HOW I LEARNED TO ESCAPE THE MONSTER

ISAAC J. LEE

ABsTrRACT. We consider a discrete variation of the princess and monster game
and use Q-learning to safely guide the princess to the exit. The princess keeps
an optimal policy for each possible state the monster can be in, and her policy is
to use the optimal policy corresponding to the state the monster is in currently.
We look at how the learning parameter A and the number of monsters present
affect the princess’ rate of success from simulations.

Keywords and Phrases: reinforcement learning, Q-learning, princess and monster
game

1. INTRODUCTION

Reinforcement naturally appears when an organism learns from interacting with
an environment: a rat in a Skinner box presses down a lever to acquire food or
to avoid being shocked, a child says politely “hello” for social acceptance or “thank
you” in return for a candy for future, possibly greater gifts, a person drinks to spend
a good time with his mates or to put aside his troubles for awhile, etc.

Reinforcement learning (RL) concerns “how to map situations to actions [...] to
maximize a numerical reward signal” [3]. The learner is not explicitly told what
actions to take and what not to take, but instead discovers through trial-and-error
interactions with the environment the action that will maximize his reward.

RL is different from supervised learning, in which a supervisor gives the learner
sets of input and output. The learner attempts to define a relation between them
so that he can respond on his own to future input. We already see limitations to
this approach. The supervisor must provide “examples of desired behavior that are
both correct and representative of all the situations in which the agent has to act”
for a successful learning to occur [3]. Would it not be better if we let the agent roam
around an environment and learn from his own accomplishments and mistakes?

Among many methods to implement RL, such as policy or value iteration, TD()),
and residual algorithms, we consider @-learning, which is known for easiness of
implementation [3, 2]:

Q(s¢t, a) « Q(s¢, ag) + afripr + - mar {Q(St41, a)} — Q(se, ay)] -

In a sense, the value of @ tells the agent how good his action a; is given the state
S¢. So when the @) values are ‘“nearly converged to their optimal values,” he is “to
act greedily, taking, in each situation, the action with the highest @ value” [2]. In
the simulations, if there were multiple actions all leading to the highest ) value, we
let the princess randomly choose one, thereby allowing some degree of exploration.

RL has been applied extensively in artificial intelligence. For example, Tesauro’s
TD-Gammon uses a neural network to approximate the value function and plays
backgammon (which has “approximately 1020 states”) at a near-expert level [5, 2.
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Schaal and Atkeson taught a robot to juggle a devil-stick, which is “a complex non-
linear control task involving a six-dimensional state space and less than 200 msecs
per control decision,” whereas Crites and Barto simulated an “elevator dispatching
task [...] to minimize the average squared wait time for passengers” [2].

Now, the princess and monster game originates from Rufus Isaacs’ book Differ-
ential Games. The princess and the monster move in a bounded region, and each
player cannot see the other until the distance between them is less than a fixed
constant, at which the capture occurs [1]. We consider a discrete variation of the
game, described in detail below.

2. THE PROBLEM

There is a finite set of rooms #Z = {0, 1, ---, N — 1}. The game starts with
the princess and the monster in different rooms, with the princess in a room other
than the exit (room 0). At discrete times ¢t =0, 1, - - -, they remain inside a room.

Between ¢ and ¢ + 1, the monster moves to an adjacent room in a fierce search of
the princess, whereas the princess can move to an adjacent room to look for room 0
or choose to stay where she was at time ¢. No light has dared to enter this fortress
in which she is held captive. So even should they pass by a nick while they move to
another room, they do not recognize each other. At the discrete times, the monster
does not know where she is (unless they happen to be in the same room), but the
princess is sage and knows where the monster is. If the princess reaches room 0
(regardless of whether the monster is there also), she will have successfully escaped
the monster’s gripes and will live happily ever after with a typical, charming prince.
If the princess and the monster are in the same room any time before, well, things
will be very grim.

The princess uses QQ-learning to learn what action to take when she is in room 0
(stay in room 0, clearly) and when the monster is in room 1, --- , N — 1 at time ¢.
For each of these N cases, she considers the transition rule [4]

Q(s¢, ar) = R(s¢, ay) +v-mawa,, {Q(s141, at41)},

Q, the value of the princess’ experience from (s;, a:)

R,  the reward she gets from (s, a;)

st,  the state (room) she is in at time ¢

at,  the action she takes (to which possible room?) at time ¢
v, a learning parameter (0 <y < 1)

S¢+1, the state she will be in at time ¢ + 1 after a; is taken

at+1, the action she can take at time ¢ + 1 once s;y1 is reached.

@ is initially set to 0, i.e. the princess has no experience with the environment.
The parameter ~ is such that if ~ is close to 0, she tends to consider immediate
reward, and if 7 is close to 1, she will consider future reward with greater weight
[4]. (For v > 1, @ diverges.) We assign a value of reward > 0 to R if an action
takes us to room 0, and of penalty < 0 if it takes us to a room with the monster.

We note that the rooms and their adjacency can be represented as a graph. So @
and R can be represented as a matrix in which the rows and columns indicate the
rooms the princess is in before and after the transition, respectively. In particular,
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the graph will often be sparse (a room is unlikely connected to many other rooms),
so we consider () and R as sparse matrices, i.e. store each as three vectors (two
index vectors, one value vector).

After a series of trainings, the princess embarks on escaping from the fortress.
She uses her knowledge of the whereabouts of the monster to choose the @ function
that was designed for that particular case and then follow the optimal policy. We
look at all (N —1)? possible starting positions of the princess and the monster, and
count how many times she has escaped.

3. EXAMPLES

We consider two distinct maps and look at subcases. All our simulations involved
reward = 400, penalty = —2000.

