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Abstract

Presents a method for solving crosspatch puzzles and a program embodying the method.

This publication is available in Web form' and also as a PDF document”. Please forward any
comments to tcc-doc@nmt.edu.
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1. Introduction to crosspatches

Crosspatch puzzles, also known as Kr1ss Kross puzzles in copyrighted Dell publications, have been
around for many decades. W1k1ped1a calls them Fill-In puzzles, but gives no history.

In this form of puzzle, the solver is given a crossword-like grid, and a list of words that must be arranged
so that they all interlock.

Here is a trivial puzzle with only four words, shown after its solution:

RII][|S]|S

wlunu|l0|lm|X

D
Y
L
L

In some puzzles, one or more words, or in rare cases single letters, will be provided initially.

2. Installation

The program consists of a single script in the Python language named kkck. It will work in any Python
version 2.5 or later, and may work in earlier versions as well. Click here to download the source file*.

3. Operation of the script

The kkck script takes as input a puzzle encoded as a text file in a straightforward form. Here is the ex-
ample puzzle from Section 1, “Introduction to crosspatches” (p. 3) in its encoded form:

HH#H#HH#
# #
# #
HH#H#HHHH
# #

idyll kriss kross
solver

An input file is a sequence of lines of three types:

® The framework comes first, with each row of the puzzle encoded on a separate line. Empty cells are
denoted by the # character, and spaces represent places where letters will not be placed.

3 http / /en.wikipedia.org/wiki/Fill-In_(puzzle)
http //www.nmt.edu/tcc/help/lang/python/examples/kkck/kkck
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¢ A blank (or empty) line follows the framework, to separate the framework from the word list.

® The word list enumerates all the words (or other strings of symbols) that are to be fit into the framework.
The format of this section of the file is free-field: the words may be scattered over any number of lines,
and separated by any of the common whitespace characters (spaces or tab characters).

Although we call them “words,” in practice they may contain digits and any special character other
than #. Words may not contain internal spaces.

If initial clues are given, the letters of the clue replace the corresponding # characters in the framework.
For example, here is a framework section with one of the words already filled in:

#ti4H
#d
#y
##
# 1

Comments may be included anywhere in the input file by starting each comment line with an exclamation
point (“!”) character.

To solve a puzzle, run kkck like this:

kkck filename

where the filename is the name of the input file.

The program will print out all solutions (if there are any), followed by a line giving the total number of
solutions. A properly constructed puzzle will have exactly one solution.

3.1. Performance notes

The script uses two techniques to solve the puzzle. In the first phase, it makes one or more passes through
puzzle using a technique called “cyclic reduction;”, repeating these passes until the puzzle is solved or
until this technique makes no more progress. During this phase you will see messages that look like
this:

=== (Cyclic reduction: 135 choices for 82 slots
=== Cyclic reduction: 82 choices for 82 slots

These example lines came from a puzzle with 82 words; only two passes of cyclic reduction were neces-
sary to find the solution.

Most puzzles are solved in less than a second in the cyclic reduction phase. For uncommonly difficult
puzzles, the script goes into a second phase using a recursive algorithm that will, given sufficient time,
find solutions to any puzzle. The only puzzle the author has tried that took more than a few seconds
was a 21x21 puzzle with 56 slots, all with six letters. On a 3.6GHz 64-bit Intel processor this puzzle took
over forty hours to find two solutions. The puzzle was symmetric about its main diagonal, so the two
solutions are also symmetric.

4. Design of the script

Before examining the code, here is an overview of the design.
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4.1. Definitions of terms

cell
One of the locations where a letter will be placed in the final puzzle. The blank spaces within the
puzzle are not considered cells.

slot
A slot is a sequence of two or more contiguous cells that will be occupied by a word in the final
puzzle.

4.2. Data structures

Here is an entity-relationship diagram5 illustrating the relationships between puzzles, cells, and slots.

1 1
Puzzle
1
In In 1n
1n 1,2 1 1
Cell Slot Word

We represent the puzzle internally using instances of four corresponding classes.

* An instance of class Puzzle represents the entire puzzle, and contains the primary logic for solving
it. It is a container for a collection of multiple cells, slots, and words.

¢ A Cell instance represents the location of one cell of the puzzle. A given cell may be related to two
slots (if it is the intersection between a horizontal slot and a vertical slot), or it may be related to only
one slot.

* A Slot instance represents the location of one word slot in the puzzle.
¢ A Word instance represents one of the words that fits in some slot.

To describe the geometry of the puzzle, we will use row and column indexes. An instance of helper
class Coord represents one location in the puzzle as a row index and a column index, both counting
from zero. The upper left corner of the puzzle is row 0, column 0.

For various reasons, we'll define a complete ordering relation on Coord instances. This ordering is the
usual scan order for European languages: starting in the upper left corner, across the first row, then left
to right in the second row, and so on.

We also define a complete ordering for S1ot instances. Slots are ordered according to the row and
column coordinates of their first cell, with their orientation as a secondary key: if two slots share the
same first cell, the horizontal slot is considered before the vertical slot. We define numbers for the two
orientations: 0 for horizontal, 1 for vertical.

4.3. Overview of the solution algorithm

Note in the entity-relationship diagram in Section 4.2, “Data structures” (p. 5) that each word is shown
as being related to exactly one slot, and vice versa. This is true for the puzzle in a solved state. The

5 http:/ /en.wikipedia.org/wiki/Entity-relationship_model
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problem we have to solve is how to get the puzzle into the solved state—or states, since a poorly-con-
structed puzzle may have multiple solutions.

Probably the simplest algorithm to implement would be a brute force recursive algorithm. Once we
have defined an order for the slots, we would try every word that fits in the first slot, and for each
possible choice, recursively call a solver that tries all the options for the next slot, and so forth until we
either reach a contradiction (where there are no words that will fit in some slot), or reach a solution
state.

For an example of a similar puzzle solver using this technique, see A sudoku solver®. For some of the
hardest sudoku puzzles, the solution on relatively modern processors may take several minutes.

Although this is not an impractical interval, the author wished to try for major efficiency gains by reducing
the number of candidates for each slot before starting the recursive process. For almost all published
puzzles, a technique of cyclic reduction (described below) is sufficient to solve them, but the author has
encountered a few expert-level puzzles that cyclic reduction would not solve the puzzle.

The next three sections describe three phases of solution. The goal of the program is to build a data
structure representing a solution, that is, it shows only one word for each slot.

* The goal of the first phase, described in Section 4.4, “Initialization” (p. 6), is to come up with an
initial list of possible words for each slot. Later phases will attempt to reduce this word list to one
choice for each slot.

* The second phase is described in Section 4.5, “Cyclic reduction” (p. 6). This will be sufficient for
solution of all but the toughest puzzles.

¢ The third phase is described in Section 4.6, “The recursive algorithm” (p. 7). cases.

4.4. Initialization

The purpose of the initialization phase is to assign to each slot in the puzzle a list of all the possible
words that may be used to fill it.

Ignoring for the moment any initial clues provided with the puzzle, the primary criterion for selecting
words is their length. So the first step is to associate all three-letter words with each three-letter slot; all
four-letter words with each four-letter slot; and so forth.

As for initial clues, there may be none—we may get only an empty framework. However, in general,
the initial puzzle may show any number of cells filled in. The most common case is that one slot will
have its entire word filled in, but the author has seen puzzles with more than one initial word placed,
and also puzzles that had only a sprinkling of single letters here and there.

Conceptually, then, in the general case the initial clues can be represented as a set of cells that have their
initial letters filled in. These initial clue cells can be used to eliminate some of the possibilities for one
or both slots that pass through that cell.

4.5. Cyclic reduction

Once we have a tentative set of the word choices for each slot, we can reduce the number of choices for
each slot by three processes of elimination:

e Intersection test: where two slots intersect, they must have the same letter in that position.

So, if we look at each cell that is an intersection between two slots, clearly the letter at that cell must
be one that is available in both the choices for the horizontal slot and the choices for the vertical slot.

6 http:/ /www.nmt.edu/tcc/help/lang/python/examples/sudoku
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o Unigque-word test: if there is only one word that fits in a given slot, that word may not be used in any
other slot.

¢ Unique-slot test: if there is only one slot that has a particular word in its set of choices, that slot must
contain that word.

The “cyclic reduction” phase of solution, then, consists of walking through all the intersection cells and
trimming the lists of choices for slots by these three mechanisms.

Each time we eliminate some choices from a slots, there is a ripple effect—changes propagate to other
slots, allowing us to eliminate more choices, which propagates to other slots, and so on.

Therefore, whatever we do to eliminate choices, we must repeat this process until we either solve the
puzzle, or until another pass through the puzzle does not eliminate any more choices.

If we reach a solution, all we need to do is display the current of the puzzle and terminate execution.

If instead we reach a point where some slots still have multiple words that may fit, and cyclic reduction
does not eliminate any choices, then we'll have to proceed to Section 4.6, “The recursive al-
gorithm” (p. 7).

One design question remains: how do we sequence the three kinds of tests that we use to eliminate
choices? For example, while we are reducing choices with the intersection test, whenever the count of
the word choices for a given slot goes down to one, we can immediately remove that word from all
other slots. However, these further removals will affect other intersection tests, and so on, with the po-
tential for changes that ripple through the entire puzzle.

Just to keep things conceptually simple, the approach will be to define a reduction cycle that applies all
three tests at least once to every component of the puzzle. This cycle will be repeated until we either
solve the puzzle or stop making progress.

