
ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING 

UNIT I 

PROBLEM SOLVING 

 

INTRODUCTION 

 

What is artificial intelligence? 

• Artificial Intelligence is the branch of computer science concerned with making computers 
behave like humans. 

• Major AI textbooks define artificial intelligence as "the study and design of intelligent 

agents," where an intelligent agent is a system that perceives its environment and takes 
actions which maximize its chances of success. 

• John McCarthy, who coined the term in 1956, defines it as "the science and engineering of 
making intelligent machines, especially intelligent computer programs." 

• The definitions of AI according to some text books are categorized into four approaches 
and are summarized in the table below : 

 

• Systems that think like humans "The exciting new effort to make computers think … 

machines with minds, in the full and literal sense."(Haugeland,1985) 

 

• Systems that think rationally "The study of mental faculties through the use of computer 

models." (Charniak and McDermont,1985) 

 

• Systems that act like humans The art of creating machines that performs functions that 

require intelligence when performed by people."(Kurzweil,1990) 

 

• Systems that act rationally "Computational intelligence is the study of the design of 

intelligent agents."(Poole et al.,1998) 

 



 
 

 



 

History of Artificial Intelligence 
 



 

APPLICATIONS OF ARTIFICIAL INTELLIGENCE 

 

• Autonomous planning and scheduling: 

o A hundred million miles from Earth, NASA's Remote Agent program became the 
first on-board autonomous planning program to control the scheduling of 
operations for a spacecraft (Jonsson et al., 2000). 



o Remote Agent generated plans from high-level goals specified from the ground, 
and it monitored the operation of the spacecraft as the plans were executed- 
detecting, diagnosing, and recovering from problems as they occurred. 

 

• Game playing: 

o IBM's Deep Blue became the first computer program to defeat the world champion 
in a chess match when it bested Garry Kasparov by a score of 3.5 to 2.5 in an 
exhibition match (Goodman and Keene, 1997). 

 

• Autonomous control: 

o The ALVINN computer vision system was trained to steer a car to keep it following 
a lane. 

o It was placed in CMU's NAVLAB computer-controlled minivan and used to 
navigate across the United States-for 2850 miles it was in control of steering the 
vehicle 98% of the time 

 

• Diagnosis: 

o Medical diagnosis programs based on probabilistic analysis have been able to 
perform at the level of an expert physician in several areas of medicine. 

 

• Logistics Planning: 

o During the Persian Gulf crisis of 1991, U.S. forces deployed a Dynamic Analysis 
and Replanning Tool, DART (Cross and Walker, 1994), to do automated logistics 
planning and scheduling for transportation. 

o This involved up to 50,000 vehicles, cargo, and people at a time, and had to account 
for starting points, destinations, routes, and conflict resolution among all 
parameters. 

o The AI planning techniques allowed a plan to be generated in hours that would have 
taken weeks with older methods. 

o The Defense Advanced Research Project Agency (DARPA) stated that this single 
application more than paid back DARPA's 30-year investment in AI. 

 

• Robotics: 

o Many surgeons now use robot assistants in microsurgery. HipNav (DiGioia et al., 
1996) is a system that uses computer vision techniques to create a three dimensional 
model of a patient's internal anatomy and then uses robotic control to guide the 
insertion of a hip replacement prosthesis. 

 

• Language understanding and problem solving: 

o PROVERB (Littman et al., 1999) is a computer program that solves crossword 
puzzles better than most humans, using constraints on possible word fillers, a large 
database of past puzzles, and a variety of information sources including dictionaries 
and online databases such as a list of movies and the actors that appear in them. 

 

Problem-solving agents 

• A Problem solving agent is a goal-based agent. 

• It decides what to do by finding sequence of actions that lead to desirable states. 

• The agent can adopt a goal and aim at satisfying it. 

• For example where our agent is in the city of Arad, which is in Romania. 

• The agent has to adopt a goal of getting to Bucharest. 

• Goal formulation, based on the current situation and the agent's performance measure, is 
the first step in problem solving. 



• The agent's task is to find out which sequence of actions will get to a goal state. 

• Problem formulation is the process of deciding what actions and states to consider given a 
goal. 

 

• Example: Route finding problem 

• On holiday in Romania : currently in Arad. 

• Flight leaves tomorrow from Bucharest 

• Formulate goal: be in Bucharest 

 

Formulate problem: 

• states: various cities actions: drive between cities 

• Find solution: sequence of cities, e.g., Arad, Sibiu, Fagaras, Bucharest 

 

Goal formulation and problem formulation 

 

• A problem is defined by four items: 

• initial state e.g., "at Arad" 

• Successor function S(x) = set of action-state pairs 

• e.g., S(Arad) = {[Arad -> Zerind;Zerind],….} 

• goal test, can be 

• explicit, e.g., x = at Bucharest" 

• path cost (additive) 

• e.g., sum of distances, number of actions executed, etc. 