Example 1. Consider the map in Figure 1.
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Figure 1. |%Z| =6
To demonstrate how (-learning works, we take v = 0.8 and consider what to do
when the monster is in room 2. Initially,

0 0 0 0 400 —2000 O
1 0 0 0 0
Q= 2 0 0 0 » BR= | —2000 —2000 —2000
3 0 0 0 0 400 0 0 0
4 0 0 0 O —2000 O 0 0
5 0 0 0 0

An empty cell in the matrices @ = [¢;;] and R = [r;;] indicates that rooms i
and j are not adjacent. Recall, we store @) and R above in sparse format to save
resources. Let us begin the training. Suppose the princess is in room 3 and takes
the action to move to room 0. Then,

Q(3,0) = R(3,0) + 0.8 - mazq, , {Q(0, ar+1)}
=400 + 0.8 - maz{Q(0, 0), Q(0, 2), Q(0, 3)}
=400+0.8-0
= 400.



So @ is now,

0 0 0
0 0
0 0 0
@ 400 0 0 0
0 0 0 O
0 O

Now, suppose in our second training, the princess is in room 4 and takes the
action to move to room 3. Then,

Q(4,3) = R(4, 3) + 0.8 - mazq, , {Q(3, ar+1)}
=0+0.8-max{Q(3, 0), Q(3, 1), Q(3, 3), Q(3, 4)}

=0+ 0.8-400
= 320.
and
0 0 0
0 0
0 0 0
Q=140 o 0 0
0 320 0 0
0 0

Note that in the training scenario above, we just happen to have chosen the best
action for the princess when she is in rooms 3 and 4 to illustrate how the values
of @ are updated. In practice, out of the possible actions a;, she would randomly
select one and gain experience (i.e. update @ accordingly), leading her to perform
that action or not during the real run. Given enough training (1000 iterations is
sufficient for this example), we will get

2000 —2320 1600
1280 1600
—400 —2320 —720
@ 2000 1280 1600 1280
—2320 1600 1280 1024

1280 1024

So when the monster is in room 2, the princess’ optimal policy is as follows: If
she is in room 0, then stay in room 0 (obvious). If she is in room 1 (3, 4, 5), then
move to room 3 (0, 3, 4). Note, we easily see from the transition rule that once @
converges, sup{q;;} = reward/(1 — ). We similarly find an optimal policy for the
case that the princess is in room 0 and the case that the monster is in room 1, 3,
4, or 5.

Table 1 records the number of times the princess has escaped the monster for
v = 0.2,04, 0.6, 0.8 (trainingSize = 20000, trialSize = 10000). The rows and
columns denote in which room the princess and the monster began, respectively.

v=0.2: v=0.4:

05051 ———— 10000 03741 06510 10000 04864 ———— 10000 03813 06670 10000
10000 10000 ———— 10000 10000 10000 10000 10000 ———— 10000 10000 10000
10000 10000 10000 ————— 10000 10000 10000 10000 10000 ———— 10000 10000
04269 04836 10000 10000 ————— 10000 04532 04755 10000 10000 ————— 10000
10000 10000 02051 02966 01791 ———— 10000 10000 01997 03064 01719 ————



v = 0.6: v =0.8:

04791 ———— 10000 03801 06676 10000 04877 ———— 10000 03854 06731 10000
10000 10000 ——— 10000 10000 10000 10000 10000 ——— 10000 10000 10000
10000 10000 10000 ———— 10000 10000 10000 10000 10000 ———— 10000 10000
04711 04709 10000 10000 ———— 10000 04575 04640 10000 10000 ———— 10000
10000 10000 02064 03079 01736 ———— 10000 10000 02067 03055 01720 ————

Table 1. |#Z| =6, v = 0.2, 0.4, 0.6, 0.8
We want to compare how well the princess has fared for different values of ~.
So for each ~, we create 11 bins (0%, 10%, ---, 100%) and find what proportion
falls into each bin. We use the floor function for categorization; for example, 05051
and 03741 under v = 0.2 would fall into the 50% and the 30% bin, respectively.
We then make a “reverse” ogive (i.e. 1 - cdf) to easily see the probability that the
princess’ success rate is a given percentage or higher. We get the following:

red (0.2), magenta (0.4), green (0.8), bive (0.8)
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Figure 2. |#| = 6, 1 monster
Note that the distributions for v = 0.6 and v = 0.8 come out to be the same,
so the graph for v = 0.6 (green) is overlaid by that for v = 0.8 (blue). We see
little variation among the graphs, but because we have a small sample size of
(N —1)? = 25, with most samples in the 100% bin, it is difficult to tell whether ~y
truly has no effect on the princess’ success rate.

Example 2. Consider a more elaborate map in Figure 3.

After training, the princess comes up with 30 optimal policies (trainingSize =
20000): one to be used when she is in room 0 and the other 29 corresponding to
which room the monster is in. As before, we perform trialSize = 10000 trials for
~v=0.2,0.4, 0.6, 0.8 (Tables 2-1, 2-2). For each v, we create 21 bins (0%, 5%, - -
100%) and find the reverse ogive (Figure 4).

Let us up the ante and place the princess against two monsters. (Here, we only
consider the case where she begins in room 29.) The setting is similar. Neither
monster begins in the same room as the princess, and their movements are inde-
pendent of one another’s. At each discrete time, she uses one of (N — 1)? = 841
optimal policies that corresponds to the locations of the monsters. She must get to
room 0 without being caught by either. We get Table 2-3, 2-4 and Figure 5.

)
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Figure 4. |#Z| = 30, 1 monster

red (0.2), magenta (0.4), green (0.8), bive (0.8)

06 — -

o |- \ _

success rate

Figure 5. |%Z| = 30, 2 monsters

In both Figures 4 and 5, we see that the princess markedly underperforms with
~v = 0.2, i.e. when she heavily focuses on the immediate reward. (With two monsters
roaming around, the probability that she escapes at least half the time is 0! She
does a better job for v = 0.4, 0.6, 0.8, but the probability that she escapes two
monsters at least half the time is only mid-30%.)

