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Homework 4: Distributions

Please turn in a single, printed, stapled, clearly readable document with all your answers,
including code and plots. Hand it in to 34-501 during Week 12 software lab, Nowv. 23.

1 Introduction

Doathrun 6.01 update to get the files for this lab, which will be in Desktop/6.01/1ab10/designLab/,
or get the software distribution from the course web page.

The relevant file in the distribution is:

e distSkeleton.py: a skeleton for implementing the DDist class and some handy utilities.

See the last section for information on debugging.

2 Part 1: Basic distributions

We are going to build a simple parameterized set of discrete distributions on integers, and a
method for combining them.

Read section 8.5 of the course readings on modeling with distributions.

Step 1. Define a procedure squareDist.
squareDist(lo, hi, loLimit = None, hilimit = Nome)

that constructs and returns an instance of dist .DDist that assigns the same probability value p
to each integer between 1o and hi-1, such that the distribution sums to 1. If loLimit is defined,
then do not assign any probability to values lower than 1oLimit; instead, assign any probability
that should go to a lower value to 1loLimit itself. So, for example, if 1o and hi are both less than
loLimit, then loLimit should be assigned probability 1. Or, for example, if a square distribution
is intended to have uniform probability over the range from 1 to 5 (each at 0.2) but a loLimit of
3 is provided, then the distribution would have values of 0.2 for elements 4 and 5, but probability
of 0.6 for element 3 since the probabilities for elements 1 and 2 are accumulated at this point. Treat
hiLimit similarly. There are some examples shown below that demonstrate this property. (The
motivation for this definition of limits will become clear in subsequent labs.)

Look at the documentation for the function util.clip. This should make handling loLimit
and hiLimit much easier.
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Define a procedure triangleDist.
triangleDist (peak, halfWidth, loLimit = None, hilimit = None)

where peak and halfWidth are integers. It should construct and return an instance of
dist.DDist, which has maximum probability value at peak and has linearly decreasing values
at each of halfWidth-1 points on either side of the peak. It should be clipped at loLimit and
hiLimit in a way similar to squareDist.

Here are some examples:

>>> squareDist(2, 4)

DDist(2: 0.500000, 3: 0.500000)

>>> squareDist(2, 5)

DDist(2: 0.333333, 3: 0.333333, 4: 0.333333)
>>> squareDist(2, 5, 0, 10)

DDist(2: 0.333333, 3: 0.333333, 4: 0.333333)
>>> squareDist(2, 5, 4, 10)

DDist(4: 1.000000)

>>> squareDist(2, 5, 3, 10)

DDist(3: 0.666667, 4: 0.333333)

>>> squareDist(2, 5, 6, 10)

DDist(6: 1.000000)

>>> triangleDist(5, 1)

DDist(5: 1)

>>> triangleDist (5, 2)

DDist(4: 0.250000, 5: 0.500000, 6: 0.250000)

>>> triangleDist(5, 3)

DDist(3: 0.111111, 4: 0.222222, 5: 0.333333, 6: 0.222222, 7: 0.111111)
>>> triangleDist(5, 3, 0, 10)

DDist(3: 0.111111, 4: 0.222222, 5: 0.333333, 6: 0.222222, 7: 0.111111)
>>> triangleDist(5, 3, 3, 10)

DDist(3: 0.111111, 4: 0.222222, 5: 0.333333, 6: 0.222222, 7: 0.111111)
>>> triangleDist(5, 3, 4, 10)

DDist(4: 0.333333, 5: 0.333333, 6: 0.222222, 7: 0.111111)

>>> triangleDist(5, 3, 5, 10)

DDist(5: 0.666667, 6: 0.222222, 7: 0.111111)

>>> triangleDist(5, 3, 6, 10)

DDist(6: 0.888889, 7: 0.111111)

Part 2: Mixtures of distributions

We can make a new distribution by defining it to be a mixture of two existing distributions. By
specifying two distributions, d1 and d2, and a mixture probability p, the mixture distribution
assigns to each element x, p times the probability of x in distribution d1 plus (1 — p) times the
probability of x in distribution d2.