Here's an outline of the reduction cycle:

1. Step through all the cells in the puzzle. For every cell that is related to both a horizontal and vertical
slot, reduce the choices for both slots by applying the intersection test.

2. Step through every slot in the puzzle. If any slot has only one choice, remove that choice from all
other slots: this is the unique-word test.

3. Step through every word in the puzzle. If any word is a choice for only one slot, remove all other
choices from that slot, and remove that choice from all other slots.

Note that this steps need to know three things: what slots intersect a given cell; what word choices remain
for a given slot; and which slots have a given word as a choice. See Section 4.7, “The WordBank
class” (p. 8) for the data structures that support these features.

4.6. The recursive algorithm

As discussed in Section 4.3, “Overview of the solution algorithm” (p. 5), recursive solution relies on
organizing the set of slots into an ordered set. Once we know which slot is considered the first slot, we
try all the different choices for the first slot, then try all the different choices for the second slot, and so
forth until we either reach a solution, or we reach a contradiction—where there are no remaining can-
didates for a given slot.

The recursive method for a given slot assumes that all previous slots have been solved (that is, that each
has exactly one word choice remaining). The recursive method is a generator: it generates all the solutions
that start at the current state of the puzzle, if there are any solutions based on the current state.

The basis case for recursion is when we reach the last slot and there is only word that fits that slot. This
means that the current state is a solution to the puzzle, so the method yields self, which is yielded

New Mexico Tech Computer Center kkck: A solver for Kriss Kross puzzles 7



back through all the recursive layers and finally yielded by the first-level method of the recursive al-
gorithm.

If we reach a slot and there are no choices left for the slot, the recursive method raises a StopIteration
exception to signify that there are no solutions based on the current state.

The general case is when the current slot has multiple choices remaining. This case is easy to describe
in general: we try each of the remaining choices for the current slot, and for each choice, try recursively
to solve the remaining slots.

This is tricky because we may have to backtrack some of the actions that occur during recursive solution.
For example, suppose we only have three unsolved slots: call them A, B, and C, in order.

So we pick one of the words that is still a choice for slot A, and recur until we reach the recursion for
slot B. At that point we pick the first choice for slot B and recur. But then suppose later we find that
with those choices for slots A and B, none of the choices for slot C work anymore.

At that point, the choices that we removed from slot C must be put back. This is where the backtracking
comes in.

So the backtracking is handled in the recursive algorithm in this way. At this point, we are assuming
that the current slot is not the last slot, and that there are two or more choices for that slot.

1. Remember the current set of choices for the slot.
2. Temporarily remove all those choices from the slot.
3. For each of the original choices:
1. Reinstate that choice for this slot.
2. Recursively call the solver method starting at the following slot.

3. Remove that same choice from the slot's choices.

4. Reinstate all the original choices for this slot.

4.7.The WordBank class

The algorithms described in the previous sections need two subtle features:

¢ The cyclic reduction algorithm (see Section 4.5, “Cyclic reduction” (p. 6)) needs to know when a
pass through all the slots has not eliminated any choices, so that it will not loop endlessly.

e The recursive algorithm (see Section 4.6, “The recursive algorithm” (p. 7)) needs a backtracking
mechanism, so that choices removed from slots due to earlier assumptions can be reinstated.

Accordingly, we define a class WordBank that contains these mechanisms.

* An instance of this class is primarily a container for the word list.

¢ This instance is the logical place to hold the current list of word choices for each slot. We can keep a
running count of the total number of choices for the entire puzzle. When this count is exactly the same
as the number of slots, we know that there is only one choice per slot, hence the puzzle is solved. The
obvious data structure here is a dictionary whose keys are slot instances, and each related value is a
list of the word choices for that slot.

Furthermore, the cyclic reduction algorithm can record the value of this running count before each
pass through the set of slots, and then check it again after the pass. If the value has not changed, we
know we have reached the point where we are no longer eliminating choices.

8 kkck: A solver for Kriss Kross puzzles New Mexico Tech Computer Center



¢ Building and reducing the list of choices for each slot will be done by calling methods on this instance.
Method .mayBe () tells the instance that a given word may be the solution to a given slot; method
.1sNot () tells the instance that a given word is not the solution to a given slot.

* Applying the unique-slot test (see Section 4.5, “Cyclic reduction” (p. 6)) means that we need to know
the set of slots that include a given word in their choices. This will be implemented by a dictionary
whose keys are the words in the puzzle, and each corresponding value is a list of the slots for which
this word is still one of the choices.

5. Code prologue

The balance of this document is the actual code for kkck, in lightweight literate programming form”.
The code is also an example of the author's style of Cleanroom software development®. In particular,
the comments in [ square brackets ] are Cleanroom intended functions that describe the semantics of
the code in a semi-algebraic notation.

The code starts with a line to make it self-executing on Unix systems, followed by a pointer back to this
documentation.
kkck

#!/usr/bin/env python

# kkck: A solver for Kriss Kross puzzles. For documentation, see
# http://www.nmt.edu/tcc/help/lang/python/examples/kkck/kkck.html
H#

PROGRAM NAME = "kkck"
EXTERNAL VERSION = "0.0"
VERBOSE = False # For logorrheic output

6. Imports

Modules used by the script include sys, the usual Python system interface.

kkck

He=ee=
"

# Imports

import sys

We'll also use an interesting container type, the defaultdict class from Python's optional collec-
tions module. See the online documentation for defaultdict’.
kkck

from collections import defaultdict

7. Manifest constants

This section defines constants used throughout the script, placed up front in case any of them need
modification.

7 http:/ /www.nmt.edu/~shipman/soft/litprog/
8 http:/ /www.nmt.edu/~shipman/soft/clean/
? http:/ /docs.python.org/library / collections.html
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7.1. UNK_CELL

The character used to represent an unsolved letter in the puzzle.

kkck

UNK CELL = '#'

7.2. COMMENT_CHAR

Lines in the input file starting with this character are ignored.
kkck

COMMENT CHAR = "I

8. main():The main program

The main logic is straightforward. The Puzzle() constructor reads the puzzle file and performs the
initialization phase; see Section 14, “Puzzle. _init__ (): Constructor” (p. 14). See also Section 9,
“usage (): Show command line argument usage” (p. 11) and Section 10, “fatal(): Write a message
and stop” (p. 12).

kkck

1+
# Functions and classes

# - - - madin

def main():
"''Kriss Kross puzzle solver, main procedure.

[ sys.argv names one readable, valid Kriss Kross puzzle file ->
sys.stdout +:= (solution(s) to the puzzle, if any) +
(number of solutions)

else ->
sys.stderr +:= error message(s) 1]

print "===== %S %s =====" % (PROGRAM NAME, EXTERNAL VERSION)
#-- 1 --
# [ if sys.argv names one readable file ->
# inFile := that file, opened for reading
# else ->
# sys.stderr +:= error message(s)
# stop execution ]

argList = sys.argv[l:]
if len(arglList) == 1:
try:
inFileName = arglList[0]
inFile = file ( inFileName )
except IOError, detail:
fatal ( "Couldn't open input file '%s': %s" %

10
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(inFileName, detail) )
else:
usage ()

See Section 13, “class Puzzle: The top-level container” (p. 13) and Section 14, “Puzzle. init ():
Constructor” (p. 14).
kkck

#-- 2 --

# [ if inFile contains a valid puzzle file ->

# puzzle := a Puzzle instance representing that file
# else ->

# sys.stderr +:= error message(s)

# stop execution ]

try:

puzzle = Puzzle ( inFile )
except SyntaxError, detail:
fatal ( "Terminated due to puzzle syntax errors: %s" %
detail )
print "=== Initial state"
print puzzle.show()

For the generator that produces all the solutions, see Section 37, “Puzzle.genSolutions (): Generate
all solutions” (p. 33). This generator yields the Puzzle instance in a solved state, and the method de-
scribed in Section 27, “Puzzle. show(): Display the state of the puzzle” (p. 27) returns the solution
as a multi-line string. We'll also need a counter to keep track of how many solutions were produced.
kkck

#-- 3 --
nSolutions = 0

#-- 4 --
# [ nSolutions +:= number of solutions of puzzle, if any
# sys.stdout +: solutions of puzzle, if any 1
for solution in puzzle.genSolutions():
nSolutions += 1
print "\n=== Solution #%d" % nSolutions
print solution.show()

#-- 5 --
# [ sys.stdout +:= nSolutions ]
print "=== Total number of solutions: %d" % nSolutions

9. usage(): Show command line argument usage

This code uses Section 10, “fatal (): Write a message and stop” (p. 12).
kkck

#- - - usage

def usage():
'''Display correct command line argument usage

[ sys.stderr +:= error message showing command line usage
stop execution ]
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fatal ( "Takes one argument, the name of the puzzle file." )

10. fatal(): Write a message and stop

Writes a message to Sys.stderr and stops. The arguments are one or more strings comprising the
message.
kkck

# - - - fatal

def fatal ( *L ):
'""'Write an error message and stop.

[ L is a list of strings ->
sys.stderr +:= concatenated elements of L
stop execution ]
print >>sys.stderr, "*** Error: %s" % (''.join(L))
sys.exit(1l)

11. showIsV(): Display “H” or “V”

This function translates the usual orientation code—0 for horizontal, 1 for vertical—to letter “H” or “V”
for easier interpretation by humans.

kkck

# - - - SshowlIsyV

def showIsV(isV):
'"'*'"Translate an orientation code

[ if isV == ->
return 'H'
else ->
return 'V' ]

return "HV"[isV]

12. perpendicular(): Return the opposite orientation

In this application, we often use 0 to denote a horizontal slot and 1 to denote a vertical slot. This utility
routine inverts the sense of such a value. Assuming the value is either 0 or 1, subtracting the value from
1 will give the opposite value.

kkck

# - - - perpendicular

def perpendicular ( isV ):
"''Invert an 'isV' flag.
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[ if isV is 0 ->
return 1
if isV is 1 ->
return 0 ]

return 1-isV

13. class Puzzle: The top-level container

kkck

# - - - - - class Puzzle

class Puzzle(object):
''"'Represents a Kriss Kross puzzle and solving mechanism.