This makes sense. Before, in Example 1, the rooms were close to one another,
so the likelihood of her ending up in the same room with the monster would be
consistent across v. Now, there are more rooms and they are more spread apart
from one another. In particular, the princess must go through rooms 10 and 22 on
her way to room 0, and these two rooms have a high degree of 10 and 5, respectively.
The monster, who always moves during transition, would likely end up in either of
these two rooms, so she would have to give more weight to the future reward.
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The distributions for v = 0.4, 0.6, 0.8 are much the same, suggesting there may
be a threshold v* under her policy such that we do not see any drastic improvement
in her success rate for v > v*. From Tables 2-3 (v = 0.4) and 2-4 (y = 0.6, 0.8),
we see that the princess never succeeded in escaping when either monster was in
room 28, for then they would both be in room 22 after transition. In addition to
the monster’s current state, if she can deliberate the actions that the monster can
make and avoid actions that are risky, she may have a better chance of escape.

4. CONCLUSION

We considered a discrete variation of the princess and monster game. The
princess, who used @-learning to learn the environment, kept a record of the opti-
mal move for all possible positions that the monster(s) could be in and followed it
at discrete times to get to room O.

We observed from the simulations that for a map with a small number of rooms
with approximately equal number of degree, the value of v did not seem to provide
her any more or less advantage. However, for a map with a large number of rooms
with some having higher degree than do others, a ~y close to 0 lowered her chance
of escape. From this second map, we concluded that there may be a threshold ~*
such that there is no drastic improvement in her success rate for v > ~*.

We note that Figures 2, 4, and 5 do not tell us the entire story, for we treated
the samples as if they came from a homogeneous pool. In actuality, some samples
were obtained when the game began with the princess and the monster close to
each other (e.g. in room 29 and room 28, respectively), whereas others when they
were far away from each other. Furthermore, the number of rooms to which a room
is adjacent (i.e. the degree) may play a factor as well.

We leave two main questions in the hands of the brave knights. First, we would
like to find out if such +* exists and what its value is, analytically or empirically.
Whether +* depends on the number of monsters present, and if so, how we can
efficiently store and compute the data whose size grows exponentially, are related
to this problem. Secondly, because the monster randomly moves to one of the
adjacent rooms, the princess may want to consider not only the optimal policy for
the room the monster is in at time ¢, but also the room the monster can be in at
time ¢ + 1. We seek to know whether this policy or some other can improve her
success rate so that she may live happily ever after.
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0000T
0000T
0000T
0000T

ETEED
Z9EE0
06E¥0
Tagt0
6520
€810
pracidy]
690¢0
24250
92990
996¢0
93610
2990
99% 40
ET6V0
6rL0
TL280
S0¢S0
0000T
T¥TS0
0000T
0000T
0000T
0000T
0000T
0000T
0000T
0000T

Br0s0
FOTSO
$6090
89TS0
SCE90
69290
69TS0
BEFPO
00000
L88E0
00000
00000
€6.LE0
€LTS0
00000
BLESO
00000
00000

0000T

tTTS0
SCTS0
04190
0TS0
T9T90
0EE90
9TCS0
Tvb0
00000
SE6E0
00000
00000
B96E0
ZTES0

0000T

6450
00850
TS090
£0T90
6090
££090
TZEQO
<8050
9500
98Tr0
0660
ZT.E0
£r0¥0
B859%0
66TS0O
TPOv0
FrLEO
ELL%0
9rLE0

0000T

<0650
6850
0650
6TT90
L0650
98650
£ZE90
OFTSO
CSLe0
S9EV0
0r0%0
B/BED
586€0
B65F0
BrZSO

0000T

89050
6ZTS0
9%Z90
68050
€5290
S6T90
98050
0L4F0
00000
oree0
00000
00000
£TLE0
ZELS0
00000
LETS0
00000
00000
00000
0000T
00001
0000T
0000T
0000T
0000T
0000T
0000T
0000T

£0T50
#6050
SET90
60Z50
9/190
00290
G8TS0
8Z¥r0
00000
G66E0
00000
00000
9260
79750
00000
SOES0
00000
00000
00000
0000T
00001
0000T
0000T
0000T
0000T
0000T
0000T
0000T

67980
42980
L8¥Y0
§3980
30
Z6EVO
9980
S09£0
0000T
869£0
0000T
0000T
6£9E0
0F9£0
0000T
S69€0
0000T
0000T
0000T
96.%0
0000T
00000

0000T
0000T

5480
0£380
SFY0
9v.280
93540
89F70
£2980
ZESED
0000T
9T9E0
0000T
0000T
0T9E0
084£0
0000T
S09¢0
0000T
0000T

0000T

6OEFD
BESHD
££6.40
£ZERD
ZST80
68T80
POVED
ZT80
8..80
S5P80
ZE9E0
FOVED
£2¥80
06./80
£19E0
06480
89/£0
LTLED
SviE0
0000T
908E0
6920
99620

6TT60

SOTRO
PLTHOD
26440
PIEFD
81640
8080
£6£F0
S0t80
¥L9E0
CEPS0
LT8EQ
Fr9E0
BEERO
ZT480
SZ9t0
29480
£89€0
669E0
Sr9t0
0000T

TZZ60

[47474]
0
TOZ60
[A27!]
60260
95260
900
0000T
LBESO
0000T
8LE50
SO1r50
0000T
0000T
TrrSo
0000T
62650
orrso
62950
0000T
85650
0000T
0000T
00000

98890

LECPO
€8Z¥0
96160
PSEPO
£2260
0TZ60
99EP0
0000T
92550
0000T
TiFS0
26250
0000T
0000T
BRSO
0000T
SLL50
0850
S5250
0000T
89250
0000T
0000T
00000

8290

0.6 (top), 0.8 (bottom)

30, 1 monster, ~y

Table 2-2. |Z|

10



00000
0000T

T8t00
#6120
T5ETO
66220
£.T20
9TPTO0
8ET0
S66TO
2LE20
9/6T0
Z6TZ0
£4220
CE920
696T0
w90
$08TO
£8TTO
C8LTO
29920
9//T0
56920
0420
918TO
Te6T0
62420
TE420
P88T0
€2420
28870

