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This activity introduces some ideas and techniques used in artificial intelligence (AI)
to search for possible solutions to problems. In many disciplines, 
real problems can be complicated and involve special cases, boundaries, etc. 
Thus, we often start with toy problems that are easier to describe, analyze, or solve.
 
Before you start, complete the form below to assign a role to each member.
If you have 3 people, combine Speaker & Reflector.
 
	Team
	Date

	 
	 

	Team Roles
	Team Member

	Recorder: records all answers & questions,
and provides copies to team & facilitator.
	 

	Speaker: talks to facilitator and other teams.
 
	 

	Manager: keeps track of time and makes sure
everyone contributes appropriately.
	 

	Reflector: considers how the team could
work and learn more effectively.
	 



This activity uses several icons:
🔑 is a key question; you should have a good answer that everyone understands. 
❓  is an optional question; you should skip it if you are behind schedule.
✋ is a pause; check with the instructor before you continue.
🛑is a stop; wait for other teams to catch up before you continue.

Reminders:
1. Note the time whenever your team starts a new section or question.
2. Write legibly & neatly so that everyone can read & understand your responses.

It's so much easier to suggest solutions when you don't know too much about the problem.
-- Malcolm Forbes


	[bookmark: _efybrb6jwafq](16 min) A. 8-Puzzles
	start
time:


[bookmark: _o3s6slcqhh48]
	1. (2 min) 8-puzzles have a 3x3 board with
8 sliding tiles and 1 space (see example below).
The goal is to slide one tile at a time until 
they form a familiar picture or sequence.
How many moves are possible if the space is in:
	a.
	the center?
	

	
	b.
	a corner?
	

	
	c.
	the middle 
of a side?
	[bookmark: _4mpqb0e63zzo]



2. (4 min) For the initial layout shown below, fill in blank boards to show each layout that is:
a. 1 move away from the initial layout.
b. 2 moves away from the initial layout (you may not need all of the boards).
 
	Initial Layout
	 
	
	6
	8
	4

	3
	1
	

	2
	7
	5



	 

	1 Move Away
	
	6
	
	

	3
	
	

	2
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	[bookmark: _l17eqrtzf9a4]




	2 Moves Away
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3. (2 min) Which layout(s) above are repeated, and how many times are they repeated?

[bookmark: _k3v2tjw7403l]


4. (2 min) If you added each layout that is 3 moves away, which layouts would be repeated?

[bookmark: _pnohnbo1k6er]


[bookmark: _hav4argu58a9]
5. (2 min) 🔑 In complete sentences, explain why it might be a good idea
to avoid repeated layouts when searching for a solution.

[bookmark: _ymunvwuaoqoa]


[bookmark: _l106c1x9yr54]
6. (2 min) ❓ The same idea can be adapted to other size boards. For example, 
a 15-Puzzle has 15 pieces on a 4x4 board, and a 3-Puzzle has 3 pieces on a 2x2 board.
	a.
	For a 15-Puzzle, what is the minimum number of possible moves?
	

	b.
	                              what is the maximum number of possible moves?
	[bookmark: _4fartf6rzwol]

	c.
	For a 3-Puzzle, what is the minimum number of possible moves?
	[bookmark: _j71u6py8k7ye]

	d.
	                              what is the maximum number of possible moves?
	[bookmark: _qqnm803hnhyn]



✋ Check with the instructor before you continue.


	[bookmark: _bdl8c69csgqq](10 min) B. Normal Magic Squares
	start
time:


[bookmark: _b5e8cygvsn5l]
	1. (4 min) A normal magic square (NMS) of order N 
is a set of distinct integers 1…N2 laid out in a N-by-N square
such that all rows, all columns, and both diagonals 
sum to the magic constant M = N(N2+1)/2.
	a.
	What is M for a square of order 3?
	

	b.
	Is square (b) at right a NMS?
	[bookmark: _e8y774k5017l]

	c.
	Is square (c) at right a NMS? 
	

	d.
	Is there a NMS of order 1?
	

	e.
	Is there a NMS of order 2?
	[bookmark: _dqz9296z0tsz]



	(b)
	8
	3
	4

	1
	6
	9

	5
	7
	2




(d)
	



	(c)
	2
	9
	4

	7
	5
	3

	6
	1
	8



(e)
	
	

	 
	




	[bookmark: _ca7585qbdax]
2. (2 min) 🔑 Explain your answers to 1d and 1e:

[bookmark: _fpigf3c4ui5u]