Exports:
Puzzle ( inFile ):
[ inFile is a readable file ->
if inFile contains a valid puzzle file ->

return a new Puzzle instance representing that file
else ->

raise SyntaxError ]

Exported attributes:

kkck

.inFile: [ as passed to constructor, read-only ]
.Size:
[ the count of rows and columns in the puzzle, as a
Coords instance ]

Exported methods:

kkck

.show():
[ return the current state of the puzzle, in the same
format as the input framework, as a multi-line string ]
.whatCell ( coord ):
[ coord is a Coord instance ->
if there is a cell at coord ->
return the Cell instance at that location
else -> return None ]

.whatSlots ( coord ):
[ coord is a Coord instance ->
generate all the slots that contain coord, as
Slot instances, if any 1]
.scan ( j, isV ):
[ (isV is 0 for horizontal, 1 for vertical) and
(j is a valid index for dimension isV) ->
generate the coordinates of row or column j as
a sequence of Coord instances ]
.nSlots():

.genCells(): [ generate the cells in self, in ascending order ]

New Mexico Tech Computer Center kkck: A solver for Kriss Kross puzzles

13



[ returns the number of slots in self ]
.genSolutions():
[ generate a sequence of Puzzle instances representing
the solutions to self, if any 1

In addition to aWordBank instance that manages the word choices, two internal data structures manage
the collections of cells and slots. Both are dictionaries to allow random access.
kkck

State/Invariants:

. __wordBank:

[ a WordBank instance representing the word list and
the state of solution ]

. __cellMap:

[ a dictionary whose keys are (row, column) tuples
representing the coordinates in self where characters
can go, and the associated value is a Cell instance
representing what is at that coordinate ]

. __slotMap:

[ a dictionary whose keys are (row, column, isV),
where (row, column) is the location of the first position
in a slot in self and isV is 0 for horizontal, 1 for
vertical, and the associated value is a Slots
instance representing a slot with that origin and
orientation ]

The recursive algorithm needs to know the first slot and the successor for each slot.
kkck

. _firstSlot:
[ the first slot in self ]
.__slotSuccessor:
[ a dictionary whose keys are all the slots in self,
and each related value is the successor of that slot
in the sequence, or None for the last slot ]

There is a subtle point about the indicesin . __cellMap and . __slotMap. Initially I was planning to
use Coord instances as the indicesin . cellMap. However, if a piece of logic manufactured a different
Coordinstance and used it to index .__cellMap, it would get a KeyError. Hence we use tuples to

insure that any two coordinates are treated the same.

14.Puzzle. init__ (): Constructor

The setup proceeds in this order: initialize the internal data structures; read the puzzle file; find the
slots; and set up the initial choices for each slot.

kkck

# - - - Puzzle. init

def init ( self, inFile ):
'''Read and initialize the puzzle.

#-- 1 --
self.inFile = inFile
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self.size = Coord ( 0, 0 )
self. cellMap = {}
self. slotMap = {}
For the input logic, see Section 15, “Puzzle. input(): Read the puzzle file” (p. 15).
kkck
#-- 2 --
# [ if inFile contains a valid puzzle file ->
# inFile := 1inFile advanced to end of file
# self.size[0] := max ( self.size[0O], number of
# rows in the framework part of inFile )
# self.size[l] := max ( size[l], length of
# longest row in the framework part of inFile )
# self. cellMap +:= entries mapping cell
# coordinates from inFile to new Cell instances
# self. slotMap +:= entries mapping slot
# coordinates from inFile to new Slot instances
# self. wordBank := a new WordBank instance
# representing the word list from inFile, with
# no initial slot choices
# else -> raise SyntaxError ]
self. input ( inFile )
inFile.close()

For the logic that populates the slots with choices, see Section 24, “Puzzle. _buildChoices(): Set
up initial word choices” (p. 25).
kkck

#-- 3 --

# [ self. wordBank +:= choices for slots in

# self. slotMap that are consistent with any
# clues in self. cellMap 1

self. buildChoices()

15. Puzzle._ _input(): Read the puzzle file

kkck

# - - - Puzzle. input

def input ( self, inFile ):
'''Read the puzzle, set up the empty skeleton.

[ inFile is a readable file ->
if inFile contains a valid puzzle file ->

inFile := inFile advanced to end of file

self.size[0] := max ( self.size[0O], number of
rows in the framework part of inFile )

self.size[l] := max ( self.size[l], length of
longest row in the framework part of inFile )

self. cellMap +:= entries mapping cell
coordinates from inFile to new Cell instances

self. slotMap +:= entries mapping slot
coordinates from inFile to new Slot instances
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self. wordBank := a new WordBank instance
representing the word list from inFile, with
no initial slot choices
else -> raise SyntaxError ]

The first task is to partition the input file contents into the framework section and the word list section.
Section 16, “Puzzle. readFile(): Partition the input file” (p. 16) returns these two file sections as
two lists of strings, with the trailing newlines removed, and comment lines deleted. Then the framework
is sent to Section 17, “Puzzle. _digestGrid(): Parse the framework” (p. 17) to build the cells and
slots, and the word list is sent to Section 22, “Puzzle. digestWords(): Parse the word list” (p. 22)
to build the word list.
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#-- 1 --

# [ if inFile contains at least one blank line ->

# inFile := inFile advanced to end of file

# rawGrid := 1lines from inFile up to the first

# blank line

# rawWords := 1lines following the first blank line,
# newlines and comments removed

# else -> raise SyntaxError ]

rawGrid, rawWords = self. readFile ( inFile )

#-- 2 --

# [ if rawGrid is a valid framework section ->

# self.size[0] := max ( self.size[0], number of

# rows in rawGrid )

# self.size[l] := max ( size[l], length of

# longest row in rawGrid )

# self. cellMap +:= entries for the cells in rawGrid

# self. slotMap +:= entries for the slots in rawGrid
# else -> raise SyntaxError ]
self. digestGrid ( rawGrid )

#-- 3 --

# [ if (rawWords is a valid word list) and

# (the counts and lengths of the word list match the

# counts and lengths of slots in self. slotMap) ->

# self. wordBank := a WordBank instance representing
# the words in rawWords

# else -> raise SyntaxError ]

self. digestWords ( rawWords )

16. Puzzle. readFile(): Partition the input file

kkck

# - - - Puzzle. readFile

def readFile ( self, inFile ):

"'"'Split the file into framework and word list portions.
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[ inFile is a readable file ->
if inFile contains at least one blank line ->
inFile := 1inFile advanced to end of file
return ((list of non-comment lines from inFile up
to the first blank line), (list of lines after the
first blank line))
else -> raise SyntaxError ]

First read the entire puzzle file as a list of strings, with trailing whitespace (include newlines) removed.
Then we find the first empty string in the list, and return the two pieces of the file separated by that
empty string. It is an error if there is no empty line in the file.

kkck

#-- 1 --

# [ inFile := inFile advanced to end of file

# lineList := lines from inFile as strings with
# trailing whitespace trimmed, ignoring lines
# that start with COMMENT CHAR ]

lineList = [ line.rstrip()
for line in inFile
if ( (len(line) == 0) or
(line[®] !'= COMMENT CHAR) ) 1]

#-- 2 --

# [ if linelList contains any empty strings ->

# terminus := the index of the first such string
# else -> raise SyntaxError ]

try:

terminus = linelList.index('")
except ValueError:
raise SyntaxError ( "There must be a blank line between"
"frame and word list." )

#-- 3 --
return (linelList[:terminus], lineList[terminus+1:])

17.Puzzle. digestGrid(): Parse the framework

kkck

# - - - Puzzle. digestGrid

def digestGrid ( self, rawGrid ):
''"'"Parse the framework section of the puzzle file.

[ rawGrid is a list of nonempty strings ->
if rawGrid is a valid framework section ->

self.size[0] := max ( self.size[0O], number of
rows in rawGrid )
self.size[l] := max ( size[l], length of

longest row in rawGrid )
self. cellMap entries for the cells in rawGrid

+:=
self. slotMap +:= entries for the slots in rawGrid
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else -> raise SyntaxError ]

We look at each framework line in turn. A running maximum of line lengths is

maintained in

self.size[1]. Each nonblank character in the line becomes a Cell instance in self. cellMap.

See Section 18, “Puzzle.__gridLine(): Parse one line of the framework” (p. 18).

kkck

# and the same columns as line

# self.size[0] +:=1

# self.size[l] := max ( self.size[l], len(line)
self. gridLine ( line )

#-- 2 --
if self.size[0] == 0O:
raise SyntaxError ( "Empty puzzle frame." )
print ( "=== Puzzle size: %d rows, %d columns." %
(self.size[0], self.size[l]) )

#-- 1 --
# [ self. cellMap +:= entries for nonblank characters
# in rawGrid
# self.size[l] := max ( self.size[l], longest line
# in rawGrid )
# self.size[0®] +:= number of lines in rawGrid ]
for line in rawGrid:
#-- 1 body --
# [ self. cellMap +:= entries for nonblank
# characters in line for row self.size[0]

) ]

Now that we know where the cells are, we scan them first horizontally, then vertically, to locate all the

slots. See Section 19, “Puzzle. findSlots(): Locate all the slots” (p. 19).

kkck

#-- 3 --

# [ self. slotMap +:= entries for the slots in
# self. cellMap ]

self. findSlots()

18.Puzzle. gridLine(): Parse one line of the framework

kkck

# - - - Puzzle. gridLine

def gridLine ( self, line ):
'''Scan one line of the framework.