00000
EVIS0

00020
BESHO
£2020

TL600
EEETO
ZTETO
86CTO
TOETO
SLPTO
SO0TO
6810
CELTO
T68TO
tTLT0
6.8T0
L¥LTO
9/6T0
608TO
STSTO
€9FTO
YI8TO
£85TO
94LT0
rOLTO
STLTO
TFLT0
66610
¥SOTO
0T.TO
/8610
08910
TR6TO

0000T

00000
0000T

45PP0
0000T
9LERD

98500
£Z520
9TPTO
PISZ0
ZT520
9T
00TZ0
ZTE20
£9.20
45220
£8%20
[4 ST4Y]
66620
0£2Z0
STHZ0
#6020
ZEETO
00020
£2820
8/6T0
10L0
29620
05TZ0
AVLL0
8620
88620
£0Z20
#8820
86120

00000
£9/90

BT0E0
TS890
8E670

9T0TO
£Z8T0
9910
SPITO
£19T0
2510
9EETO0
TOTZ0
Faerdi]
65020
T#0Z0
#5020
80TL0
60270
20TZ0
7020
L4710
<0020
PSOTO
Z10Z0
EB6T0
£2020
S+0Z0
85220
<T0Z0
$66T0
[J4441)
E£T0Z0
96TZ0

9T#P0

9SE£00
TETZ0
Y9010
69TZ0
0FZZ0
0910
24610
68610
65¥E0
01020
B8ELZO
8TLE0
05920
98810
92920
6910
05600
S89T0
S09Z0
9Z2.T0
¢0Le0
06%20
6T8TO
0.8T0
6220
00£20
£TLTO
6/920
9T6TO

00000
£2£50

8CEC0
95250
Tiv20

99TT0
¥L220
£58T0
0ZET0
arEi0
¢0TZ0
0T0Z0
950+0
c50v0
620%0
SEOF0
0700
000¥0
0TOF0
090%0
026£0
08520
£68E0
§28€0
Tr6E0
L4070
PETHO
SETKHO
80Zv0
£F0F0
#SOF0
966€0
980%0
8TIF0

00000
S0Z60

BE6ED
YE060
LE0F0

€6600
06920
TEBTO
06/70
TS8Z0
6VTZ0
05520
€E0F0
9EEVD
<0TrO
€5TrO
BLLVPO
0870
ATO0F0
€ESPO
SLIEQ
¥6ETO
S6LEO
BLEPO
TIBED
50970
095k0
+06E0
£L070
850
86570
9C6E0
€SSP0
05070

01920
Z/090
48620

€9TT0
86220
05610
€9£Z0
LZE20
TT0L0
£2020
TTO¥0
£L86£0
LP6ED
920¥0
LPOV0
0800
£80+0
CETVO
0T6£0
¥l520
T8BED
806£0
6Z6E0
1S0v0
LETHO
T6TFO
80Z¥0
#Z0¥0
990%0
6ETFO
S9TH0
SFIv0

01890

6ZTT0
orreo
2LLTO
69520
S$PS20
Z66T0
#8120
£86£0
Z9TH0
0T0%0
0T0+0
SPOP0
SELVD
¥96£0
9EEVD
9£/£0
Z8+20
00880
0.TH0
TTLE0
94Z¥0
S6THD
130+0
CIIvD
TECHD
¥9Z¥0
SS0v0
LETP0
£¥0¥0

00000
4080

6/0T0
4 di]
£46T0
S2/20
£9970
20TC0
£2E20
0/0+0
2520
$66€0
ZITr0
L9TP0
00¥P0
+OTFO
08EFO
/€0
£6¥Z0
PS8EQ
PZIP0
608E0
£SPFO
9L¥0
8S0¥0
09TF0
Trbr0
205+0
080F0
86EH0
£20%0

00000
0000T

00000
££950

86¥C0
69550
££¥20

00000
0000T

F55%0
0000T
08570

00000
£9££0

IPETO
#5610
6810
66020
+8020
£8020
£89T0
086£0
T69£0
T80
£96£0
£86£0
T9.L€0
2500
TELED
£Z8E0
1120
£8BED
TISE0
088£0
£89£0
T/9£0
6ZTF0
STZv0
TZ.E0
#99£0
LLTRO
€990
#9T#0

00000
Z£9T0

69TTO
60ZT0
8rSTO
TELTO
04210
STPT0
S80T0
89720
0TET0
L0
PrEL0
06€Z0
£5220
9T9Z0
86TZ0
£4¥20
Z89T0
99120
S96T0
L1620
6020
BEOLD
06TZ0
18920
BSTE0
11220
5520
08¢Z0
26920

00000
11960

LTERO
TLS60
88ZF0

6600
ST.20
0Z.T0
€260
8820
9.6T0
<65S¢0
.60
£TEVD
€680
96070
TPIF0
FISP0
£L8E0
TPSw0
£65£0
97020
PESEOQ
T8ZF0
T8FE0
c9s¥0
Tipr0
OTLE0
vE8E0
¥Z9r0
48570
vLLED
€TI%0
008€0

00000
8REE0

6LEVOD
0000T
T6EVO

TZ300
98820
o910
05820
09620
82020
80420
200¥0
STO0
££6E0
Lad 4l
TIEPO
65.70
TS8E0
69.70
£09£0
YIEZ0
YS90
£65P0
638SE0
L3870
793¥0
T6LED
SYeED
9E6F0
26870
8080
6T3%0
696£0

00000
9T8£0

SSSTO
€I6E0
STPT0

S8TLTO
ZP6T0
89870
<8020
0/020
SO0TZ0
8E8TO
900+0
066€0
280%0
ZP6ED
966£0
S68E0
192+0
99.£0
956£0
69620
870%0
60.€0
LEOFD
0e8E0
TZ€0
902+0
86e¥0
BELED
¥.8E0
CLTV0
1820
69EF0

