OFUHLEFDOEEE -
TOMUHLKOE%E -3

g0.1
g0.2
g0.3
g0.4
g0.5
g0.6
g0.7
g0.8
g0.9
g0.10
gl.1
gl.2

PP OOO~NOOSWNEO

= O

-3.7531724
-0.9999702
-0.9999702
-5.75141
-4.754573
-1.9999106
-0.9999702
-2.9997916
-1.9999106
-0.9999702
-0.9999702
-0.5189541

exit(E(x)) D >HEE -1 + ((-1--2) +(-3--3)/2=-0.5
FOFUCHLOME -1+ ((-1+-0.5)/2+-2)=-3.75
TORUVHELOME -1+ ((-1+-05)/2+-3)=-4.75
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TA MO FBHOMFPUHELXAK £ TAHLO

setRulesName("g0");
//
rule(w(a(1,P)), g0, call(gl));
rule(w(a(1,Q)), g0, set(a(1,6)));
rule(w(a(1,E)), g0, set(a(1,6)));
//
rule(w(a(1,P)), g0, set(a(2,P)));
rule(w(a(2,P)), g0, call(gl));
// Q(2) -> R(2) -> G(1)
rule(w(a(2,Q)), g0, set(a(2,R)));
rule(w(a(2,R)), g0, set(a(1,6)));
/7 E(2) ->Q(2) -> R(1) -> G(1)
. rule(w(a(2,E)), g0, set(a(2,Q)));
exit(E(x)) rule(w(a(2,0)), g8, set(a(1,R)));
N

rule(w(a(1,R)), g0, set(a(1,G)));

-
4
/

tRulesName("gl");
G(l) iﬁle?W?:(iTE))? gl, set(a(x,Q)));
P(]_) rule(w(a(x,P)), g1, exit(a(x,E)));
return
THIL—FOH) h 0 g0l -3.496153
] FIN—F2QM) ‘: bha=0.001 1 g0.2  -1.0
! . alpha=0. 2 g0.3  -1.0
1
: Q(X) : Q(z) - R(l) beta:le_s 3 g0.4 -5.999791
i | $10BIEY—FS2E |5 oo 19000702
1 113 go. -1.
P(2) ! P(X) l 6 g0.7 -1.0
: ! 7 g0.8  -2.9999108
- exit(E(x)) ) 8  g0.9 -1.9999702
' v 9 g0.10 -1.0
"""""""""""" 10  gll -1.0001788
E(2) 11 gl2 -0.51904476

FOFUHLOMEE (4+-3)/2 =-35
TOMUOHLOHEE ((5+-5)/2=-5
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