3. (2 min) For a blank square of order 4:
	a.
	How many cells (positions) does it have?
	[bookmark: _6js61heur5nl]

	b.
	If all cells are empty, 	how many could get the value 1?
	[bookmark: _vfis8nfhhkui]

	c.
	If 1 is in a cell, 		how many could get the value 2?
	

	d.
	If 1 & 2 are in cells, 		how many could get the value 3?
	

	e.
	If 1, 2, 3, & 4 are in cells, 	how many could get the value 5?
	[bookmark: _ac56km2uhc4u]



4. (2 min) Answer these questions with an expression, not a value. If all cells are empty:
	a.
	How many ways could 1 & 2 be placed?
	[bookmark: _z4dzgx6lqg3p]

	b.
	How many ways could 1 2, 3, & 4 be placed?
	[bookmark: _3x1gwxnbvubb]

	c.
	How many ways could all numbers be placed?
	[bookmark: _ltxg8heyqe0k]



✋ Check with the instructor before you continue.
[bookmark: _gd0ik168nuwo]


	[bookmark: _jdwadqd033em](10 min) C. 8-Queens Puzzle
	start
time:


[bookmark: _6e1evxdt9tft]
	1. (3 min) A chessboard is an 8x8 grid,
and each position can contain one chess piece.
How many ways are there to place:
	a.
	1 piece?
	[bookmark: _jwwirxso71df]

	b.
	2 pieces?
	[bookmark: _4fer83ctma1s]

	c.
	4 pieces?
	[bookmark: _owk26axrklw3]



2. (2 min) The queen piece can move any distance in any direction, as shown by the shaded positions at right.
The goal of the 8-Queens Puzzle is to place 8 queens 
such that none share a row, column, or diagonal.
	a.
	In diagram at right, 
do any queens share a row?
	[bookmark: _be4n7wlrld4]

	b.
	do any queens share a diagonal?
	[bookmark: _bmcn8qt5qmuq]


[bookmark: _8k1gxj7b6vxv]
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3. (2 min) 🔑 Explain why it is not possible to place 9 queens 
such that none share a row, column, or diagonal.

[bookmark: _b6sqmm29ew7h]


4. (3 min) ❓ These toy problems (8-Puzzles, Normal Magic Squares, and 8 Queens) 
share some characteristics with real-world problems, such as:
· Deciding which items to place on which shelves in a retail store.
· Deciding the times and classroom locations for courses in a high school or college.
Describe key characteristics that all these problems share, 
and explain what makes the real-world problems more difficult?

[bookmark: _c8wvscwkkndd]


Science never solves a problem without creating ten more.
-- George Bernard Shaw

🛑 Wait until the instructor tells you to continue.


	[bookmark: _m0193m9wprh5](16 min) D. States & Actions
	start
time:


 
Many AI problems (or approaches to solve them) have similar structures,
and consistent terminology can help us to compare problems and approaches.
This terminology may be familiar, if you have studied finite state automata (FSA).
Each problem involves some set of actions (or moves) that change its state.
Each problem starts from an initial state and tries to reach a goal state, 
where it passes a goal test. Most problems have one initial state (some have more),
and zero, one, or more goal states. A problem with no goal states can’t be solved.
[bookmark: _eut3qw4pvkqz]
1. (4 min) Describe the initial state and a suitable goal test for each problem:
	Problem
	Initial State
	Goal Test

	NMS
of order N
	NxN grid of empty cells
	Do all rows, all columns, 
and both diagonals sum 
to the magic constant M?

	8-Puzzle



	[bookmark: _6jiqqrstn9hy]
	[bookmark: _jgwk9hx83kdl]

	8-Queens



	[bookmark: _dpe8koxg670e]
	[bookmark: _vxf108wmf535]
[bookmark: _ns5wwhbn1kjc]



2. (2 min) Answer the questions below:
	a.
	Does a NMS of order 2 have 	a goal test?
	[bookmark: _5a8owgy5hmtl]

	b.
						a goal state?
	

	c.
	A 3-Puzzle has the initial state and goal state shown below.
Is it possible to reach the goal state from the initial state?
	[bookmark: _3wr65bolf8ee]



	
	initial:
	
	goal:
	

	
	
	3
	
	1
	2
	

	
	1
	2
	
	3
	
	

	
	
	
	
	
	
	





In general, each state has a set of applicable actions, and each action
leads to a successor state (also called a next state). A transition model 
or transition function defines how actions move from one state to another.