[ line is a nonempty string ->
self. cellMap +:= entries for nonblank
characters in line for row self.size[0]
and the same columns as line
self.size[0] +:=1
self.size[l] := max ( self.size[l], len(line) )

]

18
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First we scan the columns of this row, looking for nonblank characters. Each character becomes a new
Cell instance, indexed within self. cellMap.
kkck

#-- 1 --
# [ self. cellMap +:= entries for nonblank
# characters in line for row self.size[0]
# and the same columns as line ]
for colx in range(len(line)):
#-- 1 body --
# [ if line[colx] is nonblank ->
# self. cellMap[self.size[0], colx] :=
# a new Cell instance at (self.size[0], colx)
# with text line[colx]

# else -> 1 ]

text = line[colx]

if text = ' ':
rowx = self.size[0]
coord = Coord ( rowx, colx )
self. cellMap[(rowx, colx)]

= Cell ( coord, text )

Maintain a running count of lines, and a running maximum line length, so we will eventually know the
final dimensions of the framework.
kkck

#-- 2 --
self.size[0] += 1
self.size[1l] = max ( self.size[l], len(line) )

19. Puzzle._ findSlots(): Locate all the slots

kkck

# - - - Puzzle. findS1lots

def  findSlots ( self ):
"'*'Find all horizontal and vertical slots

[ self. cellMap contains a set of Cells ->
self. slotMap +:= entries for the slots in
self. cellMap ]

The process of finding slots is the same for horizontal and vertical orientations: scan through a sequence
of cells, looking for two or more that are contiguous. For that logic, refer to Section 20,
“Puzzle. genSlots(): Detect slots in a row or column” (p. 20). For the logic that adds a new slot,
see Section 21, “Puzzle.__addSlot(): Add a new slot” (p. 21).

kkck

#-- 1 --
for rowx in range(self.size[0]):
#-- 1 body --
# [ self := self with any horizontal slots in
# row (rowx) added ]
for start, length in self. genClumps ( rowx, 0 ):
#-- 1.1 body --

New Mexico Tech Computer Center kkck: A solver for Kriss Kross puzzles 19



#-- 2.1 body --

# self :=

# [ (start is the starting coordinate of a slot) and
# (length is the length of a slot) ->
# self := self with a horizontal slot added in
# columns [start:start+length] ]
self. addSlot ( 0, Coord(rowx, start), length )
#-- 2 --
for colx in range(self.size[l]):
#-- 2 body --
# [ self := self with any vertical slots in
# column (colx) added ]

for start, length in self. genClumps ( colx, 1 ):

# [ (start is the starting coordinate of a slot) and
# (length is the length of a slot) ->

self with a vertical slot added in
# columns [start:start+length] ]

self. addSlot ( 1, Coord(start, colx), length )

Now that we know the complete set of slots, we must define the self. firstSlot and
self._ _slotSuccessor attributes that the recursive algorithm needs to walk through the slots.
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#-- 3 --
# [ self. firstSlot := as invariant
# self. slotSuccessor := as invariant ]

slotList = self. slotMap.values()
slotList.sort()

self. firstSlot = slotlList[0]
self. slotSuccessor = {}

for i in range(len(slotList)-1):

self. slotSuccessor[slotList[-1]] = None

self. slotSuccessor[slotList[i]] = slotList[i+1]

20.Puzzle.__genSlots(): Detect slots in a row or column

kkck

# - - - Puzzle. genClumps

def  genClumps ( self, j, isV ):

orientation) ->

from self. cellMap ]

"''Generate multi-cell clumps in a row or column.

[ (isV is O for horizontal, 1 for vertical) and
(j is a valid row or column index for that

generate (start, length) tuples for all contiguous
groups of two or more cells in that orientation

For example, consider this nine-element row in the framework section:

##H# H# HHH
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There are two slots here. One starts at column 0 for a length of 3; the other starts at column 6 for a length
of 3. The cell at column 4 is not part of a horizontal slot.

So our problem is to detect transitions between elements without cells and elements with cells, and then
count the sequence of contiguous cells after each transition, and if the sequence is length 2 or greater,
we'll call it a slot.

We'll use a simple state machine here. Variable start is initially set to None, and it is set back to None
every time we see an element without a cell. Then, as we step through the elements, we'll set start to
the element index whenever it changes from no cell to cell. When we see a transition from cell to no
cell, if start is not None, then a slot exists starting at Start and extending through the previous pos-
ition in our scan.

There is one edge case we need to eliminate. If there is a cell at the last position, we will not see the
cell » no-cell transition. To eliminate this special case, we will build a list containing 0's where there are
no cells and 1's where there are cells, and then append one extra zero so there will always be a cell - no-
cell transition even if the last element contains a cell.

First, build the list of 0's and 1's. Cells are detected by calling Section 32, “Puzzle.whatCell():Is
there a cell at a given coordinate?” (p. 31). Then we run our little state machine and generate the (start,
length) tuples.
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Poc A o=

# [ mask := a list containing 1s where row or column j
# has cells, 0s where it has no cells, with one

# extra 0 appended ]

mask = [ self.whatCell ( coord ) is not None
for coord in self.scan ( j, isV ) 1]
mask.append ( 0 )

#-- 2 --

# [ generate (start, length) tuples for consecutive
# groups of two or more 1s in mask ]

start = None

for i in range(len(mask)):

if mask[i]:
if start is None:
start = 1
else:

if start is not None:
if (i-start) > 1:
yield (start, i-start)
start = None

#-- 3 --
raise StopIteration

21.Puzzle. addSlot(): Add a new slot

kkck

# - - - Puzzle. addSlot

def addSlot ( self, isV, start, length ):
''"'Add a new slot to self.
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[ (isV is 0 for horizontal, 1 for vertical) and
(start is the starting coordinate of a slot as a
Coord instance) and
(length is the length of the slot) ->
self := self with a slot added starting at start
and extending in direction isV for length cells ]

First we create a S1ot instance, then add it to self. slotMap; see Section 52, “class Slot: One
place where a word goes” (p. 47). We must also link each of its cells to the slot, so that a cell can quickly
determine of which slot or slots it is part; see Section 32, “Puzzle.whatCell(): Is there a cell at a
given coordinate?” (p. 31) and Section 50, “Cell.addSlot (): Add an intersecting slot” (p. 46).

kkck

#-- 1 --
# [ slot := a new Slot instance with origin (start),
# length (length), and orientation (isV) ]
slot = Slot ( start, length, isV )
if VERBOSE:
print ( "=== Creating %s" % slot )
#-- 2 --
self. slotMap[(start[0], start[1], isV)] = slot
#-- 3 --
# [ self := self with all cells that are part of slot
# linked to slot ]
for coord in slot.genCoords():
cell = self.whatCell ( coord )
cell.addSlot ( slot )

22.Puzzle. digestWords(): Parse the word list

kkck

# - - - Puzzle. digestWords

def digestWords ( self, rawWords ):
'''Feed the word list to the WordBank instance.

[ rawWords is a list of strings ->
if (rawWords is a valid word list) and
(the counts and lengths of the word list match the
counts and lengths of slots in self. slotMap) ->
self. wordBank := a WordBank instance representing
the words in rawWords
else -> raise SyntaxError ]

First create the empty WordBank. See Section 60, “class WordBank: The word list and puzzle
state” (p. 51).
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#-- 1 --

# [ self. wordBank := a new, empty WordBank instance
# using self's geometry ]

self. wordBank = WordBank ( self )

The words are scattered across the lines of rawWords and separated by whitespace. The word list is
not allowed to include the UNK_CELL character; so far, that is the only way to get a syntax error. See
Section 62, “WordBank.addWord(): Add a word to the word list” (p. 53).

kkck

#-- 2 --

# [ if rawWords contains the UNK CELL character ->

# raise SyntaxError

# else ->

# self. wordBank +:= whitespace-separated words
# from rawWords ]

for line in rawWords:

wordList = line.split()
for word in wordList:
if UNK CELL in word:
raise SyntaxError ( "Words may not contain the "
"'%d' symbol; that denotes an unsolved "
"letter." % UNK CELL )
if len(word) < 2:
raise SyntaxError ( "One-letter words such as "
"'%s' are not allowed." % word )
self. wordBank.addWord ( word )

Now that we have the complete word list, we must verify that the number of words of each length exactly
matches the number of slots of each length, or the puzzle is not correctly constructed. It is also an error
if any word has length 1. See Section 23, “Puzzle. matchLengths(): Does the word list match the
slot set?” (p. 23).

kkck

[ if (the counts of slots of each length in self. slotMap
do not exactly match the counts of words of each length
in self. wordBank) ->

raise SyntaxError
else -> I ]

self. matchLengths()

23.Puzzle._ matchLengths(): Does the word list match
the slot set?

kkck

# - - - Puzzle. matchLengths

def  matchLengths ( self ):
''"'See if the word lengths match the slot lengths.

