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Simplified Minesweeper

© Assume a mine is located at one of positions 1...5.

@ Its presence at position m is detectable at positions m+ 1 and
m — 1 (if in the field).

© Task: Solve the minesweeper problem — find the mine.
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Simplified Minesweeper [l

Approach

Q p(m) is the probability that the mine is at location m.
Q If we do not know anything, by symmetry: p(m) = 1/5.

© For a detection d; at position i which can assume the values
{boom!,detect,nothing}, we have:

o(dilm) = {1 if di = £(m, i)

0 else
where
boom! ifm=i
f(m,i) = { detect if|i—m|=1

nothing else.
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Simplified Minesweeper Il

Uncovering

0 Assume we decide to uncover position i = 2, we have observed dp which is nothing.
g Note that for each m, because of Bayes:

plmldb) = — plea|m)p(m)

1
—1
— 7 {»(dz|m)|m:1 2. plaalm)

e Reminder

1

1 1 1
m=2 g’ plda|m)],_5 - 5 p(da|m)] g - 5 p(da|m)|,_g - 5

)1 ifdp = f(m, i) boom! ifm=i
p(dilm) = {0 else f(m,i) = < detect if|i—m|=1

nothing else.

p(m|dy) = 271 . [0,0,0,0.2,0.2]

(1)
[0,0,0,0.5,0.5]
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Simplified Minesweeper IV

Uncovering

0 Assume we decide to uncover position i = 2, we have observed d» which is detect.

g For each m (Bayes):

p(mldh) = — (el m)p(m)

1 1
-1
— 7 {p(dﬂm)lmz1 L T | NP CA T -

g Reminder

-
-
-

1 ifd; = f(m,i) boom! ifm=i
0 else f(m,i) = S detect if|[i—m| =1
nothing else.

p(dj|m) = {

o

z71.[0.2,0,0.2,0,0]
= [0.5,0,0.5,0, 0]

p(m|d2)
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Simplified Minesweeper V

Uncovering

0 Assume we decide to uncover position i = 1, we have observed d> which is detect.

g For each m (Bayes):

p(mldh) = — (el m)p(m)

1 1
-1
— 7 {p(dﬂm)lmz1 L T | NP CA T -

g Reminder

-
-
-

1 ifd; = f(m,i) boom! ifm=i
0 else f(m,i) = S detect if|[i—m| =1
nothing else.

p(dj|m) = {

o

p(m|dp) = 271 - [0,0.2,0,0,0]
= [0,1,0,0,0]
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Homework

Check (Russell and Norvig 2002) Wumpus World Revisited,
probabilistic treatment of the wumpus world.
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Monty Hall Problem

Dude, Where Is My Car? (Monty Hall Problem)
Blackboard/Practical
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Monty Hall (Python) |

import psyco

from random import *

from rational import Rational
psyco.full()

# in-line operation - rare use of side effect

def normalize(prob):
Z = float (sum(prob[outcome]
for outcome in prob))
for outcome in prob:
probloutcome] /= Z

# main
p=1{r
pl"cso"] = {} # a joint probability for c,s,o, in this order

for run in xrange(1000000) :
doors = set(range(1,4))
car = sample(doors,1) [0] # sample and pick
select = sample(doors,1)[0]

open_door = sample(doors - set([car, select]), 1).pop()
outcome = (car, select, open_door)
if not outcome in p["cso"]:

pl"cso"] [outcome] = 0
pl"cso"] [outcome] += 1
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Monty Hall (Python) Il

# normalize
normalize(p["cso"])
# seek: probability of where car is, conditioned on observed moves
# for this, we need p(s,o)
pl"so"] = {}
for car, select, open_door in p["cso"]:

observation = select, open_door

if not observation in p["so"]:

pl["so"] [observation] = 0

pl["so"] [observation] += 1
normalize(p["so"])
# conditional
pl'clso"] = {}
for car, select, open_door in p["cso"]:

outcome = car, select, open_door

pl"clso"] [outcome] = p["cso"][outcome] / p["so"][select, open_door]
for car, select, open_door in p["cl|so"]:

if (select, open_door) == (1, 2)
print car, p["c|so"][car, select, open_door]
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Alternative Probability Classes (sampler.py)

class Sampler:
def __init__(self):
self.n = {}

def __getitem__(self, x):
return self.n[x]

de

=Y

observe(self, x):

n = self.n

if not x in n: n[x] =0
nfx] += 1
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Alternative Probability Classes (prob2.py)

from sampler import *

class Prob:
def __init__(self, sampler = None):
if not sampler:
self.p = {}
else:
self.p = dict((x, sampler[x]) for x in sampler.n)
self.normalized = False

def __getitem__(self, x):
self.normalize()
return self.p[x]

def __setitem__(self, x, p):
self.p[x] =p
self.normalized = False

def __repr__(self):
self.normalize()
p = self.p
name = tuple(self.
return "\n".join(["%

dict__)[0]
s(hs) = %£" % (name, str(x), plx]) for x in pl)

de

=Y

normalize(self):

if self.normalized: return

p = self.p

Z = float(sum(p[x] for x in p))
for x in p: plx] /= 2
self.normalized = True
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Usage of Alternative Probability Classes

from prob2 import *
import random

sampler = Sampler()
for i in xrange(100000) :
die = random.randint(1,6)

sampler.observe(die)

p = Prob(sampler)

print p
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