• c(x; a; y) is the step cost, assumed to be >= 0 

• A solution is a sequence of actions leading from the initial state to a goal state. 

 

SEARCH : 

 

• An agent with several immediate options of unknown value can decide what to do by 

examining different possible sequences of actions that leads to the states of known value, 

and then choosing the best sequence. 

• The process of looking for sequences actions from the current state to reach the goal state 

is called search. 

• The search algorithm takes a problem as input and returns a solution in the form of action 
sequence. 

• Once a solution is found, the execution phase consists of carrying out the recommended 
action. 

• The following shows a simple "formulate, search, execute" design for the agent. 

• Once solution has been executed, the agent will formulate a new goal. 

• It first formulates a goal and a problem, searches for a sequence of actions that would solve 
a problem, and executes the actions one at a time. 

function SIMPLE-PROBLEM-SOLVING-AGENT( percept) returns an action 
inputs : percept, a percept 

static: seq, an action sequence, initially empty 

state, some description of the current world state 

goal, a goal, initially null 

problem, a problem formulation 

state  UPDATE-STATE(state, percept) 

if seq is empty then do 
goal  FORMULATE-GOAL(state) 

problem  FORMULATE-PROBLEM(state, goal) 



seq  SEARCH( problem) 

action  FIRST(seq); 

seq  REST(seq) 

return action 
 

• The agent design assumes the Environment is 

 

• Static: The entire process carried out without paying attention to changes that might be 

occurring in the environment. 

• Observable : The initial state is known and the agent's sensor detects all aspects that are 

relevant to the choice of action 

• Discrete : With respect to the state of the environment and percepts and actions so that 
alternate courses of action can be taken 

• Deterministic: The next state of the environment is completely determined by the current 

state and the actions executed by the agent. Solutions to the problem are single sequence 

of actions 

• An agent carries out its plan with eye closed. This is called an open loop system because 

ignoring the percepts breaks the loop between the agent and the environment. 

 

Well-defined problems and solutions 

• A problem can be formally defined by four components: 

• The initial state that the agent starts in . The initial state for our agent of example problem 

is described by In(Arad) 

• A Successor Function returns the possible actions available to the agent. 

• Given a state x,SUCCESSOR-FN(x) returns a set of {action,successor} ordered pairs 

where each action is one of the legal actions in state x,and each successor is a state that can 

be reached from x by applying the action. 

• For example, from the state In(Arad),the successor function for the Romania problem 

would return 

 
 

{ [Go(Sibiu),In(Sibiu)],[Go(Timisoara),In(Timisoara)],[Go(Zerind),In(Zerind)] } 

 

• State Space: The set of all states reachable from the initial state. The state space forms a 

graph in which the nodes are states and the arcs between nodes are actions. 

• A path in the state space is a sequence of states connected by a sequence of actions. 

• The goal test determines whether the given state is a goal state. 

• A path cost function assigns numeric cost to each action. 

• For the Romania problem the cost of path might be its length in kilometers. 

• The step cost of taking action a to go from state x to state y is denoted by c(x,a,y). It is 
assumed that the step costs are non negative. 

• A solution to the problem is a path from the initial state to a goal state. 

• An optimal solution has the lowest path cost among all solutions. 



 
 

 

 

UNINFORMED SEARCH STRATGES 

• Uninformed Search Strategies have no additional information about states beyond that 
provided in the problem definition. 

• Strategies that know whether one non goal state is "more promising" than another are called 
Informed search or heuristic search strategies. 

There are five uninformed search strategies as given below. 
o Breadth-first search 

o Uniform-cost search 

o Depth-first search 

o Depth-limited search 

o Iterative deepening search 

o Bidirectional Search 

 
 

Breadth-first search 

• Breadth-first search is a simple strategy in which the root node is expanded first, then all 
successors of the root node are expanded next, then their successors, and so on. 

• In general, all the nodes are expanded at a given depth in the search tree before any nodes 
at the next level are expanded. 

• Breath-first-search is implemented by calling TREE-SEARCH with an empty fringe that 

is a first-in-first-out(FIFO) queue, assuring that the nodes that are visited first will be 
expanded first. 

• In otherwards, calling TREE-SEARCH (problem,FIFO-QVEVE()) results in breadth-first 
search. 

• The FIFO queue puts all newly generated successors at the end of the queue, which means 

that Shallow nodes are expanded before deeper nodes. 