[ (self. slotMap contains a set of slots) and
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(self. wordMap contains a set of words) ->
if (the counts of slots of each length in self. slotMap
do not exactly match the counts of words of each length
in self. wordBank) ->
raise SyntaxError
else -> I ]

In a properly structured puzzle, there are exactly as many slots as words; see Section 63, “Word -

Bank._ _len__():How many total words?” (p. 53).
kkck

#-- 1 --
# [ if the number of words in self is the same as the
# number of slots in self ->
# I
# else -> raise SyntaxError ]
if len(self. slotMap) != len(self. wordBank):
raise SyntaxError ( "This puzzle has %d slots but "
"%d words to go in them." %
(len(self. slotMap), len(self. wordBank)) )

Furthermore, for each different word length in the word list, there must be exactly as many slots of that
length as words of that length. We'll start this by counting the slots of each length. The expression
“defaultdict(int)” returns a new dictionary in which new entries will automatically default to 0.
See http://docs.python.org/library/collections.html#collections.defaultdict for this container; also see
Section 20, “Puzzle.__genSlots(): Detect slots in a row or column” (p. 20) for the generator that
visits every slot.
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#-- 2 --

# [ countByLen := a dictionary whose keys are the
# unique lengths of slots in self, and each

# corresponding value is the number of slots in
# self that have that length ]

countByLen = defaultdict(int)
for slot in self. slotMap.values():
countByLen[len(slot)] += 1

See Section 60, “class WordBank: The word list and puzzle state” (p. 51) for the .maxLen attribute
that gives the maximum word length, and the Section 64, “WordBank.wordsOfLen(): How many
words have a given length?” (p. 54) for the method that returns the number of words of a given length.
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#-- 3 --

# [ if the counts of slots of each length in countBylLen
correspond exactly to the counts of words of each
length in self. wordBank ->

I
else -> raise SyntaxError ]

or length in range(2, l+self. wordBank.maxLen):
nWords = self. wordBank.wordsOfLen ( length )
nSlots = countByLen[length]
if nWords != nSlots:

raise SyntaxError ( "There are %d words of length %d,

—h H H H
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"but there are %d slots of that length." %
(nWords, length, nSlots) )

24.Puzzle. buildChoices(): Setup initial word choices
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# - - - buildChoices

def  buildChoices ( self ):
'''Define the initial word choices for each slot.

[ self. cellMap and self. slotMap are as invariants ->
self. wordBank +:= choices for slots in
self. slotMap that are consistent with any
clues in self. cellMap 1

See Section 25, “Puzzle. buildSlotChoices ():Build the initial set of choices for one slot” (p. 25).
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Poc A o=
# [ slotList := slots in self, sorted ]
slotList = self. slotMap.values()
slotList.sort()

#-- 2 --

for slot in self. slotMap.values():
#-- 2 body --
# [ self. wordBank +:= choices for slot that are
# consistent with any clues in self. cellMap ]

self. buildSlotChoices ( slot )

25.Puzzle._ buildSlotChoices(): Build the initial set
of choices for one slot

kkck

# - - - Puzzle. buildSlotChoices

def  buildSlotChoices ( self, slot ):
"''Populate a slot with all its initial choices.

[ slot is a Slot in self ->
self. wordBank +:= choices for slot that are
consistent with any clues in self. cellMap 1|

There are two constraints on the word choices for a slot. Clearly, the word must be the correct length;
see Section 66, “WordBank.genCandidates(): What words have a given length?” (p. 54). Also, if
any initial clues are given in positions inside the slot, we may be able to use those characters to eliminate
some of the choices.
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#--
# [
#

choicelList =

1 --
choicelList := all the words from self. wordBank
of length len(slot), as a set of Word instances ]
set ( [ word
for word in self. wordBank.genCandidates(len(slot)) ] )

For the function that compares choices to a given clue, see Section 26, “Puzzle.__clueCheck():

Eliminate initia

1 choices conflicting with clues” (p. 26).
Kkck

#
#

#-- 2 --
# [ choicelist :=

choicelist - (any choices that
conflict with clues that may exist in any of the
Cell instances lying within slot) ]

for k in range(len(slot)):
#-- 2 body --
# [ if the cell at slot[k] contains a clue letter ->
# choiceList := choicelList - (any word not
# having that letter at position [Kk])
# else -> 1]
self. clueCheck ( choicelList, slot, k)

The choices that remain are recording using Section 67, “WordBank.mayBe (): Add one word choice

to a slot” (p. 55).

kkck

#-- 3 --
for choice in choicelist:
self. wordBank.mayBe ( slot, choice )

if VERBOSE:
print " = %s: " % slot,
for choice in sorted(list(choicelist)):
print choice,
print

26. Puzzle. clueCheck(): Eliminate initial choices con-

flicting with clues

kkck

clueCheck

# - - - Puzzle.

def  clueCheck ( self, choicelList, slot, k ):
'"'"'Eliminate choices inconsistent with clue at position k.

[ (choicelist is a set of Word instances) and
(slot is a Slot instance) and
(k is a position within slot) ->
if the cell at slot[k] contains a clue letter ->
choicelList := choicelList - (any word not
having that letter at position [K])
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else -> I ]

First we convert the index K into a grid position using Section 56, “Slot. getitem _():Slot position
to puzzle position” (p. 48). Then we find the cell at that position using Section 32, “Puzzle .whatCell():
Is there a cell at a given coordinate?” (p. 31).
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#-- 1 --

# [ coord := the Coord instance in self corresponding to
# index [k] in slot ]

coord = slot[k]

#-- 2 --

# [ cell := the Cell instance in self at coord ]

cell = self.whatCell ( coord )

If cell has no clue, we are done. Otherwise, examine each word in choicelList, and remove those
whose [ k]th character doesn't match the clue.
kkck

#-- 3 --

if cell.text == UNK CELL:
return

else:
cluelLetter = cell.text

Removing the conflicts is just a little tricky. You might think that this code would do it:

# THIS DOES NOT WORK!
for choice in choicelist:
if choice[k] !'= cluelLetter:
choicelist.remove(choice)

Try it and you will get the message “RuntimeError: Set changed size during iteration”. The correct ap-
proach is to form a list from the set, then iterate over the list, whose size will not change in the for loop.
By the way, we depend on the Cell class to uppercase the clue letter, and the Word class to uppercase
the word list, so that we don't have to a case-insensitive comparison here.
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#-- 4 --
# [ choicelList := choicelList - (elements that do
# not have (clueLetter) in position [k]) 1
for choice in list(choicelist):
if choice[k] != clueletter:
choicelList.remove ( choice )

27.Puzzle.show(): Display the state of the puzzle

kkck

# - - - Puzzle.show

def show ( self ):
"'"'Return the puzzle state as a multi-line string.
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This method will be able to show the state of the puzzle anytime after the constructor completes.

During checkout, we'll need to be able to relate row and column numbers to positions in the puzzle.
Accordingly, this method will add row and column numbers to the display of the puzzle's current state.
We'll double-space the horizontal dimension to make the output less crowded. Here's the output that
we will generate for the example puzzle:

0
012345
drocczccc=o=o-s +
0|/KRISS |
01|R D |
02|10 Y |
03|S 0 L V E R|
04]S L |
drocczccc=o=o-s +

It's probably safe to assume that we'll never see a puzzle bigger than 99x99, so the row and column
numbers will have a fixed format. Also, the first line will show the tens digit of the column number
only when it changes, so in the general case this row will contain 0, nine spaces, 1, nine spaces, 2, and
SO on.

We'll build up the output as a list of lines, and then concatenate them all at the end with newlines. See
Section 28, “Puzzle.__showColHeads(): Column headings for .show()” (p. 29); Section 29,
“Puzzle._showRule(): Horizontal rule in .show() output” (p. 29); and Section 30,
“Puzzle.__showRow(): Show one row of the puzzle” (p.29).
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#-- 1 --

rowList = []

#-- 2 --

# [ rowList +:= (tens digit line) + (units digit line)
# (frame line), all sized for self.size ]

self. showColHeads ( rowlList )
self. showRule ( rowList )

#-- 3 --
for rowx in range(self.size[0]):
#-- 3 body --
# [ rowx is a row index in self ->
# rowList +:= row labels + frame + (puzzle state
# for row (rowx)) + frame ]

self. showRow ( rowlList, rowx )

#-- 4 --
# [ rowList +:= (frame line) ]
self. showRule ( rowList )

#-- 5 --

if VERBOSE:
self.showAllChoices()

return ‘\n'.join ( rowList )
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28. Puzzle._ showColHeads (): Column headings for
.show()

For the general layout, see Section 27, “Puzzle. show(): Display the state of the puzzle” (p. 27).
kkck

# - - - Puzzle. showColHeads

def  showColHeads ( self, rowlList ):

"'"'Add column headings to .show() output

#-- 1 --
# [ rowlList
L=1["' '"*3]
tensCount (self.size[1]/10)+1
for tens in range(tensCount):

L.append ( "%d%s" (tens, ' '*19) )
rowList.append ( ''.join(L).rstrip() )

+: tens-digit line ]

%

#-- 2 --
# [ rowList +:= wunits-digit line ]
L=1["''*3]

for colx in range(self.size[1l]):
L.append ( str(colx%1l0) )
L.append ( ' ')

rowList.append ( ''.join(L) )

29. Puzzle. showRule(): Horizontal rule in .show()
output

See Section 27, “Puzzle. show(): Display the state of the puzzle” (p. 27).
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# - - -

def

Puzzle.

__showRule ( self,
'''Add the line that appears above and below the puzzle body.

rowList.append ( "

(

~showRule

rowList ):

%S+%S+"
1 |*<2 , 1

oo

'*(self.size[1]*2-1)) )

30.Puzzle._ showRow(): Show one row of the puzzle

kkck

# - - -

def

Puzzle.

