Applications of Prolog Contents

Contents

Preface 15
1 Enigma 1225: Rows are Columns 17
1.1 APuzzle. . . . . e 17
1.2 First Thoughts . . . . . . . . . o 17
1.3 Symbolic Solutions . . . . . . . .. e 18
1.4 TImplementation Details . . . . . . . . . .. 20
1.4.1 Design Decisions . . . . . . . . . e 20

1.4.2  Admissible Permutations . . . . . . .. ... L 21
1.4.3 Generating Symbolic Matrices . . . . . . . ... L 21
1.4.4 Permuting Rows . . . . . . . L e 22

1.4.5  Transposing . . . . . . . ..o 22
1.4.6  Most General Patterned Symbolic Matrices . . . . . . .. ... ... ... 22
1.4.7 Distinct Rows . . . . . . . o 24
1.4.8 Evaluating Patterns . . . . . . . .. . 25

1.4.9 Computing Totals . . . . . . .. . 28
1.4.10 Complete Implementation . . . . . . . . . . . ... 28

1.5 Enhanced Implementation . . . . . . . . .. oL L 31
1.5.1 What is Wrong with the Present Implementation? . . . . .. . ... ... ... ...... 31
1.5.2  Some Results from the Theory of Permutations . . . . . .. ... ... ... ... ..... 32
1.5.3 Generating Representative Permutations . . . . . . . . ... ... ... 0oL 35
1.5.4 Finishing Touches . . . . . . . . . . e 43

www.sylvania.com

We do not reinvent
the wheel we reinvent
light.

Fascinating lighting offers an infinite spectrum of
possibilities: Innovative technologies and new
markets provide both opportunities and challenges.
An environment in which your expertise is in high
demand. Enjoy the supportive working atmosphere
within our global group and benefit from international
career paths. Implement sustainable ideas in close
cooperation with other specialists and contribute to
influencing our future. Come and join us in reinventing
light every day.

OSRAM
Light is OSRAM SYLVANIA

Download free eBooks at bookboon.com 3\5“\


http://bookboon.com/
http://bookboon.com/count/advert/ae925238-62e0-4fca-a4f2-a24b0097a136

Applications of Prolog Contents
2 Blind Search
2.1 Digression on the Module System in Prolog . . . . . . ... ... ... .. L.
2.2 Basic Search Problem . . . . . . . L
2.3 Depth First Search . . . . . . . . . . .
2.3.1 Naive Solution . . . . . . . . . e
2.3.2 Incremental Development Using an Agenda . . . . . . . . . ... .. ... ... .....
2.4 Breadth First Search . . . . . . . . . .. e
2.5 Bounded Depth First Search . . . . . . . . . . .
2.6 Iterative Deepening . . . . . . . . . . L
2.7 The Module blindsearches . . . . . . . . o o v i i i i it e e e e e e
2.8 Application: A Loop Puzzle . . . . . . ...
2.8.1 ThePuzzle . . . . . . . e
2.8.2 A ‘Hand-Knit’ Solution . . . . . . . . . .
2.8.3 Project: Automating the Solution Process . . . . . . . . . . .. ... ... ..
2.8.4 Project: Displaying the Board . . . . . . . .. ... oo
2.8.5 Complete Implementation . . . . . . . . ... L
2.8.6 Full Board Coverage . . . . . . . . . .
2.8.7 Avoiding Multiple Solutions . . . . . . . . . ...
2.8.8 Variants of the Loop Puzzle . . . . . . . . . ...
2.9 Application: The Eight Puzzle . . . . . . . ..
2.9.1 The Puzzle . . . . . . e
2.9.2 Prolog Implementation . . . . . . . .. . L L 100

360°
thinking.

Discover the truth at www.deloitte.ca/careers

Deloitte.

© Deloitte & Touche LLP and affiliated entities.