There are two strategies for implementing this:
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e As a new class, MixtureDist, whose __init__ method takes the two distributions and the
mixture probability. It needs to provide a method prob(self, x), which returns the proba-
bility assigned to x in the mixture distribution, and a method support (self), which returns
a list of the elements that have non-zero probability in the mixture distribution. Don’t write a

str__or __repr__ method.

e As a procedure, MixtureDist (d1, d2, p), which constructs and returns a new instance of
dist.DDist.

Implement MixtureDist; you can choose either strategy.

There are plots of several examples of mixtures in the readings. Here are a couple of very simple
examples, using an implementation that follows the second strategy above.

>>> MixtureDist(squareDist(2, 4), squareDist(10, 12), 0.5)

DDist(11: 0.250000, 2: 0.250000, 3: 0.250000, 10: 0.250000)

>>> MixtureDist(squareDist(2, 4), squareDist(10, 12), 0.9)

DDist(11: 0.050000, 2: 0.450000, 3: 0.450000, 10: 0.050000)

>>> MixtureDist(squareDist(2, 6), squareDist(4, 8), 0.5)

DDist(2: 0.125000, 3: 0.125000, 4: 0.250000, 5: 0.250000, 6: 0.125000, 7: 0.125000)

Plots for debugging

At the bottom of distSkeleton.py there are some instructions and commented-out definitions
that will allow you to plot the distributions you are constructing. This can be very helpful, espe-
cially for triangles and mixtures. You will need to run this using idle -n.

What to hand in

Hand in nicely formatted and commented code and a transcript of it working. Show, in the
transcript, that you can create distributions of each kind. Try to make your code as simple and
concise as possible. It will be graded for style and clarity as well as correctness.
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Design Lab 11: State Estimation

This lab should be done individually. You can use a lab laptop or a personal laptop. Do athrun
6.01 update to get the files for this lab, which will be in Desktop/6. 01/labl1/designLab/,
or get the software distribution from the course web page.

Relevant files include:

e 1ib601/ssm.py: code for the StochasticSM class

e 1ib601/util.py: useful utilities

e dl11Work.py: place to write and debug code for problems Wk.11.2.3

Be sure you have read sections 8.6-8.8 of the readings very carefully.

State estimation in the hallway world

When we have a system with internal state that we cannot observe directly, then we can consider
the problem of state estimation, which is trying to understand something about the internal hidden
state of the system based on observations we can make that are related to its state. Examples of
such systems include:

e A copy machine, where the hidden state is condition of its internal machinery, the actions we
can take are to make copies, and the observations are the quality of the copies.

e A robot moving through a hallway, where the hidden state is the location of the robot, the
actions we can take are to move to the east and west, and the observations are colors (which
may not always accurately reflect the true underlying colors of the walls).

e A person playing a video game, where the hidden state is which monster the person is trying
to kill, there are no explicit actions, and the observations are the moves the person is making.

State estimation is the process of taking in a sequence of inputs we have given to the system (we
sometimes call them actions) and observations we have made of the system, and computing a
probability distribution over the hidden states of the system. We will build intuition by doing
some numerical examples of state estimation by hand. These are types of problems that we will
expect you to be able to do in quizzes and exams.

[ Wk.11.2.1 Do the rest of this problem on state estimation in the hallway world.
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Wk.11.2.5 Do this problem now if you feel you need more practice in understanding
the state estimation process before writing code to implement it. If not,
save it and do it later.

2 Implementing the state estimator efficiently

2.1

Now, we will think about how to implement the state estimator algorithmically.

Stochastic state machines

A state estimator needs to know a model of the system whose state it is trying to estimate. This
model contains three crucial components:

e initial state distribution
e state transition model
e observation model

You had practice, in software lab, specifying state transition and observation models for the hall-
way domain.

We will collect these three components together into instances of a Python class, called
ssm.StochasticStateMachine. It is defined in section 8.6 of the readings: what matters
most to us are the three attributes startDistribution, transitionDistribution, and
observationDistribution.