__showRow ( self,
'''Display the [rowx]th row of the puzzle's state

_~sSshowRow

rowList, rowx ):
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This method requires that the slots have been set up with choices, that is, Section 24,
“Puzzle.__buildChoices(): Set up initial word choices” (p. 25) has already been called. We inter-
rogate Section 72, “WordBank.cellChoices(): What characters are choices at a given coordin-
ate?” (p. 57) for the content of each location. That method returns a space for empty locations, or a string
containing all remaining choices here. If this string is a single character, we display that character. If
the string has multiple choices, we display the UNK_CELL character because this cell has not yet been

kkck

solved.
#-- 1 --
# [ L := a list containing the row label ]
L=1[ '%02d|"' % rowx ]
#-- 2 --
# [ L +:= characters illustrating the puzzle's state
# in row (rowx) 1]
for colx in range(self.size[l]):
#-- 2 body --
# [ if puzzle is empty at (rowx, colx) ->
# L +:= one space
# else if puzzle has a single choice at (rowx, colx) ->
# L +:= that character
# else ->
# L +:= UNK CELL ]
textSet = self. wordBank.cellChoices ( Coord(rowx, colx) )
text = ''.join(list(textSet))
if len(text) == 1:
L.append ( text )
else:
L.append ( UNK CELL )
L.append (' ")
#-- 3 --
L.pop()
L.append ( "|")
#-- 4 --
rowList.append ( ''.join(L) )

31. Puzzle.showAllChoices()

This service routine shows the current set of choices for all slots.

kkck

# - - - Puzzle.showAll1Choices

def showAllChoices ( self ):
"''Display all slots and their current choices.
slotList = self. slotMap.values()
slotList.sort()
for slot in slotlList:
print " == Choices for %s" % slot
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wordList = [ slot
for slot in self. wordBank.genSlotChoices ( slot ) ]
wordList.sort()
for word in wordList:
print word,
print

32. Puzzle.whatCell(): Is there a cell at a given coordin-
ate?

kkck

# - - - Puzzle.whatCell

def whatCell ( self, coord ):
''"'Is there a cell at a given location?

Recall, as discussed in Section 13, “class Puzzle: The top-level container” (p. 13), that the
.__cellMap dictionary is indexed not by Coord instances, but by (row, column) tuples.

kkck

#-- 1 --

return self. cellMap[(coord[0@], coord[1])]
except KeyError:

return None

33. Puzzle.genCells(): Generate all the cells

kkck

# - - - genCells

def genCells ( self ):
'''Generate self's cells, in sorted order

for cell in sorted ( self. cellMap.values() ):
yield cell
raise StopIteration

34. Puzzle.whatSlots(): What slots intersect a given co-
ordinate?

kkck

# - - - Puzzle.whatSlots

def whatSlots ( self, coord ):
'''Generate the slots that include a given location.
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For the function that finds the Cel 1 instance at a given location, see Section 32, “Puzzle.whatCell():
Is there a cell at a given coordinate?” (p. 31). Each Cell instance contains a list of the slots that include
it; see Section 51, “Cell.genSlots (): Generate the slots intersecting this cell” (p. 46).
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#-- 1 --

# [ if self has a cell at location (coord) ->
# cell := that cell as a Cell instance
# else ->

# raise StopIteration ]

cell = self.whatCell ( coord )
if cell is None:
raise StopIteration

#-- 2 --

for slot in cell.genSlots():
yield slot

#-- 3 --

raise StopIteration

35. Puzzle.scan(): Traverse a row or column of the
framework

kkck

# - - - Puzzle.scan

def scan ( self, k, isV ):
'''Scan across row k (isV==0) or down column k (isV==1)

This method generates a sequence of locations in the puzzle as Coord instances. It works in either hori-
zontal or vertical directions, where K is the row number for a horizontal scan or a column number for
a vertical scan.

First we find the limiting value of the scan. For a horizontal scan, this is the number of columns; for a
vertical scan, the number of rows. We set Limit to the limiting value and opp to the opposite orientation
(see Section 12, “perpendicular(): Return the opposite orientation” (p. 12)).

Kkck

#-- 1 --

# [ if isV is 0 ->

# opp := 1

# limit := self.size[1l]
# else ->

# opp := 0

# limit := self.size[0] ]
opp = perpendicular ( isV )
limit = self.size[opp]

Instances of the Coord class are additive, so we can use an instance to define the step in either direction
(see Section 75, “class Coord: One location in the grid” (p. 59)). Again, we eliminate a conditional
by using multiplication. Just for utter transparency, here is a truth table for the values used below:
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isViopp|opp*k|isV*k

kkck

#-- 2 --

# [ if isV is 0 ->

# start := row k, column 0, as a Coord
# step := step 0 rows, 1 column

# else ->

# start := row 0, column k, as a Coord
# step := step 1 rows, 0 columns ]

start = Coord ( opp*k, isV*k )
step = Coord ( isV, opp )

#-- 3 --
# [ generate values start, start+step, start+step*2, ...,
# limit-1 ]
for i in range(limit):
yield start
start += step

36. Puzzle.nSlots(): How many slots are there?

kkck

# - - - Puzzle.nS1lots

def nSlots ( self ):
'''Return the number of slots in self.

return len(self. slotMap)

37.Puzzle.genSolutions(): Generate all solutions

kkck

# - - - Puzzle.genSolutions

def genSolutions ( self ):
'''Generate the solution(s) to self, if any.

For the general features of the solution process, see Section 4.3, “Overview of the solution al-
gorithm” (p. 5). The first order of business is to run the cyclic reduction algorithm, Section 38,
“Puzzle. cyclicReduction():Eliminate choices atslotintersections” (p. 34). This method returns
True if the current state is a solution; if not, it removes whatever choices it can from the WordBank in-
stance and then returns False.

kkck

#-- 1 --
# [ if cyclic reduction solves self ->
# self := self in solved state
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# yield self in solved state
# raise StopIteration
# else -> 1 ]
if VERBOSE: print "=== Cyclic reduction phase"
if self. cyclicReduction():
yield self
raise StopIteration

At this point, cyclic reduction can eliminate no other choices, so we proceed to the recursive solver,
which is a generator. Each value generated by Section 39, “Puzzle. reduceCycle(): Static elimin-
ation of word choices” (p. 35) is yielded to our caller.

kkck

#-- 2 --

# [ generate solutions to self starting with self's

# current state ]

if VERBOSE: print "=== Recursive solution phase"

for solution in self. recurSolver ( self. firstSlot ):
yield solution

#-- 3 --
raise StopIteration

38.Puzzle. cyclicReduction(): Eliminate choices at
slot intersections

kkck

# - - - Puzzle. cyclicReduction

def  cyclicReduction ( self ):
'"'*'"Eliminate choices wherever two slots intersect.

[ if cyclic reduction solves self ->
self := self in solved state
return True

else -> return False ]
#-- 1 --
while 1:

For the general outline, see Section 4.5, “Cyclic reduction” (p. 6).
kkck

#-- 1 body --

# [ if comparison of all intersecting slots does not

reduce the total set of choices in self. wordBank ->
return False

else if removing those choices solves the puzzle ->
return True

else -> 1 ]

H oH R H

To determine whether a round of cyclic reduction has made any progress toward a solution, we rely
on Section 69, “WordBank. totalChoices (): How many total choices are in the current state?” (p. 56).
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Every choice we eliminate will decrement this count. See also Section 36, “Puzzle.nSlots(): How
many slots are there?” (p. 33): when the choice count equals the slot count, it's a solution.
kkck

#-- 1.1 --

beforeCount = self. wordBank.totalChoices()

#-- 1.2 --

# [ self. wordBank := self. wordBank - (choices
# eliminated at slot intersections, if any) 1
self. reduceCycle()

if VERBOSE:

print self.show()

#-- 1.3 --
# [ if the total number of slot choices equals the
# number of slots ->
# return True
# else -> 1]
totalChoices = self. wordBank.totalChoices()
print ( "=== Cyclic reduction: %d choices for %d slots" %
(totalChoices, self.nSlots()) )
if totalChoices == self.nSlots():
return True

Foa A4l oo
if beforeCount <= totalChoices:
return False

39. Puzzle. reduceCycle(): Static elimination of word
choices

kkck

# - - - Puzzle. reduceCycle

def  reduceCycle ( self ):
"''One cycle of cyclic reduction.

[ self. wordBank := self. wordBank - (choices
eliminated at slot intersections, if any) |

This method performs the three types of static reduction in word choices described in Section 4.5,
“Cyclic reduction” (p. 6).

First, we visit every cell in the puzzle (using Section 33, “Puzzle.genCells(): Generate all the
cells” (p. 31)), but we are interested only in those cells that are related to two slots. For each such cell,
we try to eliminate any choices from the intersecting slots. For the process carried out for each pair, see
Section 40, “Puzzle. reduceCell(): Eliminate choices where two slots intersect” (p. 36).
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#-- 1 --
if VERBOSE: print "=== Reduction cycle"
for cell in self.genCells():
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#-- 1 body --

# [ if cell is related to two slots ->

# self. wordBank := self. wordBank -
# (choices for those slots that have letters at
# cell's position not found in the intersecting
# slot)

# else -> 1]

self. reduceCell ( cell )

Next, we perform the unique word test for all slots.
kkck

#-- 2 --
for slot in self. slotMap.values():
#-- 2 body --
# [ if slot has only one choice ->
# remove that choice from all other slots

# else -> 1]
self. uniqueWordTest ( slot )

Finally, we perform the unique slot test for all words.
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#-- 3 --
for word in self. wordBank.genAllWords():
#-- 3 body --
# [ if word occurs in only one slot's choices ->
# self. wordBank := self. wordBank - (choices
# for slot other than word) - (choices for
# that word in all slots)
# else -> 1]
self. uniqueSlotTest ( word )

40.Puzzle. reduceCell(): Eliminate choices where two
slots intersect

kkck

# - - - Puzzle. reducecCell

def  reduceCell ( self, cell ):
"'"'Eliminate any choices not common to two intersecting slots.