Download free eBooks at bookboon.com

Click on the ad to read more


http://bookboon.com/
http://bookboon.com/count/advert/0ba6aa54-2f19-4d35-9ee1-a00400a7e3c6

Applications of Prolog Contents

3 Informed Search 103

3.1 The Network Search Problem with Costs . . . . . . . . . . . .. ... .. ... ... ..... 103

3.1.1 Cost Measures . . . . . . . . .. 104

3.1.2 The A-Algorithm . . . . . . . . . 105

3.1.3 TIterative Deepening A* and its e-Admissible Version . . . . . . . .. ... ... ... ... 108

3.2 Case Study: The Eight Puzzle Revisited . . . . . . . . . . ... .. . . 114

3.2.1 The Heuristics . . . . . . . . . . 114

3.2.2 Prolog Implementation . . . . . . . .. .. oL 115

3.3 Project: Robot Navigation. . . . . . . .. .. . L e 118

3.4 Project: The Shortest Route in a Maze . . . . . . .. .. ... ... .. ... ... ... 121

3.4.1 Suggested Implementation Details . . . . . . . ... ... L 123

3.5 Project: Moving a Knight . . . . . . . .. 0. o 128

4 Text Processing 133

4.1 Text Removal . . . . . . . . e 133

4.1.1 Practical Context . . . . . . . . .. 133

4.1.2 Specification . . . . .. 134

4.1.3 Implementation . . . . . . . . Lo e 135

4.1.4 Using a LINUX Shell Script . . . . . . . .. o 139

4.1.5 Application: Removing Model Solutions . . . . . . . . ... .. ... ... ... ... 143

4.2 Text Generation and Drawing with INXTEX . . . . . . . o000 oo oo 146

421 Cycloids . . . . o oo e 146

4.2.2 Task . . . . e 147

4.2.3  Solution . . . . . .. 148

4.3 ExXercises . . ... e e 151
SIMPLY CLEVER SKODA

We will turn your CV into
an opportunity of a lifetime

Do you like cars? Would you like to be a part of a successful brand?
We will appreciate and reward both your enthusiasm and talent.
Send us your CV. You will be surprised where it can take you.

Download free eBooks at bookboon.com

Click on the ad to read more



http://bookboon.com/
http://bookboon.com/count/advert/b6907fa5-6d27-49ae-a477-a01a01116857

Applications of Prolog Contents

A Solutions of Selected Exercises 161
A.1 Chapter 1 EXercises . . . . . . . . . o 0 i i e 161
A.2 Chapter 2 EXercises . . . . . . . . . i 171
A.3 Chapter 3 Exercises . . . . . . . . . 186
A4 Chapter 4 EXercises . . . . . . . . . o v i 191

B Software 197

References 199

Index 201

Errata to Volume 1 203

2~ The Graduate Programme
I ]Olned MITAS because for Engineers and Geoscientists

I wanted real responsibility www.discovermitas.com

I was a construction

SUpErvisor in

the North Sea
advising and

e elping foremen
% solve problems

MAERSK

Download free eBooks at bookboon.com

Click on the ad to read more



http://bookboon.com/
http://bookboon.com/count/advert/9da50518-808b-41b3-9e08-9fe200fbad87

Applications of Prolog List of Figures

List of Figures

1.1 A Feasible Solution . . . . . . . . . . L 18
1.2 Hand Computations for Pattern Evaluation . . . . . . . ... ... .. ... ... ... ...... 27
1.3 Suggested Hand Computations for total/2 . . . . . . . . . . . .. . . . 28
1.4 Generating Feasible Solutions by square/5 . . . . . . . .. ... o o o 29
1.5 The Cycles 71 and 7o . . . . . . . . L o e e e 32
1.6 Enumeration Scheme for {(m,n) : m,n=0,1,2,...}. (See Exercise 1.12.) . . . ... . ... ... 40
1.7 Enumeration Scheme for {(m,n) : m,n=0,1,2,...}. (See Exercise 1.13.) . . . . ... ... ... 42
1.8 Suggested Hand Computations for splet/4 . . . . . . . .. . o o o 45
2.1 A Network. . . . . . L 48
2.2 The File 1inks.pl . . . . . . . . . e 49
2.3 Fragment of the File df1.pl . . . . . . . . . . . 49
2.4 The Search Tree . . . . . . . . . . e 50
2.5 The Pruned Search Tree . . . . . . . . . . . . 51
2.6 Depth First Search — The Conduit Model . . . . . . . . . . . ... . ... .. ... ... ..... 53
2.7 The File naive.pl . . . . . . . . . . e 54
2.8 The File df1.pl . . . . . . o e 56
2.9 Tllustrative Query for depth first/2 — First Version . . . . . . . . .. . . ... .. ... ... 57
2.10 The File df2.p1 . . . . . . . e e 58
2.11 Tllustrative Query for depth_first/2 — Second Version . . . . .. ... . ... ... ... .... 59
2.12 The New Network Component . . . . . . . . . . . . . . vttt 59
2.13 Hand Computations for the Query ?- depth first(s,q,Path). . . . . . . . . . .. ... . ... 61

EUROPEAN
#1 BUQINESB

FINANCIAL TIMES

-

= E

8 #gobevond

“ -
- -

MASTER IN MANAGEMENT 1 § e 0

- Beecause achieving your dreams is your greatest challenge. IE Business School’s Master in Management taught in English,
Spanish or bilingually, trains young high performance professionals at the beginning of their career through an innovative
and stimulating program that will help them reach their full potential.