 
 
 

 

 

UNIFORM-COST SEARCH 

 

• Instead of expanding the shallowest node, uniform-cost search expands the node n with the 
lowest path cost. 

• Uniform-cost search does not care about the number of steps a path has,but only about their 

total cost. 

 

Sibiu to Bucharest. 

• The successors of Sibiu are Rimnicu Vilcea and Fagaras, with costs 80 and 99, respectively. 



• The least-cost node, Rimnicu Vilcea, is expanded next, adding Pitesti with cost 80 + 

97=177. The least-cost node is now Fagaras, so it is expanded, adding Bucharest with cost 

99+211=310. 

• Now a goal node has been generated, but uniform-cost search keeps going, choosing Pitesti 
for expansion and adding a second path to Bucharest with cost 80+97+101= 278. 

• Now the algorithm checks to see if this new path is better than the old one; it is, so the old 

one is discarded. Bucharest, now with g-cost 278, is selected for expansion and the solution 

is returned. 

 

 

 
 

Depth-first search 

• Depth-first search always expands DEPTH-FIRST the deepest node in the current frontier 
of the search tree. 

• Depth-first-search always expands the deepest node in the current fringe of the search tree. 

• The search proceeds immediately to the deepest level of the search tree, where the nodes 

have no successors. 



• As those nodes are expanded, they are dropped from the fringe, so then the search "backs 

up" to the next shallowest node that still has unexplored successors. 

• This strategy can be implemented by TREE-SEARCH with a last-in-first out (LIFO) 

queue, also known as a stack. 

• Depth-first-search has very modest memory requirements. 

• It needs to store only a single path from the root to a leaf node, along with the remaining 
unexpanded sibling nodes for each node on the path. 

• Once the node has been expanded, it can be removed from the memory, as soon as its 

descendants have been fully explored. 

• For a state space with a branching factor b and maximum depth m, depth first-search 

requires storage of only bm + 1 nodes. 

 

Drawback of Depth-first-search 

• The drawback of depth-first-search is that it can make a wrong choice and get stuck going 

down very long(or even infinite) path when a different choice would lead to solution near 

the root of the search tree. 

• For example, depth-first-search will explore the entire left subtree even if node C is a goal 

node 
 
 

 
• A variant of depth-first search called backtracking BACKTRACKING search uses still less 

memory. 

• Backtracking search facilitates yet another memory-saving (and time-saving) trick: the idea 

of generating a successor by modifying the current state description directly rather than 
copying it first. 

 

DEPTH-LIMITED-SEARCH 

• The problem of unbounded trees can be alleviated by supplying depth-first-search with a 
pre-determined depth limit l. 

• That is,nodes at depth l are treated as if they have no successors. 

• This approach is called depth-limited-search. 



• The depth limit solves the infinite path problem. 

• Depth limited search will be nonoptimal if we choose l > d. Its time complexity is O(b l) 
and its space complexity is O(bl). 

• Depth-first-search can be viewed as a special case of depth-limited search with l = oo 

• Sometimes, depth limits can be based on knowledge of the problem. 

• For, example, on the map of Romania there are 20 cities. 

• Therefore, we know that if there is a solution, it must be of length 19 at the longest, So l = 

10 is a possible choice. 

• However,it can be shown that any city can be reached from any other city in at most 9 

steps. 

• This number known as the diameter of the state space, gives us a better depth limit. 

• Depth-limited-search can be implemented as a simple modification to the general tree 

search algorithm or to the recursive depth-first-search algorithm. 

• The pseudocode for recursive depth-limited-search is shown. 

• It can be noted that the above algorithm can terminate with two kinds of failure : the 

standard failure value indicates no solution; the cut off value indicates no solution within 

the depth limit. 

• Depth-limited search = depth-first search with depth limit l, returns cut off if any path is 

cut off by depth limit 

 

 

 
• The depth-limited search can terminate with two kinds of failure: the standard failure value 

indicates no solution; the cutoff value indicates no solution within the depth limit. 

 
 

Iterative deepening depth-first search 

• Iterative deepening search (or iterative deepening depth-first search) is a general strategy, 

DEEPENING SEARCH often used in combination with depth-first tree search, that finds 

the best depth limit. 

• It does this by gradually increasing the limit—first 0, then 1, then 2, and so on—until a 

goal is found. 

• This will occur when the depth limit reaches d, the depth of the shallowest goal node. 

• Iterative deepening combines the benefits of depth-first and breadth-first search. 



• Like depth-first search, its memory requirements are modest: O(bd) to be precise. 