Here is an example ssm.StochasticStateMachine definition for a hallway world in which
there are five rooms with colors white, white, green, white, white. The internal states are the
integers 0 through 4 representing which room the robot is really in, the inputs are integers -4
through 4 representing an attempt to move that many squares, and the observations are strings
representing colors.

def observationModel(s):
# All of the rooms in our world have white walls, except for room
# 2, which has green walls; observations are wrong with
# probability 0.1
if s ==
return dist.DDist({’green’ : 0.9, ’white’ : 0.1})
else:
return dist.DDist({’white’ : 0.9, ’green’ : 0.1})

def transitionModel(action):
def transGivenA(oldS):
# Robot moves to the nominal new location (that is, the
# old location plus the action) with probability 0.8; some
# chance that it moves one step too little, or one step too
# much. Be careful not to run off the end of the world.
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nominalNewS = 0l1dS + action
d = {}
dist.incrDictEntry(d, util.clip(nominalNewS, 0, 5), 0.8)
dist.incrDictEntry(d, util.clip(nominalNewS+1, 0, 5), 0.1)
dist.incrDictEntry(d, util.clip(nominalNewS-1, 0, 5), 0.1)
return dist.DDist(d)

return transGivenA

simpleHallway = ssm.StochasticSM(dist.UniformDist(range(5)),
transitionModel,
observationModel)

Stochastic state machines have a transduce method, which takes a list of inputs and generates
a list of outputs. Because they are stochastic (probabilistic), however, several different runs with
the same input sequence may generate different output sequences. This is because the starting
state, each state transition, and each output is, in general, chosen probabilistically based on the
specified distributions.

So, for example, 10 trips down the hallway, each of which is supposed to be made up of four steps
to the right, might generate output like this:

>>> for i in range(10):
print simpleHallway.transduce([1, 1, 1, 1])

[’white’, ’green’, ’white’, ’green’]
[’green’, ’white’, ’white’, ’white’]
[’white’, ’green’, ’white’, ’white’]
[’white’, ’green’, ’white’, ’white’]
[’white’, ’green’, ’white’, ’white’]
[’white’, ’white’, ’white’, ’white’]
[*white’, ’green’, ’green’, ’white’]
[’white’, ’green’, ’white’, ’white’]
[’white’, ’white’, ’white’, ’white’]
[’white’, ’white’, ’white’, ’white’]
Wk.11.2.2 Do this tutor problem to get practice with the types of the components of

a stochastic state machine.

State Estimation

Now, we're going to take the cool-but-potentially-confusing step of making the state estimator. A
state estimator is, itself, an instance of sm.SM: it is a regular deterministic state machine. Its job is
to take inputs that are pairs, (o, 1), where o is the observation that we made of some system at
some time t and i is the input that was given to the system at time t. The internal state of the state
estimator is a belief state, or probability distribution over the possible hidden states of the system
whose internal state we are trying to estimate. The output of the state estimator will be the same
as its internal state.
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To make an instance of a state estimator, we pass in a model of the system whose state we are
trying to estimate, in the form of a stochastic state machine. So, for example, if we wanted to
try to estimate the robot’s position in the simple hallway described above, we could make a state
estimator:

hallwayLocalizer = se.StateEstimator (simpleHallway)

Now, hallwayLocalizer is a regular old state machine, and we can use familiar methods, like
transduce on it. Here, we feed in a sequence of observation-action pairs, asking what we believe
about the robot’s location after it observes white, moves to the right one square, observes white
again, moves to the right one square, observes green, and then stays where it is:

>>> hallwayLocalizer.transduce([(’white’, 1), (’white’, 1), (’green’, 0)])
[DDist(0: 0.024324, 1: 0.218919, 2: 0.221622, 3: 0.070270, 4: 0.464865),
DDist(0: 0.003029, 1: 0.051496, 2: 0.224196, 3: 0.060546, 4: 0.660733),
DDist (0: 0.002819, 1: 0.087084, 2: 0.581842, 3: 0.113220, 4: 0.215035)]

The result of transduce is a list of three belief states.

Check Yourself 1. Be sure the results of transduce shown above make sense to you. If they
don’t, ask a staff member for clarification.

