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functron BREADTH-FIRST-SEARCH( problem) returns a solution, or failure

node:— a node with STATE = problem INITIAL-STATE, PATH-COST =0
if problem. GOAL-TEST(node STATE) then return SOLUTION{ node)
frontier ~- a FIFO queue with node as the only element
explored - an empty set
loop do
il EMPTY?( frontier) then return failure
node -- POP( frontier) /* chooses the shallowest node in frontier */
add node. STATE to explored
for each action in problem ACTIONS(node STATE) do
child ~- CHILD-NODE( probiem, node, action)
il child STATE is not in exploved or frontier then
if problem.GOAL-TEST(child STATE) then return SOLUTION(child)
frontier - INSERT{ child, frontier)
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functyon DEPTH-LIMITED-SEARCH{ problem, {imif) returns a solation, or failure/cutoff
return RECURSIVE- DLS{MAKE-NODE(probem INITIAL-STATE), prodem, limif)

function RECURSIVE-DLS(node, problem, limit) returns a soloton, or Failure/catoff
if problem. GOAL-TEST(node STATE) then return SOLUTION(wode)
else if limit = 0 then return cutoff
else
cuto ff_oceurred? — false
for each action in problem ACTIONS(node. STATE) do
child «— CHILD-NODE( problem, node, action)
result « RECURSIVE-DLS{child, problem, limit — 1)
il resudt = ewto [T then cutoff_oceurred? — true
ekse if result # fotlure then return result
ifl cuto fl_occurved? then return cuto ff else return failure
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functron UNIFORM-COST-SEARCH( probdlem) returns a solution, or Failure

node «— a node with STATE = problem. INITIAL-STATE, PATH-CO5T =0
frontier « a priotity queue ordered by PATH-COST, with node as the only element
erplored «— an empty set
loop do
if EMPTY ™ frontier) then return failure
node «— POP{ frontier) [* chooses the lowest-cost node in _fromtier */
if problem. GOAL-TEST{node STATE) then return SOLUTION{ node)
add node STATE to explored
for each action in problem ACTIONS(node STATE) do
child «— CHILD-NODE{ problem, node, action)
if child STATE is not in exploved or frontier then
frontier «— INSERT(child, frontier)
else if child STATE is in frontier with higher PATH-COSI then
replace that frontier node with child
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1.depthFirstSearch

def depthFirstSearch(problem):

Search the deepest nodes in the search tree first.

Your search algorithm needs to return a 1list of actions that reaches the
goal. Make sure to implement a graph search algorithm.

To get started, you might want to try some of these simple commands to
understand the search problem that is being passed in:

print "Start:", problem.getStartState()
print "Is the start a goal?", problem.isGoalState(problem.getStartState())
print "Start's successors:", problem.getSuccessors(problem.getStartState())

"#%% YOUR CODE HERE ***
visited_node = []
myStack= util.Stack()
actions = []
s = problem.getStartState()
if problem.isGoalstate(s):
return actions
myStack.push((s, actions))
while not myStack.isEmpty():
state = myStack.pop()
if state[0] in visited_node:
continue
visited_node.append(state[0])
actions = state[1]
if (problem.isGoalstate(state[0])):
return actions
for successor in problem.getSuccessors(state[0]):
child_state = successor[0]
action = successor[1]
sub_action = Tist(actions)
if not child_state in visited_node:
sub_action.append(action)
myStack.push((child_state, sub_action))
return actions
util.raiseNotDefined()

2.breadFirstSearch

def breadthFirstSearch(problem):
"""sSearch the shallowest nodes in the search tree first.
"#*%% YOUR CODE HERE ***"
visited_node = []
myQueue = util.Queue()

[IRTR1}

actions = []

s = problem.getStartState()

if problem.isGoalState(s):
return actions

myQueue.push((s, actions))
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while not myQueue.iseEmpty():
state = myQueue.pop()
if state[0] in visited_node:

continue

visited_node.append(state[0])
actions = state[1l]
if (problem.isGoalstate(state[0])):

for

return actions

successor in problem.getSuccessors(state[0]):

child_state = successor[0]

action = successor[1]

sub_action = Tist(actions)

if not child_state in visited_node:
sub_action.append(action)
myQueue.push((child_state, sub_action))

return actions
util.raiseNotbDefined()

3.uniformCostSearch

def uniformCostSearch(problem):

"""search the node of least total cost first.