0000T

05800
£6820
TL9T0
£T620
6¥620
096T0
£€2420
ST6E0
CESTO
066£0
LTEVOD
T6Cw0
618%v0
T/8€0
TEBTO
0T9£0
61ZZ0
829€0
FZor0
£09€0
CE0S0
LT6%0
£/8€0
£76E0
41080
£96%0
{86£0
9k610
£20%0

00000
0000T

QESYO
0000T
8LEFO

05800
0.820
PSLTO
8¥6Z0
62620
886T0
CELL0
7SOF0
0TS¥0
TITr0
0TZF0
TEERD
906%0
¥96£0
S9LP0
PTLE0
TZEZ0
POLED
PLLPO
Z69E0
v5er0
6E6F0
SOBED
6¥0v0
0.6%0
¥T0S0
240680
#0050
6.0¥0

00000
68£F0

54670
ETHPO
98610

Z9TTO0
2020
S66T0
00TZ0
65020
#6020
90810
£40%0
L840
TZTPO
8/6£0
20Tr0
B688E0
T42+0
7880
£90¥0
42420
TETFO
62260
Z80%0
0ELE0
£T6E0
EZEFOD
08EFO
9/8€0
0Z6£0
9LE¥0
ZTI8E0
Z6¥F0

00000
0000T

4800
£6820
C9LTO
6.0€0
6.0£0
8T0Z0
05920
ZE0F0
8OF Y0
26070
05Z¥0
TEEPD
SS6¥0
886E0
606170
0bLE0
ZETTO
LTLED
0£9%0
£9GE0
(4% 4]
8L6F0
0£8ED
896€0
2670
8.6%0
SFOvo
62050
8070

0.2 (top), 0.4 (bottom)

29, 2 monsters, v

i begins in

, princess

30

Table 2-3. |Z|
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00000
0000T

00000
66170

0000T

00000
0000T

00000
££490

00000
0E¥S0

00000
£¥Z60

00000
86T40

00000
£ZT80

00000
0000T

00000
£7950

00000
0000T

00000
£0Z£0

00000
85+T0

00000
rI60

00000
S8ZE0

00000
089£0

0000T

00000
0000T

00000
TIFF0

00000
0000T

0000T
£6ZF0

00000
0000T
CZEVD
0000T
0000T
96990
0000T
#0¥S0
LV T60
90090
9ETL0
91180
0000T
98€50
0000T
PRECO
0¥ST0
STEED
0960
LBEED
0000T
0000T
615H0
<5970
0000T
0000T
£09%0
0000T
96£¥0

00000
TEERO
TILTO
TOFPO
0To9r0
90ED
0ETRO
jaadi]
GL6E0
YLLZ0
60620
GO9ED
0LERD
€0SZ0
TESTO
LZSTO
6600
£59T0
/CRE0
065TO
9LFF0
Lagdid
TF6TO
L2020
SeCr0
€TTrO
05020
95eP0
SE0Z0

0000T

00000
0000T
SBERD
0000T
0000T
£6.£90
0000T
£2H#50
9¢T60
60650
T22L0
vCI80
0000T
6THS0
0000T
TREED
9/ST0
STPED
26960
0TVED
0000T
0000T
TEOFD
v0LPO
0000T
0000T
SEPRO
0000T
To¥F0

9T/90
620

00000
00890
Z0TE0
8990
12490
£85¥0
06490
86950
£4T90
L1820
82440
LTESO
££890
6£9£0
STZ90
€220
ETOTO
£6TZ0
Z0£90
ZZET0
#6590
#4990
BOTEO
j 4411}
£T/90
1+290
¥80L0
86/90
$£620

0000T
66TF0

00000
0000T
COEV0
0000T
0000T
99990
0000T
20750
o160
S0090
95TL0
o180
0000T
86560
0000T
0£EED
£8FTO
TLEED
£T960
6FEED
0000T
0000T
9190
60970
0000T
0000T
00970
0000T
TREYO

00000
68750
areco
LTS50
FLE80
ELLED
P0SS0
6T620
9260
6EZED
£04£0
8arr0
9vs0
E£TOE0
S9¥50
TTI6TO
#1600
T98TO
POLSO
C/8T0
74550
TTSS0
88920
0£920
TTSS0
S0£S0
20520
9TESo
21820

00000
£4T60
ard 0]
0FT60
T2T60
T6090
€TL60
1050
TrERD
80550
2990
0190
vLT60
BS6¥0
FETEO
£80E0
0SHTO
OTIED
21880
0ETED
65160
0ST60
STZ¥0
09er0
TOT60
£/680
B50P0
<8060
£/6E0

6T9Z0

00000
0T640
59220
8650
69650
6TOV0
/650
CZEE0
98v50
£85€0
60£¥0
£48%0
0£090
CGEE0
09090
85020
<600
£86TO
96240
11020
52450
£6850
£0920
€820
0T650
S¥090
52420
ZZT90
TZ920

00000
1140
TZOE0
06690
£1040
S0.¥0
0600
¥8/£0
T6290
LPEPD
88050
09650
£00£0
£98€0
CTITL0
SZkZ0
VEZTO
CPETO
67020
YREZ0
€6690
TE290
Z0EED
CEEED
$00£0
£0890
090£0
0690
£9Z£0

00000
9ET80
LPBEQ
+0OT80
16080
98¥S0
9£280
ErSE0
65520
£6870
650
06590
££E80
B0¥F0
€EC80
20820
06210
[43:1d1)
0T080
66420
CLe80
€EPR0
0680
Te0¥0
€£080
9€Z80
(44430
L€Z80
E£rSE0

00000
0000T
LLEVD
0000T
0000T
69.90
0000T
EVESO
S8T60
€6850
69T.0
25120
0000T
£08S0
0000T
TSZEO
06STO
T9EED
Th960
EZEED
0000T
0000T
860
CEIVD
0000T
0000T
LBEVOD
0000T
[393:0]