[ cell is a Cell in self ->
if cell is related to two slots ->
self. wordBank := self. wordBank -
(choices for those slots that have letters at
cell's position not found in the intersecting
slot)
else -> 1 ]

if VERBOSE:
print "=== Reduce cell %s" % cell.coord
#-- 1 --
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# [ if two slots intersect at cell ->
# slotSet := a list containing those two slots as
# Slot instances
# else -> return ]
slotSet = [ slot
for slot in cell.genSlots() ]

if len(slotSet) < 2:

return

Next, we interrogate the WordBank instance to find the set of all possible characters that could occur
at the given cell; see Section 72, “WordBank. cellChoices (): What characters are choices at a given
coordinate?” (p. 57).
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#-- 2 --
# letterSet := a set of one-character strings representing
# possible choices at cell ]

letterSet = self. wordBank.cellChoices ( cell.coord )

if len(letterSet) == 0:
print "@@@ Empty choices at %s" % cell.coord
self.showAllChoices()
fatal("No choices during Puzzle-reduceSlot")

if VERBOSE: print "=== Choices:", ''.join(list(letterSet))

Finally, eliminate any choices that have letters at this cell's position that are not in letterSet; see
Section 41, “Puzzle. _reduceSlot(): Eliminate choices for one slot” (p. 37).
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#-- 3 --
# [ self. wordBank := self. wordBank - (choices for
# slots in slotSet whose characters at cell's position
# are not in letterSet 1]
for slot in slotSet:
#-- 3 body --
# [ self. wordBank := self. wordBank - (choices for
# slot whose characters at cell's position
# are not in letterSet 1|
self. reduceSlot ( cell, slot, letterSet )

41.Puzzle._ reduceSlot(): Eliminate choices for one
slot

kkck

# - - - Puzzle. reduceSlot

def  reduceSlot ( self, cell, slot, letterSet ):
'''Remove choices for a slot that don't have given letters.

[ (cell is a Cell in self) and
(slot is a Slot in self that contains cell) and
(letterSet is a set of one-character strings) ->
self. wordBank := self. wordBank - (choices for
slots whose characters at cell's position
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are not in letterSet ]

We first materialize the set of choices into a separate list, wordList. We'll also need to know the position
(K) of the letter relative to the start of the slot; that is computed by Section 59, “Slot. findCoord():
Puzzle position to slot position” (p. 49).
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#-- 1 --

# [ wordList := 1list of word choices in self. wordBank
# for slot, as a list of Word instances

# cellx := position of cell relative to slot ]

wordList = [ word

for word in

self. wordBank.genSlotChoices ( slot ) 1]
cellx = slot.findCoord ( cell.coord )

Next, work through wordList and, for each choice that has a letter at the position cellx that is not
in letterSet, we remove it from the slot choices by calling Section 68, “WordBank.isNot ( ): Remove
one word from a slot's list of choices” (p. 55).
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#-- 2 --
# [ self. wordBank := self. wordBank - (choices for slot
# that have letters in position cellx that are not in
# letterSet 1]
for word in wordList:
#-- 2 body --
# [ if word[cellx] is not in letterSet ->
# self. wordBank := self. wordBank - (choice
# of word for slot)
if word[cellx] not in letterSet:
if VERBOSE:
print ( "*** Removing %s from %s because "
"word [%d] is not in %r." %
(word, slot, cellx, ''.join(list(letterSet))) )
self. wordBank.isNot ( slot, word )

42.Puzzle. uniqueWordTest(): Require that a word be
used only once in the puzzle

kkck

# - - - Puzzle. uniqueWordTest

def uniqueWordTest ( self, slot ):
"''"Find slots with one choice, and remove that choice from others

[ slot is a Slot in self ->
if slot has only one choice ->
remove that choice from all other slots
else -> I ]

#-- 1 --
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# [ slotChoiceList := 1list of all current choices for slot ]
slotChoicelList = [ word
for word in self. wordBank.genSlotChoices(slot) 1]

If there are multiple choices (or no choices), we are done: no elimination can be performed. Otherwise,
find the set of slots that have that word, and eliminate it from the choices for those slots. See Section 73,
“WordBank.wordToSlots (): Which slots use a given word?” (p. 58) and Section 68, “WordBank . is -
Not (): Remove one word from a slot's list of choices” (p. 55).
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#-- 2 --

if len(slotChoicelList) !'= 1:
return

else:
word = slotChoicelList[0]

#-- 3 --
# [ otherSlotList := 1list of slots that use word,
# minus slot ]

otherSlotList = self. wordBank.wordToSlots ( word )
otherSlotList.remove ( slot )

#-- 4 --
# [ self. wordBank := self. wordBank - (choices for
# slots in otherSlotList that equal word ]
for otherSlot in otherSlotList:
if VERBOSE:

print ( "*** Removing %s from %s because it goes in "
"%s." % (word, otherSlot, slot) )
self. wordBank.isNot ( otherSlot, word )

43.Puzzle. uniqueSlotTest(): Find words that are
choices for only one slot
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#- - - Puzzle. uniqueSlotTest

def uniqueSlotTest ( self, word ):
'"'"'Find cases where only one slot can be a given word.

[ word is a Word in self. wordBank ->
if word occurs in only one slot's choices ->
self. wordBank := self. wordBank - (choices
for slot other than word) - (choices for
that word in all slots)
else -> 1 ]

First we build a list of all the slots that use word, using Section 73, “WordBank.wordToSlots():
Which slots use a given word?” (p. 58). If this list has only one element, then that slot is the one that
should be filled with that word, and we can eliminate that word from all the other slot choices in the
puzzle.
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#-- 1 --

# [ slotList := 1list of all slots for which word is
# currently a choice ]

slotList = self. wordBank.wordToSlots ( word )

#-- 2 --

if len(slotList) != 1:
return

else:
slot = slotList[0]

First we have to eliminate the other choices for s 1ot; see Section 70, “WordBank.genSlotChoices():
What words are choices for a slot?” (p. 56) and Section 68, “WordBank.isNot(): Remove one word

from a slot's list of choices” (p. 55).
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#-- 3 --

otherWordList = [ word

#-- 4 --
# [ self. wordBank := self. wordBank - (choices for slot
# in otherWordList that do not equal word) ]
for otherWord in otherWordList:
if otherWord !'= word:

self. wordBank.isNot ( slot, otherWord )

# [ otherWordList := <choices for slot from self. wordBank ]

for otherWord in self. wordBank.genSlotChoices ( slot ) ]

Since word is the only choice for s1ot, we can now eliminate that word from all other slots.
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#-- 5 --
# [ self. wordBank := self. wordBank - (choices for
# slots other than (slot) that equal (word) ]

for otherSlot in self. slotMap.values():
if otherSlot is not slot:
self. wordBank.isNot ( otherSlot, word )

44.Puzzle. recurSolver(): Recursive solver
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# - - - Puzzle. recurSolver

def  recurSolver ( self, slot ):
'''Recursively solve the puzzle, starting at slot.

[ slot is a Slot in self ->
generate solutions to self starting with self's
current state ]

See Section 4.6, “The recursive algorithm” (p. 7) for design notes. The first order of business is to check
the basis case: are we at the last slot? If we are, then every previous slot is down to one choice, and if
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our invariants are true, there should be only one choice for this slot. In any case, if there are no choices
for the current slot, there are no solutions for the current state, and we can terminate back to the caller.
kkck

#-- 1 --

# [ choiceList := choices for slot in self. wordBank,
# sorted

# nextSlot := successor to slot in self, or None if
# slot is the last in self ]

choiceList = [ choice

for choice in

self. wordBank.genSlotChoices ( slot ) ]
choicelist.sort()
nextSlot = self. slotSuccessor[slot]

#-- 2 --
# [ if nextSlot is None ->
if len(choicelList) == ->
yield self
raiseStopIteration
else ->
sys.stderr +:= error message
stop execution
else if len(choicelist) is 0 ->
raise StopIteration
else -> 1 ]
if nextSlot is None:
if len(choicelList) ==
yield self
raise StopIteration
elif len(choicelList) == 0:
raise StopIteration

HHHHHHHHTHR

We have eliminated the basis case, and the case where there is one choice, so we know we have to recur
once for each of the current choices. First, temporarily remove all the current choices.
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#-- 3 --
# [ self. wordBank := self. wordBank - (choices for slot
# from choicelList ]

for choice in choicelist:
self. wordBank.isNot ( slot, choice )

Then, for each of the original choices that fits into the rest of the puzzle, recursively generate all solutions
that use that choice; see Section 45, “Puzzle. choiceFits():Does this slot choice fit the rest of the

puzzle?” (p. 42) and Section 47, “Puzzle. assumeChoice(): Try out an assumption” (p. 44).
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#-- 4 --
# [ generate solutions for slot containing each choice
# from choicelList that fits the current choices in
# self. wordBank, starting with nextSlot ]
for choice in choicelist:
#-- 4 body --
# [ if choice in slot fits the rest of the puzzle
# according to self. wordBank ->
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# generate solutions to self assuming slot==choice
# else -> 1 ]
if self. choiceFits ( slot, choice ):
#-- 4.1 --
# [generate solutions to self assuming slot==choice ]
for solution in self. assumeChoice ( slot,
choice, nextSlot ):
yield solution

Finally, reinstate all the original choices, and terminate to the caller.
kkck

#--5 --
# [ self. wordBank := self. wordBank + (choices for slot
# from choicelList ]

for choice in choicelist:
self. wordBank.mayBe ( slot, choice )

#-- 6 --
raise StopIteration

45. Puzzle. choiceFits(): Does this slot choice fit the
rest of the puzzle?

kkck

# - - - Puzzle. choiceFits

def  choiceFits ( self, thisSlot, choice ):
'''Does choice in thisSlot work with its context?