"#%% YOUR CODE HERE ***
visited_node = []
mypriorityQueue = util.PriorityQueue()
actions = []
s = problem.getStartState()
if problem.isGoalstate(s):
return actions
mypriorityQueue.push((s, actions), 0)
while not mypriorityQueue.isEmpty():
state = mypriorityQueue.pop()
if state[0] in visited_node:
continue
visited_node.append(state[0])
actions = state[1l]
if (problem.isGoalstate(state[0])):
return actions
for successor in problem.getSuccessors(state[0]):
child_state = successor[0]
action = successor[1]
sub_action = Tist(actions)
if not child_state in visited_node:
sub_action.append(action)

mypriorityQueue.push((child_state, sub_action),

problem.getCostOofActions(sub_action))

return actions
util.raiseNotbDefined()
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4.aStarSearch

def astarSearch(problem, heuristic=nullHeuristic):
"""Search the node that has the Towest combined cost and heuristic first."""
"#%% YOUR CODE HERE *#**"
visited_node = []
mypriorityQueue = util.PriorityQueue()
actions = []
s = problem.getStartState()
if problem.isGoalstate(s):
return actions
mypriorityQueue.push((s, actions), 0)
while not mypriorityQueue.isEmpty():
state = mypriorityQueue.pop()
if state[0] in visited_node:
continue
visited_node.append(state[0])
actions = state[1l]
if (problem.isGoalstate(state[0])):
return actions
for successor in problem.getSuccessors(state[0]):
child_state = successor[0]
action = successor[1]
sub_action = Tist(actions)
if not child_state in visited_node:
sub_action.append(action)
mypriorityQueue.push((child_state,
sub_action),heuristic(child_state, problem)
+ problem.getCostofActions(sub_action))
return actions
util.raiseNotbDefined()

EERXUNMNREG, ERIEPE N python2 .\autograder.py

PS D:\AI\Subject\Pacman\search> python2 .\autograder.py
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1.Corner Problem
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def __init__(self, startingGameState):

Stores the walls, pacman's starting position and corners.
self.walls = startingGameState.getwalls()
self.startingPosition = startingGameState.getPacmanPosition()
top, right = self.walls.height-2, self.walls.width-2
self.corners = ((1,1), (1,top), (right, 1), (right, top))
for corner in self.corners:

if not startingGameState.hasFood(*corner):
' + str(corner)
self._expanded = 0 # DO NOT CHANGE; Number of search nodes expanded
# Please add any code here which you would Tike to use
# in initializing the problem
"#%% YOUR CODE HERE ***"
self.top = top
self.right = right

print 'warning: no food in corner

def getStartState(self):
Returns the start state (in your state space, not the full Pacman state
space)
"#%% YOUR CODE HERE *#%"
startState = (self.startingPosition,[])
return startState
util.raiseNotbDefined()

def isGoalstate(self, state):

Returns whether this search state is a goal state of the problem.
"#%% YOUR CODE HERE *#**"
result = state[1]
if state[0] in self.corners:

if state[0] not in result:

result.append(state[0])

if (len(result) == 4):

return True
else:

return False
util.raiseNotbDefined()

def getSuccessors(self, state):

Returns successor states, the actions they require, and a cost of 1.

As noted 1in search.py:
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For a given state, this should return a 1ist of triples, (successor,
action, stepCost), where 'successor' is a successor to the current
state, 'action' is the action required to get there, and 'stepCost'
is the incremental cost of expanding to that successor

successors = []
for action in [Directions.NORTH, Directions.SOUTH, Directions.EAST,
Directions.wWEST]:
# Add a successor state to the successor 1list if the action is legal
# Here's a code snippet for figuring out whether a new position hits
a wall:
X,y = currentPosition
dx, dy = Actions.directionTovector(action)
nextx, nexty = int(x + dx), int(y + dy)
hitswall = self.walls[nextx][nexty]

H O H H

* YOUR CODE HERE *#**"
X, y = state[0]
dx, dy = Actions.directionTovector(action)
nextx, nexty = int(x + dx), int(y + dy)
visited = lTist(state[1l])
if not self.walls[nextx][nexty]:
nextState = (nextx, nexty)
cost = 1
if nextState in self.corners and nextState not in visited:
visited.append(nextState)
successors.append(((nextState, visited), action, cost))
self._expanded += 1 # DO NOT CHANGE
return successors

2.Corners Heuristic
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£, TR

def cornersHeuristic(state, problem):

A heuristic for the CornersProblem that you defined.

state: The current search state
(a data structure you chose in your search problem)

problem: The CornersProblem instance for this layout.

This function should always return a number that is a lower bound on the
shortest path from the state to a goal of the problem; i.e. it should be
admissible (as well as consistent).

corners = problem.corners # These are the corner coordinates

walls = problem.walls # These are the walls of the maze, as a Grid (game.py)

10
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"#¥%% YOUR CODE HERE ***"
visited = state[1]
now_state = state[0]
Heuristic = 0
last = []
if (problem.isGoalstate(state)):
return 0
for i in corners:
if i not in visited:
Tast.append(i)
pos = now_state
cost = 999999
while Ten(last) != 0:
for i in last:
if cost > (abs(pos[0] - i[0]) + abs(pos[1l] - i[1])):
min_con = i
cost = (abs(pos[0] - i[0]) + abs(pos[1l] - i[11))
Heuristic += cost
pos = min_con
cost = 999999
last.remove(min_con)
return Heuristic

3.Food Heuristic

AR MHEEREVIE AR, EEREMERYNEER). SMBEATHENEX
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def foodHeuristic(state, problem):

Your heuristic for the FoodSearchProblem goes here.

This heuristic must be consistent to ensure correctness. First, try to come
up with an admissible heuristic; almost all admissible heuristics will be
consistent as well.