00000
£7FS0
£TS20
6IFS0
6IFS0

00000
0000T
89710
0000T
0000T
50890
0000T
L4FS0
66060
06850
0ZEL0
6T780
0000T
0TFSo
0000T
Z8PE0
6¥9T0
SSEED
85960
EBEEOD
00001
0000T
€05¥0
£L9¥0
0000T
0000T
66Fv0
0000T
SEEVD

00000
T9ZE0
08510
PIZEQ
9ZEE0
8PTL0
9620
£08T0
9¥0£0
98610
64220
£08¢0
T80
+68T0
PBIED
£90T0
99500
T60TO
90EE0
SITT0
PICED
652E0
Z8ST0
0SSTO
PPEED
0FFE0
T9vT0
GIEE0
ZTFT0

00000
26+T0
£2600
€4STO
£0ST0
TZ0TO
910
0£600
06€TO
S#600
63TI0
SECTO
8SSTO
SS800
PZSTO
£4¥00
20200
£Z500
Z9¢T0
20600
91ISTO
RCSTO
0TS00
9TL00
SLPT0
0SSTO
60900
TOSTO
97900

00000
15960
8TTFO
££960
£E960
S6E90
€r960
8IS0
<2830
LT850
1890
20640
88960
rSrSo
67960
£PZE0
L5FT0
SLIED
FEZ6O
£97E0
TL960
50260
LLEWD
9TS¥0
57960
T9960
SSEVO
BEIG0
09Zv0

00000
8FIED
985T0
CEZED
66TED
20220
L9ZE0
7LT0
04620
9T0Z0
8820
TLL20
£CZED
66.T0
TZZED
£9TT0
55500
60ZTO
0920
£60T0
LSZE0
C62ED
08+T0
STISTO
G9LED
GEEED
STFTO
GTEED
6¥FT0

BZEVO

00000
0000T
0L¥P0
0000T
0000T
22290
0000T
£5750
05T60
8650
T10£0
£9280
0000T
96+ S0
0000T
£8EE0
¥ISTO
TIFED
69960
9 rED
0000T
0000T
829%0
18570
0000T
0000T
LTSP0
0000T
08Z¥0

00000
BE6E0
9T8TO0
806£0
606£0
9520
8E9£0
20020
CBSE0
TL220
26420
<POL0
SERED
2020
86.L£0
P6ETO
2500
BSETO
228€0
Z8TTO
£6.480
£9/€0
¥TI8TO
#6910
9//€0
T16£0
<6910
950%0
965T0

0000T

02280
0000T
£T950
0000T
ZLZE0
86VT0
8BEEO
22960
BOEED
0000T
0000T
6TSYD
CE9¥0
0000T
0000T
95vv0
0000T
96Z%0

0000T
0£Zv0

00000
0000T
LELPD
0000T
0000T
€T30
0000T
0SESO
82060
v090
£90/0
CTL80
0000T
2¥¥S0
0000T
9LEED
865T0
9LEED
9£960
ZDEED
0000T
0000T
955+0
£T19%0
0000T
0000T
PSSP0
0000T
69EF0

LEERD
28410

00000
ovir0
0vT0
r0OSPO
ZESPO
PYOEQ
29v10
STFZ0
£90%0
98920
£22E0
S29€0
TS¥P0
6EVZO0
SISO
ZZSTO
21900
005TO
2ETP0
E4FTO
rOCr0
#SZP0
£0020
2020
8EP0
0E5¥0
100
LS00
£00Z0

0000T
08270

00000
0000T
6EV PO
0000T
0000T
Tra90
0000T
LEESO
9ET60
S6650
26040
£5T80
0000T
£9660
0000T
T6EED
ZESTO
CTEED
86960
LLEED
0000T
0000T
26570
£05170
0000T
0000T
LEPPO
0000T
£6EV0

0.6 (top), 0.8 (bottom)

29, 2 monsters, v

i begins in

, princess

30

Table 2-4. |Z|
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APPENDIX B. CODE (PRINCESS.JAVA)

1 |import java.io.x;

2 |import java.util.x;

3

4 | class Strategy {

5 // Store Q matriz in sparse format

6 private Vector rooms = mew Vector(); // Rooms

7 private Vector I = new Vector(); // Row indices

8 private Vector J = new Vector(); // Column indices

9 private Vector Q = new Vector(); // Q matriz

10 private Vector R = new Vector(); // R matriz

11 private double gamma;

12 private int penalty = —2000;

13

14 public Strategy(Vector rooms, Vector I, Vector J, Vector Q, Vector R, double

gamma ) {

15 this.rooms = rooms;

16 // Must do deep copy for Q and R

17 for (int k = 0; k < I.size(); k++) {

18 this.I.addElement (I.elementAt(k));

19 this.J.addElement (J.elementAt(k));

20 this .Q.addElement (Q.elementAt(k));

21 this .R.addElement (R.elementAt(k));

22 3

23 this .gamma = gamma;

24

25 public void addMonster(int monsterPosition) {

26 for (int k = 0; k < R.size(); k++) {

27 if (Integer.parselnt(I.elementAt(k).toString()) = monsterPosition ||

Integer . parselnt (J.elementAt(k).toString ()) = monsterPosition)

28 setR (penalty, k);

29 1

30 }

31 public void train () {

32 Random rand = new Random () ;

33 // This is the room we start from

34 int state = rand.nextInt(rooms.size ());

35 // Find all possible rooms we can move to

36 Vector possible]J = mew Vector();

37 Vector possiblelndices = new Vector();

38 for (int i = 0; i < T.size(); i++) {

39 if (Integer.parselnt(l.elementAt(i).toString()) = state) {

40 possibleJ .add(J.elementAt(i));

41 possiblelndices .add(i);

42

43 !