Choose your area of specialization.
Customize your master through the different options offered.
Global Immersion Weeks in locations such as London, Silicon Valley or Shanghai.

Because you change, we change with you.

www.ie.edu/master management mim.admissions@ie.edu

Download free eBooks at bookboon.com

Click on the ad to read more



http://bookboon.com/
http://bookboon.com/count/advert/7a02d4d2-9105-46a9-9453-a37800b93d7c

Applications of Prolog List of Figures

2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25

2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40
2.41

The File df3.pl — Depth First with Closed Nodes and Open Paths . . . . . ... ... ... ... 63
The File df4.pl — Depth First with Path Checking . . . . . . . . . . .. .. ... ... .. .... 65
The File searchinfo.pl . . . . . . . . . . 0 e e 65
Interactive Session for depth_first/4 — Path Checking . . . ... .. ... ... ... ..... 66
A Network (see Exercise 2.4, p. 67) . . . . . . . .. 67
Breadth First . . . . . . . . . o e 68
The File bf.pl — Breadth First with Path Checking . . . . .. .. ... ... ... ... ... 69
Interactive Session for breadth_ first/4 . . . . . . . . 69
The File bdf.pl — Bounded Depth First (for Exercise 2.7) . . . . . . .. .. .. ... .. ..... 72
The File iterd.pl — Iterative Deepening . . . . . . . . . . .. o 73
Sample Session — Iterative Deepening . . . . . . . . . . ... oL oL 74
Sample Session — Modified Iterative Deepening (for Exercise 2.8) . . . . .. .. .. ... .. ... 75
The File netsearch.pl (for Exercise 2.10) . . . . . . . ... . .. L 75
Sample Session — The Loop Puzzle . . . . . . . .. .. . . 78
The File looppuzzlel.pl . . . . . . . . .. o e e e 79
Constructing a Solution of the Loop Puzzle . . . . . . . .. ... ... ... ... ... ...... 80
The File hand knit.pl. . . . . . . . oo o i 81
The File loop_puzzlela.pl . . . . . . . . . o ittt ittt 83
The File automated.pl . . . . . . . . .. L 84
Constructing a Loop . . . . . . . . . e 86
Running the Automated Implementation of the Loop Puzzle. . . . . . . .. ... ... .. .... 87
Semi-Automated Solution of the Loop Puzzle . . . . . . .. . ... .. ... ... .. ... .. .. 88
Session for Displaying the Board . . . . . . . . .. .. o 89
TMustrating Exercise 2.16 . . . . . . . . . . . o e 90
TMustrating Exercise 2.17 . . . . . . . . . o e 91
Solving the Puzzle Interactively. (See Exercise 2.18.) . . . . . . . . .. ... .. ... ... 92
TMustrating Exercise 2.19 . . . . . . . . . o e 93
Some positions not visited . . . . ... 94

“] studied
English for 16 -
years but... -

learned to
speak it in jus
six lessons”

Jane, Chinese architect

OUT THERE

I finally

Click to hear me talking

before and after my

unique course download

Download free eBooks at bookboon.com X\S«\

Click on the ad to read more


http://bookboon.com/
http://bookboon.com/count/advert/7df08111-c180-4bd8-97db-a2d500e6043a