 

 
 

Bidirectional Search 

• The idea behind bidirectional search is to run two simultaneous searches 

• one forward from the initial state and 

• other backward from the goal, 

• It stops when the two searches meet in the middle. 

• The motivation is that b d/2 + b d/2 much less than bd
 



 
 

 



INFORMED (HEURISTIC) SEARCH STRATEGIES 

 

 

 



 
 
 



 
 

 



 
 

 
 



 
 

 

 

Memory-bounded heuristic search 

• The simplest way to reduce memory requirements for A∗ is to adapt the idea of iterative 

• deepening to the heuristic search context, resulting in the iterative-deepening A* (IDA∗) 

algorithm. 



• The main difference between IDA∗ and standard iterative deepening is that the cutoff used 

is the f-cost (g+h) rather than the depth; at each iteration, the cutoff value is the smallest f- 

cost of any node that exceeded the cutoff on the previous iteration. 

• Recursive best-first search (RBFS) is a simple recursive algorithm that attempts to mimic 

the operation of standard best-first search, but using only linear space. 

• RBFS is somewhat more efficient than IDA∗,  but still suffers from excessive node 

regeneration. 

• Like A∗ tree search, RBFS is an optimal algorithm if the heuristic function h(n) is 

admissible. 

• IDA∗ and RBFS suffer from using too little memory. 

• Between iterations, IDA∗ retains only a single number: the current f-cost limit. 

• Two algorithms that do this memory reduce are MA∗ (memory-bounded A∗) and SMA∗ 
(simplified MA∗). SMA∗ 

• SMA∗ proceeds just like A∗, expanding the best leaf until memory is full. 

• At this point, it cannot add a new node to the search tree without dropping an old one. 

• SMA∗ always drops the worst leaf node—the one with the highest f-value. 

• Like RBFS, SMA∗ then backs up the value of the forgotten node to its parent. 

• To avoid selecting the same node for deletion and expansion, SMA∗ expands the newest 

best leaf and deletes the oldest worst leaf. 

 

 
 

LOCAL SEARCH ALGORITHMS AND OPTIMIZATION PROBLEMS 

 

• Local search algorithms operate using a single current node and generally move only to 
neighbors of that node. 

Advantages: 

(1) they use very little 

memory—usually a constant amount; and 



(2) they can often find reasonable solutions in large or infinite state spaces 

 

• In addition to finding goals, local search algorithms are useful for solving pure 

optimization problems, in which the aim is to find the best state according to an objective 

function. 

• State-space landscape: A landscape has both “location” and “elevation”. 

• If elevation corresponds to cost, then the aim is to find the lowest valley—a global 

minimum; 

• if elevation corresponds to an objective function, then the aim is to find the highest 

peak—a global maximum. 

• A complete local search algorithm always finds a goal if one exists; an optimal algorithm 
always finds a global minimum/maximum. 

 



Hill-climbing search: 

• The hill-climbing search algorithm (steepest-ascent version) is shown in Figure 4.2. 

• It is simply a loop that continually moves in the direction of increasing value that is, 

uphill. 

• It terminates when it reaches a “peak” where no neighbor has a higher value. 

• The algorithm does not maintain a search tree, so the data structure for the current node 

need only record the state and the value of the objective function. 

• To illustrate hill climbing, we will use the 8-queens problem 

• Local search algorithms typically use a complete-state formulation, where each state has 

8 queens on the board, one per column. 

• The successors of a state are all possible states generated by moving a single queen to 
another square in the same column. 

• The heuristic cost function h is the number of pairs of queens that are attacking each 
other, either directly or indirectly. 

• The global minimum of this function is zero, which occurs only at perfect solutions. 

• Figure 4.3(a) shows a state with h=17. 

• The figure also shows the values of all its successors, with the best successors having 

h=12. 

• Hill-climbing algorithms typically choose randomly among the set of best successors if 
there is more than one. 

• Local maxima: a local maximum is a peak that is higher than each of its 
neighboring states but lower than the global maximum. 

• Ridges: Ridges result in a sequence of local maxima that is very difficult for 

greedy algorithms to navigate. 

• Plateaux: a plateau is a flat area of the state-space landscape. 



 
 

• Stochastic hill climbing chooses at random from among the uphill moves; the probability 

of selection can vary with the steepness of the uphill move. 

• First-choice hill climbing implements stochastic hill climbing by generating successors 
randomly until one is generated that is better than the current state. 

 

Simulated annealing 

 

• Simulated annealing - To combine hill climbing with a random walk - is such an 

algorithm. 

• In metallurgy, annealing is the process used to temper or harden metals and glass by 
heating them to a high temperature and then gradually cooling them, thus allowing the 

material to reach a low energy crystalline state. 