44 // This is the room we move to

45 int action = Integer.parselnt(possible]J.elementAt(rand.nextInt(possibleJ.
size ())).toString ());

46 int indexOfAction = Integer.parselnt(possiblelndices.elementAt(possiblelJ.
indexOf(action)).toString () );

47 possibleJ.removeAllElements () ;

48 possibleIndices .removeAllElements () ;

49

50 // Find all possible rooms we can move to once we made the action

51 Vector possibleQ = new Vector();

52 for (int i = 0; i < J.size(); i++) {

53 if (Integer.parselnt(I.elementAt(i).toString()) = action) {

54 possibleJ .add(J.elementAt(i));

55 possibleQ .add(Q.elementAt(i));

56 possiblelndices .add(i);

57 1

58 !

59

60 // Update Q

61 int newQValue = (int)Math.ceil(Integer.parselnt(R.elementAt(indexOfAction).
toString ()) + gamma * Integer.parselnt(Collections.max(possibleQ).
toString ()));

62 Q.setElementAt (newQValue, indexOfAction);

63

64 public int getPrincessMove(int princessPosition) {

65 Vector possibleQ = mew Vector();

66 Vector possiblelndices = new Vector ();

67 for (int i = 0; i < T.size(); i++) {

68 if (Integer.parselnt(I.elementAt(i).toString()) = princessPosition) {

69 possibleQ .add(Integer.parselnt (Q.elementAt(i).toString()));

70 possiblelndices .add(i);

71 3

72 !

73

74 // If there are multiple optimal moves possible, pick one randomly

13




75
76
7
78
79

80
81
82
83

84
85
86
87
88

90
91
92
93
94
95

96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

123
124
125
126
127
128
129
130
131
132
133
134
135

136
137
138
139
140
141
142

143
144
145
146
147
148

int maxQ = Integer.parselnt (Collections.max(possibleQ).toString());
Vector possibleOptimalMoves = new Vector () ;
for (int i = 0; i < possibleQ.size(); i++) {
if (Integer.parselnt(possibleQ.elementAt(i).toString()) =— maxQ) {
possibleOptimalMoves.add(Integer.parselnt(possibleIndices.elementAt (i
).toString ()));
}
}
Random rand = new Random () ;
return Integer.parselnt(J.elementAt(Integer.parselnt(possibleOptimalMoves.
elementAt(rand.nextInt (possibleOptimalMoves.size())).toString())).
toString ());

¥
public int getMonsterMove(int monsterPosition) {
Vector possiblelndices = new Vector();
for (int i = 0; i < I.size(); i++) {
// The monster moves to another room to capture the princess
if (Integer.parselnt(I.elementAt(i).toString()) = monsterPosition &&
Integer.parselnt (J.elementAt(i).toString()) != monsterPosition) {
possibleIndices .add(i);
}
}
Random rand = new Random () ;
return Integer.parselnt(J.elementAt(Integer.parselnt(possibleIndices.
elementAt(rand.nextInt (possibleIndices.size())).toString())).toString()
i

// Represent the vectors as a full matriz
public void full (boolean displayQ , boolean displayR) {
int [][] QFull = new int [rooms.size () ][rooms.size ()], RFull = new int[rooms.
size () ][rooms.size () ];

for (int k = 0; k < I.size(); k++) {
int i = Integer.parselnt(I.elementAt(k).toStrin
j = Integer .parselnt(J.elementAt(k).toString
q = Integer.parselnt (Q.elementAt(k).toString
r = Integer.parselnt (R.elementAt(k).toString
QFull[i][j] = a;
RFull[i][j] = r;

~—~—~0
— e~
NPNPNPIS

if (displayQ) {
System.out. println ("Q: ");
for (int i = 0; i < rooms.size(); i++) {
for (int j = 0; j < rooms.size (); j++)
System.out.print (QFull[i][j] + "\t");
System.out.print ("\n");

System.out. println ();

}
if (displayR) {
System.out.println ("R: ");
for (int i = 0; i < rooms.size(); i++) {
for (int j = 0; j < rooms.size(); j++)
System.out.print (RFull[i][j] + "\t");
System.out.print ("\n");
}

System.out.println ();

}
¥
private void setQ(int value, int index) { Q.setElementAt(value, index); }
private void setR(int value, int index) { R.setElementAt(value, index); }

}

public class Princess {
private static Vector<Strategy> strategies = mew Vector<Strategy >();

private static Vector rooms = new Vector(), I = new Vector(), J = new Vector ()
, Q = new Vector(), R = new Vector();
private static int reward = 400;
private static double gamma = .8;
private static int trainingSize = 20000, trialSize = 10000;
private static void add(String line) {
int from = Integer.parselnt(line.substring (0, line.indexOf(" "))),
to = Integer.parselnt(line.substring(line.indexOf(" ") 4+ 1, line.length

)
// Create edge (from, to)
I.add(from);
J.add(to);
Q.add (0);
R.add((to == 0) ? reward : 0);
// Create edge (to, from)
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149 I.add(to);

150 J.add(from) ;

151 Q.add (0);

152 R.add ((from =— 0) ? reward : 0);

153 // Create a loop (from, from)

154 if (rooms.indexOf(from) — —1) {

155 rooms.add (from) ;

156 I.add(from);

157 J.add(from) ;

158 Q.add (0);

159 R.add ((from == 0) 7?7 reward: 0);

160 1

161 // Create a loop (to, to)

162 if (rooms.indexOf(to) == —1) {

163 rooms.add(to);

164 I.add(to);

165 J.add(to);

166 Q.add(0);

167 R.add((to = 0) ? reward : 0);

168 1

169 }

170

171 public static void main(String [] args) {

172 // Read data file

173 try {

174 BufferedReader reader — new BufferedReader (new FileReader ("Data2.txt"));

175 add(reader.readLine());

176 String line;

177 while ((line = reader.readLine()) != null)

178 add(line);

179 System.out. println(I.toString());

180 System.out. println(J.toString ());

181 System.out. println (Q.toString ());

182 System.out. println (R.toString ());

183 reader.close ();

184 } catch (FileNotFoundException e) {

185 e.printStackTrace () ;