If using A* ever finds a solution that is worse uniform cost search finds,
your heuristic is *not* consistent, and probably not admissible! on the
other hand, inadmissible or inconsistent heuristics may find optimal
solutions, so be careful.

The state is a tuple ( pacmanPosition, foodGrid ) where foodGrid is a Grid
(see game.py) of either True or False. You can call foodGrid.asList() to get
a list of food coordinates instead.

If you want access to info 1ike walls, capsules, etc., you can query the
problem. For example, problem.walls gives you a Grid of where the walls
are.

If you want to *store* information to be reused in other calls to the
heuristic, there is a dictionary called problem.heuristicInfo that you can
use. For example, if you only want to count the walls once and store that

11
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value, try: problem.heuristicInfo['wallCount'] = problem.walls.count()
Subsequent calls to this heuristic can access
problem.heuristicInfo['wallCount']
position, foodGrid = state
"#%% YOUR CODE HERE ***"
1sFoodGrid = foodGrid.asList()
last = 1list(1sFoodGrid)
Heuristic = 0
cost = 0
max_con = position
for i in last:
if cost < (abs(position[0] - i[0]) + abs(position[1] - i[1])):
max_con = i
cost = (abs(position[0] - i[0]) + abs(position[1l] - i[1]))
Heuristic = cost
diff = position[0] - max_con[0]
count = 0
for i in Tlast:
if diff > 0:
if position[0] < i[0]:
count += 1
if diff < 0:
if position[0] > i[0]:
count += 1
if diff == 0:
if position[0] != i[0]:
count += 1
return Heuristic + count

4.Suboptimal Search

RIS —NRER, ERIEZEFEEYRISET, FERENERKEI— N BRIFER, ST
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class ClosestDotSearchAgent(SearchAgent):
"Search for all food using a sequence of searches"”
def registerInitialstate(self, state):
self.actions = []
currentState = state
whiTe(currentsState.getFood().count() > 0):
nextPathSegment = self.findPathToClosestDot(currentState) # The
missing piece
self.actions += nextPathSegment
for action in nextPathSegment:
Tegal = currentState.getLegalActions()
if action not in legal:
t = (str(action), str(currentState))
raise Exception, 'findPathToClosestDot returned an illegal
move: %s!\n%s' % t
currentState = currentState.generateSuccessor(0, action)
self.actionIndex = 0
print 'Path found with cost %d.' % len(self.actions)
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def findPathToClosestDot(self, gameState):
Returns a path (a Tist of actions) to the closest dot, starting from
gameState.
# Here are some useful elements of the startState
startPosition = gameState.getPacmanPosition()
food = gameState.getFood()
walls = gameState.getwalls()
problem = AnyFoodSearchProblem(gameState)

* YOUR CODE HERE *#**"
Result = []
Visited = []
Queue = util.PriorityQueue()
startState = (problem.getStartState(),[],0)
Queue.push(startState,startState[2])
while not Queue.isEmpty():
(state,path,cost) = Queue.pop()
if problem.isGoalState(state):
Result = path
break
if state not in visited:
Visited.append(state)
for currentState,currentPath,currentCost in
problem.getSuccessors(state):
newPath = path + [currentPath]
newCost = cost + currentCost
newState = (currentState,newPath,newCost)
Queue.push(newState,newCost)
return Result
util.raiseNotbDefined()

class AnyFoodSearchProblem(PositionSearchProblem):

A search problem for finding a path to any food.

This search problem is just Tike the PositionSearchProblem, but has a
different goal test, which you need to fill in below. The state space and
successor function do not need to be changed.

The class definition above, AnyFoodSearchProblem(PositionSearchProblem),
inherits the methods of the PositionSearchProblem.

You can use this search problem to help you fi1l in the findPathToClosestDot
method.

def _init__(self, gameState):
"Stores information from the gameState. You don't need to change this."
# Store the food for Tater reference
self.food = gameState.getFood()

# Store info for the PositionSearchProblem (no need to change this)

13



self.walls = gameState.getwalls()

self.startState = gameState.getPacmanPosition()

self.costFn = lambda x: 1

self._visited, self._visitedlist, self._expanded = {}, [], O # DO NOT
CHANGE

def isGoalstate(self, state):
The state is Pacman's position. Fill this in with a goal test that will
complete the problem definition.

X,y = state
"#%% YOUR CODE HERE ***"

foodGrid = self.food

if foodGrid[x][y] == True or foodGrid.count() ==
return True

else:
return False

util.raiseNotbDefined()

def mazeDistance(pointl, point2, gameState):
Returns the maze distance between any two points, using the search functions
you have already built. The gameState can be any game state -- Pacman's
position in that state is ignored.

Example usage: mazeDistance( (2,4), (5,6), gameState)

This might be a useful helper function for your ApproximateSearchAgent.
x1, yl = pointl

X2, y2 = point2

walls = gameState.getwalls()

assert not walls[x1][yl], 'pointl is a wall:

+ str(pointl)

assert not walls[x2][y2], 'point2 is a wall: + str(point2)

prob = PositionSearchProblem(gameState, start=pointl, goal=point2,
warn=False, visualize=False)
return len(search.bfs(prob))
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