• To explain simulated annealing, we switch our point of view from hill climbing to 

gradient descent. 

• Figure 2.11 shows simulated annealing algorithm. 

• It is quite similar to hill climbing. 

• Instead of picking the best move, however,it picks the random move. 

• If the move improves the situation,it is always accepted. 

• Otherwise,the algorithm accepts the move with some probability less than 1. 

• The probability decreases exponentially with the “badness” of the move – the amount E 

by which the evaluation is worsened. 

• Simulated annealing was first used extensively to solve VLSI layout problems in the 

early 1980s. It has been applied widely to factory scheduling and other large-scale 

optimization tasks 

 
Local beam search 

• The local beam search algorithm3 keeps track of k states rather than just one. 

• It begins with k randomly generated states. 

• At each step, all the successors of all k states are generated. 

• If any one is a goal, the algorithm halts. 

• Otherwise, it selects the k best successors from the complete list and repeats. 

• In a local beam search, useful information is passed among the parallel search threads. 

• In its simplest form, local beam search can suffer from a lack of diversity among the k 

states where the search is expensive. 

• A variant called stochastic beam search, analogous to stochastic hill climbing, helps 

alleviate this problem. 

• Instead of choosing the best k from the pool of candidate successors, stochastic beam 

search chooses k successors at random, with the probability of choosing a given successor 

being an increasing function of its value. 

 

Genetic algorithms 

• A genetic algorithm (or GA) is a variant of stochastic beam search in which successor 

states 

• are generated by combining two parent states rather than by modifying a single state. 

• The analogy to natural selection is the same as in stochastic beam search, except that now 

we are dealing with sexual rather than asexual reproduction. 



 
 

• A Genetic algorithm(or GA) is a variant of stochastic beam search in which successor 

states are generated by combining two parent states,rather than by modifying a single 

state. 

• Like beam search, Gas begin with a set of k randomly generated states, called the 

population. Each state, or individual,is represented as a string over a finite alphabet – 

most commonly, a string of 0s and 1s. 

• For example, an 8 8-quuens state must specify the positions of 8 queens,each in acolumn 

of 8 squares,and so requires 8 x log2 8 = 24 bits. 

• Figure 2.12 shows a population of four 8-digit strings representing 8-queen states. 

• The production of the next generation of states is shown in Figure 2.12(b) to (e). 

• In (b) each state is rated by the evaluation function or the fitness function. 

• In (c),a random choice of two pairs is selected for reproduction, in accordance with the 

probabilities in (b). 

• Figure 2.13 describes the algorithm that implements all these steps. 



 
 

CONSTRAINT SATISFACTION PROBLEMS 

A Constraint Satisfaction Problem is characterized by: 

□ _a set of variables {x1, x2, .., xn}, 

□ _for each variable xi a domain Di with the possible values for that variable, and 

□ _a set of constraints, i.e. relations, that are assumed to hold between the values of the 

variables. [These relations can be given intentionally, i.e. as a formula, or extensionally, i.e. as a 

set, or procedurally, i.e. with an appropriate generating or recognising function. 

• We will only consider constraints involving one or two variables. 

• The constraint satisfaction problem is to find, for each i from 1 to n, a value in Di for xi 

so that all constraints are satisfied. 

• A CS problem is usually represented as an undirected graph, called Constraint Graph 

where the nodes are the variables and the edges are the binary constraints. 

• Unary constraints can be disposed of by just redefining the domains to contain only the 

values that satisfy all the unary constraints. 

• Higher order constraints are represented by hyperarcs. 

• In the following we restrict our attention to the case of unary and binary constraints. 

• Consistency Based Algorithms use information from the constraints to reduce the search 

space as early in the search as it is possible 

□ _This problem requires a lot of reasoning. 

□ _Time complexity of the problem is more as concerned to the other problems. 

□ _This problem can also be solved by the evolutionary approach and mutation operations. 

□ _This problem is dependent upon some constraints which are necessary part of the problem. 

□ _Various complex problems can also be solved by this technique. 



Example 



 
 

CONSTRAINT PROPAGATION 

 



 



 



 



 



BACKTRACKING SEARCH: 

 

The term backtracking search is used for depth-first search that chooses values for one variable 

at a time and backtracks when a variable has no legal values left to assign. 



 



ADVERSARIAL SEARCH 

 

GAME PLAYING 

 



 
 

 



 



 



 



 
 

OPTIMAL DECISION IN GAMES : ALPHA BETA PRUNING: 
 



 



 



 



 



STOCHASTIC GAMES 
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