As we observed in section 8.8.1 of the course readings, the state estimation procedure can be seen
as taking two steps:

1. Doing a step of Bayesian evidence updating, in which we update the current belief state
based on the actual observation received, using the observation distribution stored in the
ssm.StochasticSM that is the model of the underlying system.

2. Then, using that resulting intermediate belief, doing an update using the law of total prob-
ability to apply the transition distribution appropriate for the input that was given to the
underlying system.

Given the library of methods we have developed for operating on distributions, this is very
straightforward to implement in Python. The starting state of the state estimator is just the initial
state distribution of the SSM. To get the next values (that is, the next belief state of the state esti-
mator), we do a step of Bayes evidence with the observation and an application of the law of total
probability with a transition distribution that depends on the input.

class StateEstimator(sm.SM):
def __init__(self, model):
self .model = model
self.startState = model.startDistribution
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def getNextValues(self, state, inp):
(o, 1) = inp
sGo = dist.bayesEvidence(state, self.model.observationDistribution, o)
dSPrime = dist.totalProbability(sGo,
_ self.model.transitionDistribution(i))
return (dSPrime, dSPrime)

This code works fine, and is conceptually very simple, but each step is fairly inefficent. Our
implementation of the bayesEvidence method (in a tutor problem from software lab) actually
creates a whole joint distribution between the state and observation, and then conditions on the
observation, selecting a single row of the joint. We can make this more efficient by more closely
mirroring the procedure we showed graphically in the lecture and the readings: multiplying the
probability of each state s in the belief state by Pr(o | s), and then normalizing it.

In a similar way, our implementation of totalProbability (also in a tutor problem from soft-
ware lab) is also quite inefficient. It constructs the entire joint distribution between s (the state
at time t) and sPrime (the state at time t + 1), and then immediately marginalizes out s. Again,
we can more closely emulate the procedure shown graphically in the lecture and the readings:
making a new empty distribution over sPrime, then iterating over the states s, and adding, to
each state sPrime the probability of being in state s times the probability of making a transition
to state sPrime, given the input.

Your job is to implement the StateEstimator.getNextValues method. We would encourage
you to write two internal helper procedures, one for Bayes evidence, and one for total probability,
that have the same results as our old implementations, but which are more efficient.

Rules:

e Never access the dictionary of a distribution directly (use the prob method instead).

* Do not modify any of the distributions in the model. If you want a copy of a distribution, you
can use the dictCopy method of DDist copy the dictionary, and then use it to make a new
DDist.

® Do no make any assumptions about the states, observations and actions. You do not need to
assume that they are integers or strings or anything else in particular. Hint: use the support
method of the DDist class.

e Inside the tutor problem and the work file, the module dist has been imported; if you need
to use functions or classes from there, you can access them with expressions like dist . x.

e The tutor will test the number of times you access the input probability distributions, and if
your code is too inefficient (it makes too many accesses to the dictionaries) it will fail the check
even if it generates the correct next belief.

When you check your code in the tutor, the results of the test cases show the number of calls to
the prob method of dist .DDist, followed by the actual result of state estimation. You don’t
have to have precisely the same number of calls as our solution, but it can’t be too many more.
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The tutor will test your code on the copy machine example from the readings:

transitionTable =
{’good’: dist.DDist({’good’ : 0.7, ’bad’ : 0.3}),
’bad’ : dist.DDist({’good’ : 0.1, ’bad’ : 0.91)}
observationTable =
{’good’: dist.DDist({’perfect’ : 0.8, ’smudged’ : 0.1, ’black’ : 0.1}),
’bad’: dist.DDist({’perfect’ : 0.1, ’smudged’ : 0.7, ’black’ : 0.2})}
copyMachine =
ssm.StochasticSM(dist.DDist({’good’ : 0.9, ’bad’ : 0.11}),
lambda i: lambda s: transitionTablel[s],
lambda s: observationTable[s])
obs = [(’perfect’, ’step’), (’smudged’, ’step’), (’perfect’, ’step’)]

You can use these values for testing, but don’t build any of them into your code. Your code should
work for any stochastic state machine (the model argument). This example is provided only so
you can understand the test cases. The variable obs is set to a sequence of observation, action
pairs. In this copy-machine example, the action is ignored, but it has to be present in order to
make all of the types match up correctly.