	3. (2 min) An 8-Puzzle has at most 4 actions:
        	slide left, right, up or down.
At right, show states with only 3 and 2 
applicable actions.

[bookmark: _bg1rnikvc196]
	a. 3 actions 
	
	
	

	
	
	

	
	
	



	b. 2 actions
	
	
	

	
	
	

	
	
	




	
4. (2 min) In an 8-Queens Puzzle, 
each action makes other actions inapplicable.
At right, put a 1 in each position blocked by Queen A,
and then a 2 in each position blocked by Queen B.
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	[bookmark: _capt4v6ymwhe]
	[bookmark: _8ps71hc82wcm]




	5. (2 min) The number of applicable actions can vary, 
but there can also be a general trend.  Over time, does 
the number tend to go up, down, or stay the same in:
	a.
	8-Puzzle
	

	b.
	8-Queens
	

	c.
	Normal Magic Square (NMS)
	[bookmark: _zdbo30ii2lgq]


[bookmark: _oo82v24br68m]
	goes down              goes up
Time →
# Actions →

Time → 
# Actions →




6. (2 min) 🔑 In general, will it be easier to search states if the number of applicable actions 
goes up or down over time? Explain your answer.

[bookmark: _6t66tzac7im5]
[bookmark: _sdq9j5i3ig12]


✋ Check with the instructor before you continue.


	[bookmark: _m3xo0z6b2wbv](10 min) E. Paths & State Space
	start
time:


[bookmark: _evf7eqgq01hh]
1. (2 min) A sequence of states connected by applicable actions is a path.
In some problems, the challenge is to find a goal state; in other problems, 
the goal state is known or obvious, and the challenge is to find a goal path.
Categorize each of the following as a goal state or goal path problem.
	a.
	8-Puzzle
	[bookmark: _zhpcj09j9wia]

	b.
	8-Queens
	[bookmark: _q1ngzjrv1die]

	c.
	Normal Magic Square
	[bookmark: _umn2o54jluxp]



2. (3 min) Some paths may be better than others, even if they reach the same goal state;
thus, we can define a path cost function to compare paths. For an 8-Puzzle:
	a.
	Would most people prefer a path with 20 actions & states, or 200?
	[bookmark: _szlereacj3tl]

	b.
	What is a possible path cost function ?
	[bookmark: _f7o0p3kb03r]



3. (2 min) 🔑 The initial state, possible actions, and the results of those actions (the transition model) together define the set of all possible states that can be reached. 
This is called the state space. In complete sentences, describe the state space for tic-tac-toe.

[bookmark: _2ttk24mipvnk]
[bookmark: _o9aiucjiat7]
[bookmark: _fpde79whq2tp]


4. (2 min) ❓ Some problems have states that cannot be reached through any sequence of actions, and thus are not in the state space. Describe 2 unreachable states for tic-tac-toe.

[bookmark: _i646g8cgzivk]
[bookmark: _t1xwq4sloboz]


🛑 Wait until the instructor tells you to continue.


	[bookmark: _r7u5ba9ef9e7](16 min) F. Searching State Space
	start
time:



	
We can think of state space as a map, 
where each state is a place on the map. 
Our goal is to find a set of actions to move 
from the initial state to a goal state.

The figure at right is a sample map, with
initial state IN, goal states G1-G3,
and up to 4 actions from each state.
Each “1” is 1 step away from IN, 
each “2” is 2 steps away from IN, etc.
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1. (3 min) On the map above, how many states are:
	a.
	2 steps away from IN?
	[bookmark: _k1vgi9d6ye8o]

	b.
	3 steps away from IN?
	

	c.
	4 steps away from IN?
	



2. (2 min) Would the number of states within 4 steps increase faster or slower:
	a.
	if each state had 2 possible actions?
	[bookmark: _swbtxaxdc4o8]

	b.
	if each state had 6 possible actions?
	[bookmark: _bumime3o2a84]



3. (2 min) A map of state space can help us think about ways to search state space.
The number of actions on a path is the path length.
	a.
	Which of the 3 goals has the shortest path length from IN?
	[bookmark: _od74ky9k0xoi]

	b.
	Which goal is farthest from IN?
	[bookmark: _qr2ul38z57i1]





Any search problem can be formally defined by:
· state space (initial state, actions, transition model)
· goal test
· path cost function
Artificial intelligence typically considers search problems with large and complex state spaces,
in which an algorithm can only explore a small fraction of the states.