Applications of Prolog List of Figures

2.42
2.43
2.44
2.45
2.46

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15

All positions visited . . . . .o 94
Solving the Loop Puzzle — Variant One . . . . . . . .. ... .. ... 97
Solving the Loop Puzzle — Variant Two . . . . . . .. .. ... . . 98
An Eight Puzzle . . . . . . e 99
Solving the Eight Puzzle . . . . . . . . . . . e 101
A Network with Costs . . . . . . . . . . e 103
Hand Computations: The Evolution of the Agenda for the A—-Algorithm (from d to ¢ in Fig 3.1) 107
An Interactive Session. (See Exercise 3.1.) . . . . . . . ... Lo 110
A Directed Network. (See Exercise 3.2.) . . . . . . .. ... L 111
Adjacency matrix of the network in Fig. 3.4 . . . . . . .. ... .o 111
Network for Exercise 3.3, Part (¢) . . . . . . . . .. 113
Calculating the Manhattan Distance between the tile arrangements in Fig. 2.45 . . . . . . . . .. 114
Solving the Eight Puzzle by Heuristic Search . . . . . . . . . ... .. ... ... ... ..... 116
Robot Navigation . . . . . . . . . . . o e e 119
Maze Search . . . . . . . . L e 122
Calculating the Euclidean Heuristic H; . . . . . . . . . . ... 123
Calculating the Alternative Heuristic Ho . . . . . . . . . . . . . ... 125
Search Graph for the Gates’ Position . . . . . . . . . . . . . . . .. e 126
Sample Session: Moving a Knight . . . . . .. ... .o oo 129
The Knight Moves One Step . . . . . . . . . o o 131

Excellent Economics and Business programmes at:

www.rug.nl/feb/education

Download free eBooks at bookboon.com

Z

university of = (A\ACSB

3 ACCREDITED
groningen <

i

J ' /
“The perfect start
of a successful,

b

international career’

j' CLICK HERE

to discover why both socially
and academically the University
of Groningen is one of the best
places for a student to be

10

Click on the ad to read more



http://bookboon.com/
http://bookboon.com/count/advert/5e8cd819-4ddd-4941-a6bb-a16900eac393

Applications of Prolog List of Figures

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23
4.24

Processing the File exam.tex . . . . . . . . . . . L e 134
The File with waters . . . . . . . . . . 0 135
The File without waters . . . . . . . .. . . . . i e 136
Running the Shell Script sieve . . . . . . . . . . o L 140
Another Run of the Shell Script sieve . . . . . . . . . .. . L 142
The File part_sln.tex. . . . . . . . . . .. . 143
Structure of the Printed Exam Script with Solutions . . . . . . ... ... ... ... ... ..., 144
The File part.tex . . . . . . . . . . 145
Running the Shell Script sieve . . . . . . . . . . . . L 145
Drawing a Cycloid (¢ =7/2) . . . . . .. . 146
Prolate Cycloid Drawn with \writecurve from Fig. 4.14 (r =5,a=8,35revs) . . .. ... .. 146
Curtate Cycloid Drawn with \writecurve similar to Fig. 4.14 (r =5,a=3,3.5revs) . .. . .. 147
Common Cycloid Drawn with \writecurve similar to Fig. 4.14 (r =5, a =5, 3.5 revs) . . . .. 147
Generating the INTEX Command \writecurve with define_command/4 . . . . . .. . ... ... 148
‘Quarter’ Cycloid Drawn with \writecurve (r =10, a=4,1/4revs). . . . . . . .. . ... ... 151
Generating the N TEX Command \defcirc with circ_command/4 . . . . . . .. . .. .. .. ... 151
Generating the WTEX Command \defcirc with circ_command/4 . . . . . . . . . ... ... ... 152
Generating the N TEX Command \defcirc with tmp_circ_command/4 . . . . . . . . . . .. ... 153
Polygon Drawn with \halfcirc . . . . . . . .. . . . e 154
Logarithmic Spiral Drawn with \spiral . . . . . . . . . . . ... .. .. ... ... 157
Growing Spirals . . . . . . . . e 158
The File spirals . . . . . . . . . . 158
The File spirals.tex . . . . . . . . . . e 159
Running the Shell Script curves . . . . . . . . .. o L 160

is currently enrolling in the

Interactive Online

programs:

enroll by October 31st, 2014 and

save up to 11% on the tuition!

pay in 10 installments / 2 years

Interactive Online education

visit

find out more!

Note: LIGS University is not accredited by an

b

Download free eBooks at bookboon.com

nationallgr recognized accrediting agency listed
the U

Secretary of Education.

ore info here.