( Y
Wk.11.2.3 Do this tutor problem on how to implement the state estimator efficiently.

o J

( L A
Checkoff 1. Explain your solution to a staff member.
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6.01: Introduction to EECS 1

Week 12 November 23, 2010

6.01: Introduction to EECS 1

Search Algorithms

Week 12 November 23, 2010

Reading: 9.1 — 9.4

Untebt,

- When halt o O\Pﬂw\s
_‘“‘1\41' fo J})'ﬁ

Looking Ahead

e Reaction: Use a rule to determine the 'action’ to take, as a
direct function of the state
— wall-following
— proportional controller

e Planning: Choose action based on 'looking ahead’
alternative sequences of actions

. exploring

Methods for planning require us to specify an explicit model of the
effects of our actions in the world.

“5P ohaad

tf t Ql? h"-?{ Qcﬁoﬂs .,/J/ I

4#"1 mpm

need QKQZC:+ rodel of Buecld

Using models to choose actions

Application: Navigation

Assume states and actions are discrete.

&\Bcre } ol

’ _ t
Given U(Hftm
¢ A state-machine model of the world C[-

e A start state Cacton

e A goal test /P@'rf, P\N,h(%

Find a sequence of actions (inputs to the state machine) to reach a
goal state from the start state.

e Primitives: single actions

¢ Combination: sequencing actions

o Abstraction: path

o Common pattern: Just describe the goal, and trust an algo-
rithm to automatically compute how to get there.

AP

What are good definitions of states, actions?

f"fﬂ(kcf' s
 Acfons
“@ads
~ g

Uhate a
What makes a path good?

how Measre fle fuﬂ\fl

descobt  worl]

<P F /)I{‘ 5 }'0{;;15

Abstraction: Labeled graph

Formal model

Lots of possible paths!
one. Too hard...

Could enumerate them and evaluate each

Assume additive cost. For now, each sggment has a cost of one.
. e _—
We want to find the shortest path.

o States: {28Y T TBY, MO RDY
’E’, JFJ, ,G’, JH)}'
e Starting state is ’S’.
e Goal test: lambda x: x == G’
e Legal actions and successors:
mapl = {’S’ : [’A?, ’B’],
R LU L] 1 R
lBl : ['5,, ’D), JEJ].
¢ : [*A?, ’F’],
lDr : [!AP' aBl, J]:‘), DHD],
B [’B’, ,HJ]’
IFD : [?C!. ’DJ, JGJ],
'HY [D’ aEJ, lcl]‘
lGr [:F: ;HJ]}

maplLegalActions = [0, 1,

9 Csince mar 9 o ptins

}(acﬁon f\b‘\ ‘%4!

def maplsuccessors(s, a):
if a < len(mapi[s]):
else: return s

return mapi[s] [al )
4"‘/»,5 (a (U

(ionzi‘ wa brote Force Seoch  eucy Pd&

(R(& 6l\ W%‘/r\ @Drﬂxﬁ

Teaphie slafes  Tangitions  SHate

reok
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Week 12

November 23, 2010

Check yourself

Check yourself

How many “shortest” paths are there from S to G7

b {7434

How many “shortest” paths are there from S to G?

&

A numeric example

A numeric example

States: integers

Start state: 1

Legal actions (and successors) in state n: {2n,n+1,n— 1,12, —n}
Goal test: =z =10

States: integers

Start state: 1

Legal actions (and successors) in state n: {2n,n+ 1,n— 1,72, —n}
Goal test: z =10

What are the nodes in the first level of the search tree in this
domain?

braacht {Lador
(wlabnbe bigger
thon D

Sat n= |

2,2,0,4 (L/il

How long is the longest path in this domain?

O
. wa'h}f\j tat ¢ays Yo il ﬁ'{\op

60“’*\0) '{_9 M:X no-luﬁo,\

m\r,se:/@ Codg g”i@ ~) ;'n}{ 3 {WH\ ) Stgech §9_ﬂ&d,t’

Don't be totally stupid!