4. (3 min) 🔑 The table below provides describes general categories of problems.
For each description, decide whether solving the problem will require 
one action from each state, several actions, or many actions (at random).

5. (4 min) 🔑 Rank the categories in the table below from easiest (1) to hardest (6).
If two categories seem equal, give them an equal ranking.

	
	Description of Problem Category
	Approach
	Ranking

	a.
	You know the goal state. 
You don’t know which actions lead towards it.
	
	[bookmark: _a2asq9phjnhp]

	b.
	You know the goal state. 
You have clues for which actions lead towards it.
	
	

	c.
	You don’t know the goal state. 
You have clues for which actions lead towards it.
	
	

	d.
	You know the goal state. 
You know which action(s) leads towards it.
	
	

	e.
	You don’t know the goal state. 
You don’t know which actions lead towards it.
	
	

	f.
	You don’t know the goal state. 
You know which action(s) leads towards it.
	
	[bookmark: _eioq4fy7qns0]



6. (2 min) 🔑 Describe the principles or insights that you used to rank the categories.

[bookmark: _dgdtsqu5mf94]
[bookmark: _ugfzwbog50uw]


🛑 Wait until the instructor tells you to continue.


	[bookmark: _xi7yss21c52n](8 min) G. Analysis using Factorial
	start
time:


[bookmark: _sszvccoltep3]
[bookmark: _fgczl6jl8djy]
1. (2 min) The product of the sequence 1*2*...*n is written as n! and called n factorial.
Answer each question below with an expression that uses factorial(s) - 
do not multiply or divide to get a final value.
	a.
	Write out the integers in 5!
	[bookmark: _9lhqf426ukxj]

	b.
	Write out the integers in 8!
	

	c.
	Use 5! in an expression for 8!
	

	d.
	Use 5! and 8! in an expression for 6*7*8
	

	e.
	Write an expression for the number of ways 
to fill a blank square of order 4:
	[bookmark: _9pxmpy937gez]



2. (2 min) In the 8-Queens Puzzle:
	a. 
	How many ways could 8 queens be placed?
	[bookmark: _rpk2yc4kwva7]

	b.
	Write the answer to the previous question using 2 factorials
	[bookmark: _25d0fdbwqvdo]


[bookmark: _k67ldgbbewz0]
3. (3 min) In the general case of a blank square of order N.
	a.
	How many cells does it have?
	[bookmark: _iw4n3y4t4kyb]

	b.
	How many ways could the value 1 be placed?
	[bookmark: _70hicu5n3bdi]

	c.
	How many ways could the values 1 & 2 be placed?
	[bookmark: _byf15vfgewxo]

	d. 
	How many ways could all values be placed?
	[bookmark: _9bkf2zlv3tv4]

	e.
	How many ways could all but the last 2 values be placed?
	[bookmark: _ugy1jrimqh98]

	f.
	How many ways could all but the last 3 values be placed?
	[bookmark: _c4jdlmers866]

	g.
	How many ways could all but the last M values be placed?
	[bookmark: _ue4we2082kk]

	h.
	How many ways could the first M of N values be placed?
	[bookmark: _knwwra5u6k3y]



🛑 Wait until the instructor tells you to continue.


	[bookmark: _mq589rrlc0cs](7 min) H. Traveling Salesperson
	start
time:


[bookmark: _whdwai4dhi0x]

	1. (2 min) In the Traveling Salesperson Problem, we have a list of cities and the distances between them.
The goal is to find the shortest trip that visits each city exactly once and returns to the starting position. 
Explain why a non-ideal solution might be acceptable.

[bookmark: _v03lj9fqvvt7]
	










2. (2 min) 🔑 Describe how the path cost function for Traveling Salesperson 
might depend on distance, time, sales, or expenses (e.g. for meals, hotel rooms, flights).

[bookmark: _gxxvy1sg6n6o]
[bookmark: _jusecarfvpb6]
[bookmark: _ysqvorwc6qrm]


3. (2 min) ❓ Why might techniques to solve Traveling Salesperson be of great interest to delivery services (e.g., Amazon, FedEx, UPS)? What other problems are similar?

[bookmark: _1vhzggges4rl]



[bookmark: _ns56vvfcq88e]


For every complex problem there is an answer that is clear, simple, and wrong.
-- H. L. Mencken
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[SOLUTION:

1. TAKE. THE GOAT ACROSS.

3. TAKE THE CABBAGE ACROSS.
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4. LEAVE THE WOLE'
WHY DID YU HAVE. A WOLF?
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