11

Click on the ad to read more



http://bookboon.com/
http://bookboon.com/count/advert/ff2a784e-44d0-4687-80af-a3bc00b4ceb5

Applications of Prolog List of Figures

A.1 Hand Computations for total/2 . . . . . . . . . . . . e 164
A.2 Ferrers Diagrams and their Prolog Representations . . . . . . . .. ... ... ... ... ..... 166
A.3 Creating Distinct Temporary Predicate Names . . . . . . . . . .. ... ... ... ... ..... 167
A.4 Annotated Hand Computations for split/4 . . . . . . . . . o 170
A.5 Hand Computations for the Query ?- depth_first(d,c). . . . . . .. ... .. ... .. ... 172
A.6 Interactive Session for the Query ?- depth first(d,c). . . . . . . . . ... ... ..., 173
A.7 Hand Computations for the Query ?- depth first(u,c). . . . . . . . .. .. ... ..... 173
A.8 Tree for Finding Successor Nodes in the New Component . . . . . . ... ... ... ....... 173
A.9 Interactive Session for the Query ?- depth_first(u,c). . . . . . . .. .. ... ... 174
A.10 Sample Session for depth_first/4 . . . . . 176
A.11 Definition of exztend_path dl/3 . . . . . . . . . . 177
A.12 New Clauses for dfs 1oop/4 . . .« . o o i i i e e e 178
A.13 Updating of the Agenda by dfs - loop/4 . . . . .« o o i i i i 178
A.14 Clauses Added to bE.pl . . . . . . o oL 182
A.15 Definition of b_dfs_loop/5 (Exercise 2.7) . . . . . . . . . 183
A.16 Modified Version of iterd.pl (Exercise 2.8) . . . . . . . . . .. . .o 184
A.17 Automated Search . . . . . . .. e 188
A.18 Hand Computations: The Evolution of the Agenda for the A-Algorithm (from node I to node

10 M FIig 3.4) . o o 189
A.19 Interactive Session for Searching the Network in Fig. 3.6 . . . . . . . ... ... ... .. ..... 190

........................................................... «eeeeeseeseesfAlcgtel-Lucent @

www.alcatel-lucent.com/careers

One generation’s transformation is the next’s status quo.

In the near future, people may soon think it's strange that
devices ever had to be “plugged in.” To obtain that status, there
needs to be “The Shift".

N

Click on the ad to read more

Download free eBooks at bookboon.com

“\

12


http://bookboon.com/
http://bookboon.com/count/advert/7e44064c-b968-4b1f-947b-a2af00d9019c

Applications of Prolog List of Tables

List of Tables

1.1 CPU times for Various Board Sizes . . . . . . . . . . . .. 31
1.2 A Ferrers Diagram . . . . . . . . .. L e e 36
1.3 Suggested Examples for Exercise 1.10 . . . . . . . . . ... 38
2.1 CPU Times (in Seconds) for the Eight Puzzle with Blind Search . . .. .. ... ... ... ... 100
3.1 Straight Line Distances between Nodes in Fig. 3.1 . . . . . ... ... ... ... .. .. 104
3.2 Node Co-ordinates in the Network in Fig. 3.4 . . . . . . . ... ... . ... 110
3.3 Node Co-ordinates in the Network in Fig. 3.6 . . . . . . . . .. .. ... ... .. .. ....... 113
3.4 CPU Times (in Seconds) for the Eight Puzzle with Heuristic Search . . . . ... ... ... ... 117
A1 Partitions . . . . . oL e e 165
A.2 Example Paths and Prolog Implementations — Case One . . . . . . . ... ... ... ....... 175
A.3 Example Paths and Prolog Implementations — Case Two . . . . . . . .. .. .. ... .. ..... 176
A4 Valuesof H . . . . . o 187
A5 Distances between Nodes (Edge Lengths) in Fig. 3.4 . . . . .. ... . ... ... . ... ... 187
A.6 Results for the Eight Puzzle (Hill Climbing and Best First) . . . . ... .. ... ... ... ... 190

Lepdiny
% Maastricht University o Learniny’

Join the best at
N A N « 33" place Financial Times worldwide ranking: MSc
the Maastricht University International Business

+ 1% place: MSc International Business

M + 1%t place: MSc Financial Economics
SChOOI Of Bus' ness and - 2" place: MSc Management of Learning
° « 2" place: MSc Economics
Econom |CS! - 2" place: MSc Econometrics and Operations Research
+ 2" place:MSc Global Supply Chain Management and
Change

Sources: Keuzegids Master ranking 2013; Elsevier ‘Beste Studies’ ranking 2012;
Financial Times Global Masters in Management ranking 2012

Maastricht
University is
the best specialist
university in the
Netherlands
(Elsevier)

Master’s Open Day: 22 February 2014

www.mastersopenday.nl

N

Download free eBooks at bookboon.com

(’\

13
Click on the ad to read more


http://bookboon.com/
http://bookboon.com/count/advert/f7bfcf34-764f-4096-b68c-a27c00b0a12f