Not being totally stupid, in Python

Pruning Rule 1. Don't consider any path that visits the

same state twice.

X

0 1

PO N
?RAX
b don & Do

def search(initialState, goalTest, actionms, successor):
if goalTest(initialState):
return [(None, initialState)]
agenda = [SearchNode(None, initialState, None)]
while not empty(agenda):
parent = getElenment(agenda)
for a in actions:
newS = successor(parent.state, a)
newN = SearchNode(a, newS, parent)
if goalTest(newS):
return newN.path()
elif parent.inPath(neuS):
pass
else:
add(newN, agenda)
return None

Al

mplgesk

f

aphl

Vs « Lo of of hree
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Adding a check for being in path

Another pruning rule

class SearchNode:
def __

# as before

path(self):

if self.parent == None:

init__(self, action, state, parent):

def

return [(self.action, self.state)]
else:
def inPath(self, state):
if self.state == state:

¢ (ecufé“wly wall o
Jeeq

return True

elif self.parent == None:
return False

else:
return self.parent.inPath(state)

return self.parent.path() + [(self.action, self.state)]

Pruning Rule 2. If there are multiple actions that lead from

a state r to a state s, consider only one of
them.

BOS

0 1

/Q/ Iaiw +m\.\\

P %\@\

of
6 Gowr, 8 ey
> Coty o p -

dlohg any )Oetfh

Stack data structure

Stack Class

Last in, first out

TR

>>> s = Stack()

>>> s.push(1) q)‘ 4 . & \
>>> s.push(9) h a.; B G €M4¥
>>> s.push(3)

>>> s.pop() PO@ & PUB o1
3

>>> s.pop() 2

. avya

>>> s.push(-2) g

>>> s.pop() =

-2

class Stack:
def __ _(self):
self.data 0
def push(self, item):
self.data.append(item)
def pop(self):
return self.data.pop()
def isEmpty(self):
return self.data is []

W o [k

init_

.
3

Queue data structure

Queue Class

First in, first out

FTF0

X,

>>> q = Queue()
q.push(1)
q.push(9)
q.push(3)

q.pop()

22>
>>>
>>>
>>>
1

>>> q.pop()
25>
25>

q.push(-2)
q.pop()

class Queue:
def __ __(self):
self.data = []
def push(self, item):
self.data.append(item)
def pop(self): =
return self.data.p

o@ #NOTE: different argument
def isEmpty(self):

return self.data is []

init

)
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Depth-First search

DFS: From S to C

def depthFirstSearch(initialState, goalTest, actions, successor):
agenda = Stack()
if goalTest(initialState):
return [(None, initialState)]
agenda.push(SearchNode(None, initialState, Hone)) G;—
while not agenda.isEmpty()
parent = agenda.pop()}
newChildStates = []
for a in actions:
newS = successor(parent.state, a)
newN = SearchNode(a, newS, parent)
if goalTest(newS):
return newN.path()
elif newS in newChildStates:
pass
elif parent.inPath(newS):
pass
else:
newChildStates.append(newS)
agenda. push (newll)
return None

‘m‘fhb[

# pruning rule 2

# pruning rule 1

| ageada S
Ind agends SR, 5B ~yetul %o tet 9B (i

8 S, BESBF

g A58, 85 ) dont adl auyhiy] ok bl
S mGE © e
1

DFS properties

o0

Breadth-First search

o May run forever if we don't apply pruning rule 1.

e May run forever in an infinite domain.

s Doesn't necessarily find the shortest path.

¢ Efficient in the amount of space it requires to store the agenda.