186 } catch (IOException e) {

187 e.printStackTrace () ;

188

189

190 // Instantiate

191 for (int k = 0; k < rooms.size (); k++) {

192 strategies .add(new Strategy(rooms, I, J, Q, R, gamma));

193 // Add a monster to every room ezcept the exzit rToom

194 if (k > 0)

195 strategies.elementAt(k).addMonster(k);

196 1

197

198 // Train

199 for (int k = 0; k < rooms.size(); k++) {

200 System.out.println ("Monster at: " + k);

201 for (int training = 1; training <= trainingSize; training++) {

202 strategies .elementAt(k).train ();

203 1

204 // Display strategy

205 strategies .elementAt(k).full (true, false);

206 1

207

208 // Simulate — I/0

209 /* int princessPosition = 0, monsterPosition = 0;

210 System .out.print("Enter the princess’ starting position: ");

211 try {

212 princessPosition = Integer.parselnt(new BufferedReader (new
InputStreamReader (System.in)).readLine());

213 } catch (IOEzception e)

214 e.printStackTrace () ;

215

216 System.out.print("Enter the monster’s starting position: ");

217 try {

218 monsterPosition = Integer.parselnt(new BufferedReader (new
InputStreamReader (System.in)).readLine());

219 } catch (IOEzception e) {

220 e.printStackTrace () ;

221 }

222 System .out.printin ("The princess is in room " + princessPosition + ". The

monster is in room " + monsterPosition + ".");

223 while (true) {

224 // If the princess escapes (room 0) or is captured, the round ends

225 if (princessPosition == 0) {

226 System.out.printin ("The princess has escaped from the fortress.");

227 break ;

228 } else if (princessPosition == monsterPosition) {
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229
230
231
232

233

234

235
236
237
238
239
240
241
242
243
244

245
246
247
248

249
250
251
252
253
254
255

256

257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274

System.out.println ("The princess has been captured by the monster.");

break ;
}
princessPosition = strategies.elementAt(monsterPosition).getOptimalMove (
princessPosition);
monsterPosition = strategies.elementAt(monsterPosition).getMonsterMove (
monsterPosition ) ;
System.out.printin("The princess is in room " + princessPosition + .
The monster is in room " + monsterPosition + ".");
}/
// Simulate — Auto
int princessPosition, monsterPosition;
int [][] numEscapes = new int[rooms.size ()][rooms.size()];
for (int i = 1; i < rooms.size(); i++)

for (int j = 0; j < rooms.size(); j++) {
// The princess and the monster start off in different rooms

if (i !'= j)
System.out.println ("The princess is in room " + i + ". The monster
is in room " + j 4+ ".");
for (int trial = 1; trial <= trialSize; trial++) {
princessPosition = i; monsterPosition = j;

while (true) {
// If the princess escapes (room 0) or is captured, the
round ends

if (princessPosition = 0)
numEscapes[i][j]++;
break;
} else if (princessPosition = monsterPosition) {
break;
}
princessPosition = strategies.elementAt(monsterPosition).
getPrincessMove (princessPosition);
monsterPosition = strategies.elementAt(monsterPosition).

getMonsterMove (monsterPosition) ;

}

// Display number of escapes made
for (int i = 0; i < rooms.size(); i++) {
for (int j = 0; j < rooms.size(); j++) {

if (i !'= 08&& i !I=

System .out.format ("%05d ", numEscapes[i][j]);
else

System.out.print ("——— ")

System.out. println ();

// INSTRUCTIONS: To run the game with two monsters, copy—paste the following four
blocks into Princess.java and replace the original ones.
// Instantiate
for (int k = 0; k < rooms.size (); k++) {
for (int 1 = 0; 1 < rooms.size(); I++) {

strategies .add(new Strategy (rooms, I, , Q, R, gamma));

// Add a monster to every room exzcept the exzit room

if (k>08&& 1 > 0) {

strategies.elementAt(k * rooms.size() + 1).addMonster(k);
strategies.elementAt(k * rooms.size() + 1).addMonster(1l);
System.out. println(k * rooms.size () + 1);
} else continue;
}
}
// Train
for (int k = 0; k < rooms.size (); k++) {
for (int 1 = 0; 1 < rooms.size(); 1++) {
System.out.println ("Monsters at: " + k + ", " + 1);
for (int training = 1; training <= trainingSize; training++4) {

strategies.elementAt(k x rooms.size() + 1).train();

// Display strategy
strategies.elementAt(k * rooms.size() + 1).full(true, false);
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// Simulate — Auto
int princessPosition = 29, monsterPosition, monster2Position;
int [][] numEscapes = new int[rooms.size () ][rooms.size () ];
for (int i = 0; i < rooms.size(); i++) {
for (int j = 0; j < rooms.size(); j++) {
princessPosition 29;
// The princess and the monster start off in different rooms
if (i != princessPosition && j != princessPosition) {
System.out. println ("The princess is in room " 4+ princessPosition +
". The monsters are in rooms " + i + ", " 4+ j 4 ".");
for (int trial = 1; trial <= trialSize; trial+4+4) {
princessPosition = 29; monsterPosition = i; monster2Position

13
while (true) {
// If the princess escapes (room 0) or is captured, the
round ends

if (princessPosition =— 0
numEscapes|[j|[k]++;
break;
} else if (princessPosition = monsterPosition ||
princessPosition = monster2Position) {
break;
}
princessPosition = strategies.elementAt(monsterPosition).
getPrincessMove (princessPosition);
monsterPosition = strategies.elementAt(monsterPosition).
getMonsterMove (monsterPosition) ;
monster2Position = strategies.elementAt(monsterPosition).

getMonsterMove (monster2Position);

}

// Display number of escapes made
for (int i = 0; i < rooms.size(); i++) {
for (int j = 0; j < rooms.size(); j++) {

if (i 1= 29 & j != 29)

System.out.format ("%05d ", numBEscapes[i][]j]);
else

System .out.print ("——— ");

}

System.out.println ();
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