- (]nly, J I‘or‘(ﬂj fro;v}eér‘

def breadthFirstSearch(initialState, goalTest, actions, successor):

- Q < fio Chage s od

if gealTest(initialState):

return [(None, initialState)]
agenda.push(SearchNode (None, initialState, None))
while not agenda.isEmpty():
parent = agenda.pop()
newChildStates = []
for a in actions:
newS = successor(parent.state, a)
newN = SearchNode(a, newS, parent)
if goalTest(newS):
return newN.path()
elif newS in newChildStates:
pass
elif parent.inPath(newS):
pass
else:
newChildStates.append(newS)
agenda.push(newl)
return None

BFS: From S toﬁ)
7

5(‘”\“& Chmg({
n (],affa ehwfue

M hes Blj (w

le}
26+ a
3

e 14
6B, SHC5Al)

$AC, SHD, 580, SBF

———

NN

ke
BFS properties ' |\ \Q p\u\hpe P
| i i

e Always returns a shortest path to a goal state, if a goal state
exists in the set of states reachable from the start state.

e May run forever in an infinite domain if there is no solution.

e Requires more space than depth-first search.

to stoe Ageady

fiots cedly (ong)

Aoergae A%
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Dynamic Programming

Dynamic Programming Principle

When happened when we did BFS in this city with goal G?

Visits 16 nodes, but there are only 9 states!!

AL

The shortest path from X to Z that goes through Y is made

up of
o the shortest path from X to Y and

o the shortest path from Y to Z.

0dditla_cot

So, we only need to remember the shortest path from the start state
to each other state.

breath o+

DP in (breadth-first search

DP as a pruning technique

The first path that BFS finds from start to X is the shortest
——
path from start to X.

So, we only need to remember the first path we find from the start
, state to each other state.

Pruning Rule 3. Don't consider any path that visits a state
that you have already visited via some

other path.

Need to remember the first path we find to each state.

Use dictionary called Jisited

BFS with DP

BFS-DP: From S to G

def breadthFirstDP(initialState, goalTest, actions, successor):

agenda.push(SearchNode(None, initialState, None))
visited = [{initialState: True} &
while not agenda.isEmpty():
parent = agenda.pop()
newChildStates = []
for a in actions:
newS = successor(parent.state, a)
newN = SearchNede(a, newS, parent)
if goalTest(newS):
return newN.path()
elif visited.has_key(newS): # rules 1, 2, 3 GET
pass
else:
visited[newS] = True:
newChildStates.append (newS)
agenda.push (newN)
return None

Visi@es.(d/\ 1 V\ts}f o/ T‘\m #‘ 5f'4,{' (%)

Can never expand more nodes than there are states.
Can be used with DFS as well.

leg Tadi of voded ay wel|

(U+°ff N lo+ Mare of h( FO(J
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State machines as world models

State machines as world models

e« Our search problems all involve sets of states and transitions
between them
¢ Natural to think of using state machine formalism to find paths
through state space
— Given a state machine in its initial state, what sequence of
inputs can we feed to it, in order to cause it to reach some
goal?
Note that we can use search algorithms to find sequence of
actions for us

Use getNextValues as successor function in search
Inputs are actions

Add a method and an attribute:

— done(self, state): returns True if the machine has termi-
nated; we can use this as a goal test

— legallnputs: list of possible legal inputs to the machine; we
can use this as the set of possible actions.

For now, we will ignore the output of the state machine. Later
we will put it to good use.

Planning in a state machine

A numeric example

Question: Given a state machine in its initial state, what se-
quence of inputs can we feed to it, in order to cause it to enter
a done state?

def smSearch(smToSearch, initialState = None, goalTest = None,
maxNodes = 10000, depthFirst = False, DP = True):
if initialState == None:
initialState = smToSearch.startState
if goalTest == None:
goalTest = smToSearch.done
return search(initialState, goalTest,
smToSearch.legallnputs,
lambda s, a: smToSearch.getNextValues(s,
a) [0],
maxNodes = maxNodes,
depthFirst=depthFirst, DP=DP)

— States: integers

— Start state: 1

— Legal actions (and successors) in state n:
{2n,n+1,n—1,n% —n}

— Goal test: =10

/

Coruch somch 10 {hd? Machlne

funat

A numeric example — state machine (//

Numeric — Breadth First

class NumberTestSM(sm.SM):
startState = 1
legallnputs = ['x*2’, ’x+17, ’x-1', 'x#x2’', 7-x’]
def __init__(self, goal):
self.goal = goal
def getNextValues(self, state, action):
if action == 'x*2’:
nextState = state*2
elif action == ’'x+1’:
nextState = state+l
elif action == ’x-1’:
nextState = state-1
elif action == ’'x**2’:
nextState = statex*2
elif action == '-x':
nextState = -state
return (nextState, nextState)
done(self, state):
return state == self.goal

de

Fh

>>> smSearch(NumberTestSM(10), initialState = 1,
depthFirst = False, DP = False)
expanding: 1

expanding: 1-x*2->2

expanding: 1-x-1->0

expanding: 1--x->-1

expanding: 1-x*2->2-x*2->4
expanding: 1-x#*2->2-x+1->3
expanding: 1-x*2->2--x->-2
expanding: 1-x-1->0-x-1->-1
expanding: 1--x->-1-x*2->-2
expanding: 1--x->-1-x+1->0
expanding: 1-x#*2->2-x#2->4-x%2->8
expanding: 1-x*2->2-x#2->4-x+1->5

33 states visited
[(None, 1), (’x*2’, 2), (’x*2’, 4), (*x+1’, 5), (’x*2', 10)]

((\1(:"4( pa/h
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Numeric — Breadth First with DP Numeric — Depth First

>>> smSearch(NumberTestSM(10), initialState = 1,
depthFirst = False, DP = True)

expanding: 1 >>> smSearch(NumberTestFiniteSM(10, 20), initialState = 1,

expanding: 1-x*2->2 depthFirst = True, DP = False)

expanding: 1-x-1->0 expanding: 1

expanding: 1--x->-1 expanding: 1--x->-1

expanding: 1-x*2->2-x*2->4 expanding: 1--x->-1-x+1->0

expanding: 1-x#2->2-x+1->3 expanding: 1--x->-1-x*2->-2

expanding: 1-x*2->2--x->-2 expanding: 1--x->-1-x*2->-2--x->2

expanding: 1-x*2->2-x*2->4-xx2->8 expanding: 1--x->-1-x%2->-2--x->2-x+1->3

expanding: 1-x*2->2-x#2->4-x+1->5 expanding: 1--x->-1-x*2->-2--x->2-x+1->3--x->-3
17 states visited expanding: 1--x->-1-x%2->-2--x->2-x+1->3--x->-3-x*%2->9
[(None, 1), Cx*27, 2), (’x*2’, 4), (x+1’, 5), (’xx2?, 10)] 20 states visited
[(None, 1), (-x?, -1), Cx*27, -2), (*-x’, 2), (x+17, 3), ('-x’,
-3), Cx»*2’, 9), (’x+1’, 10)]

Limit numbers to be in range (-20, 20)
ey

ﬂllf;‘ff ﬁ}"t “‘ A (dnge « . ch /ap n X

iy a {gnjgf Solution

Computational complexity q{: @[ﬁofﬁ\n Without dynamic programming
v
Let — Depth first:
— b be the branching factor of the search tree; that is, the = may have to search every path (44! nodes), but
number of successors a node can have. * agenda is small (bd)
— d be the maximum depth of the search tree; that is, the — Breadth first:
length of the longest path in the graph. * may have to search to depth I (4**! nodes),
— 1 be the solution depth of the problem; that is, the length of * agenda may be as large as I
the shortest path from the start state to the shallowest goal
state.

— n be the state space size; that is the total number of states
in the domain.

There are i paths at depth d.

The number of nodes in the tree of depth d is about b+!,

With dynamic programming This Week
Visit at most n states! Software lab: search
Sometimes n << ¥ (in a road network, for example), sometimes Design lab: None! Thanksgiving

not (small problem in large space). Nanoquiz Make-up: Wednesday, December 1: 4PM - 9PM in

DP is almost always an improvement in running time. 34-501
———-—"—.ﬁ?-______-‘-T______—___._____,___._

Be sure to fill in the tutor problem to select which NQs you are

going to make up:

— Everyone can make up NQ 1

— Everyone can chose any two additional two NQs to make up

— If you have excuses from 5% for missed NQs, you can make
those up as well.

If you choose to make up a NQ, the new score will replace
the old score, even if it's lower.
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