[ (thisSlot is a slot in self) and
(choice is a Word that has the same length as thisSlot) ->
if choice in thisSlot fits the rest of the puzzle
according to self. wordBank ->
return True
else -> return False ]

The purpose of this method is to check all the slots that intersect thisSlot, and test to see that all of
the intersecting slots have remaining choices that can connect with thisSlot at the point of intersection.

We'll need to know both the index and the coordinate of each cell in thisSlot, so first we'll materialize
a list of the coordinates so we can iterate through both the indices and the coordinates using the
list.enumerate() iterator.

kkck

#-- ] -
# [ coordList := 1list of thisSlot's coordinates in order ]
coordList = [ coord

for coord in thisSlot.genCoords() 1

Now we'll step through the coordinates of thisSlot, and for each coordinate, if there is another slot
crossing thisSlot there, we call Section 46, “Puzzle. crossingClash(): Does a perpendicular
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slot conflict?” (p. 43) to see if the other slot disqualifies this choice. If there are no clashes with crossing

slots, we return True.
kkck

#-- 2 --

# [ if (any Coord in coordList is the intersection of two
slots) and (no choices of the crossing slot match the
corresponding letter of (choice) ->

return False

else -> I ]
or charx, coord in enumerate(coordList):

#-- 2 body --

# [ if (coord is the intersection of two slots in self)
and (no choices for the slot crossing thisSlot have
choice[charx] in coord's position) ->

return False
else -> I ]
if self. crossingClash ( coord, thisSlot, choice[charx] ):

return False

—h H H H

H H R H

#-- 3 --
return True

46.Puzzle.__crossingClash(): Does a perpendicular slot
conflict?

kkck

# - - - Puzzle. crossingClash

def  crossingClash ( self, coord, thisSlot, char ):
""'Do the choices for a slot crossing thisSlot clash with char?

[ (coord is a Coord in self) and
(thisSlot is a slot in self containing coord) and
(char is a one-character string, uppercased) ->
if (coord is the intersection of two slots in self)
and (no choices for the slot crossing thisSlot have
choice[charx] in coord's position) ->
return True
else -> return False ]

This method returns True if there is a clash, that is, if there is a crossing slot and none of its choices
have char at the position where the slots cross.

First we check to see if there is an intersecting slot. See Section 34, “Puzzle.whatSlots (): What slots
intersect a given coordinate?” (p. 31) for the method that finds all the slots that include a given coordinate.
We use a list comprehension to eliminate thisSlot from the result list. If the resulting list is empty,

there is no crossing slot, so we return False to signify that there is no clash.
kkck

#-- 1 --
# [ slotList := 1list of slots intersecting coord other
# than thisSlot ]
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slotList = [ slot
for slot in self.whatSlots ( coord )
if slot is not thisSlot ]

#-- 2 --
if len(slotList) ==
return False
else:
otherSlot = slotList[0]

Next we find the index of coord relative to otherSlot. Then we iterate over all the choices for oth-
erSlot in self.__wordBank; if any of those choices has char at that index, we return False to
signify that there is no clash.

kkck

#-- 3 --
# [ otherCharx := index in otherSlot of coord ]
otherCharx = otherSlot.findCoord ( coord )

#-- 4 --
# [ if any choice for otherSlot in self. wordBank has a
# character in position [otherCharx] that matches char ->
# return False
# else -> 1 ]
for otherChoice in self. wordBank.genSlotChoices ( otherSlot ):
if otherChoice[otherCharx] == char:
return False

Since no choice for otherSlot has char at the crossing position, return True to signify that there is
a clash.
kkck

#-- 5 --
return True

47.Puzzle. assumeChoice():Try out an assumption

kkck

# - - - Puzzle. assumeChoice

def assumeChoice ( self, thisSlot, choice, nextSlot ):
'''Generate solutions assuming thisSlot==choice

[ (thisSlot is a slot in self) and
(nextSlot is the successor of thisSlot) and
(choice is a Word that is NOT a choice for thisSlot in
self. wordBank) and
(all slots preceding thisSlot have a single choice) ->
generate solutions to self assuming thisSlot==choice ]

This method calls the recursive solver (Section 44, “Puzzle. recurSolver(): Recursive solv-
er” (p. 40)) to generate any solutions that result from assuming that thisS1lot should contain choice.
It assumes that the caller has already removed choice from self. _wordBank's choices for thisSlot.
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If we assume that choice is the right word for thisSlot, then we can remove that word from all the
other slots for which it is a choice. However, we need to put that word back into the set of choices for

each of those other slots before returning.

kkck

otherSlotList = self. wordBank.wordToSlots ( choice )

self. wordBank.mayBe ( thisSlot, choice )
for otherSlot in otherSlotList:
self. wordBank.isNot ( otherSlot, choice )

#-- 3 --
# [ generate solutions assuming slots preceding nextSlot
# are unchanged ]
for solution in self. recurSolver ( nextSlot ):
yield solution

for otherSlot in otherSlotList:
self. wordBank.mayBe ( otherSlot, choice )
self. wordBank.isNot ( thisSlot, choice )

ool oo
# [ otherSlotList := slots in self for which self. wordBank
# shows (choice) as one of their choices 1]

#-- 2 --

# [ self. wordBank := self. wordBank + (choice (choice)
# for thisSlot) - (choice (choice) for all slots in
# otherSlotList ]

oo Al oo

# [ self. wordBank := self. wordBank - (choice (choice)
# for thisSlot) + (choice (choice) for all slots in
# otherSlotList ]

48. class Cell: One location for a character

Each instance of this class represents one location in the puzzle where a letter may go. Each cell's . text
attribute may contain one clue letter, or UNK_CELL if there is no clue letter there. Clues are uppercased

for the convenience of the person preparing the puzzle file. Here is the interface:

kkck

# - - - - - class Cell

class Cell(object):
'''Represents one character position of the puzzle.

Exports:
Cell ( coord, text ):

[ (coord is a cell location as a Coord instance) and
(text is a clue character, or UNK CELL if the content
of this cell is not initially known) ->

return a new Cell instance with that location and
text, and no associated slots ]
.coord: [ as passed to constructor, read-only ]
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.text: [ as passed to constructor, read-only, uppercased ]
.addSlot ( slot ):
[ slot is a Slot instance that intersects self ->

self := self with slot added to its list of
associated slots ]
.genSlots():

[ generate the slots associated with self as a sequence
of Slot instances, if any |

State/Invariants:
. _slotList:

_[ a list of the Slot instances that intersect self,
if any ]

49. Cell. init__ (): Constructor

kkck

# - - - Cell. init

def init  ( self, coord, text ):
"'*Constructor
self.coord = coord
self.text = text.upper()
self. slotList = []

50. Cell.addSlot(): Add an intersecting slot

kkck

# - - - Cell.addS1lot

def addSlot ( self, slot ):
'"'"'Add an intersecting slot to self.

self. slotList.append ( slot )

51. Cell.genSlots(): Generate the slots intersecting this
cell

kkck

# - - - Cell.genS1lots

def genSlots ( self ):
'''Generate all the slots intersecting self.

return iter ( self. slotList )
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52. class Slot: One place where a word goes

Each instance of this class describes either a horizontal slot or a vertical slot.

kkck

# - - - - - class Slot

class Slot(object):
'''Represents one location for a word in the puzzle.

Exports:
Slot ( origin, length, isV ):
[ (origin is the location of the first cell of the slot
as a Coord instance) and
(length is the length as a positive int) and
(isV is O for horizontal, 1 for vertical) ->
return a new Slot instance representing these values 1
.origin: [ as passed to constructor, read-only ]
.length: [ as passed to constructor, read-only ]
.isV: [ as passed to constructor, read-only ]
. str_(self): [ return a string repr. of self ]
. _len_(self): [ returns self.length ]
. __getitem (self, k):
[ return the location of the (k)th character of self
as a Coord instance ]

The __cmp__ method defines a full ordering on slots. This is necessary for reasons discussed in Sec-

tion 4_1.2, “Data structures” (p. 5).
kkck

.__cmp__ (self, other):
[ usual comparison function, with self.origin as
the primary key and self.isV the secondary key ]

These methods convert from positions within the puzzle to and from positions within the slot.
kkck

.genCoords():
[ generate the coordinates of cells in self in
ascending order by index, as Coord instances ]
.findCoord ( coord ):
[ if coord is within self ->
return the position of that coord relative to self's
origin
else -> raise IndexError ]

53.Slot. init_ (): Constructor

kkck

# - - - SlTot. _dinit

def init  ( self, origin, length, isV ):
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'"'Constructor

self.origin
self.length
self.isV = isV

origin
length

54. Slot. str ()

kkck

# - - - Slot. str

def str (self):
"'"'Return self as a string

return ( "%s%d%s" %
(showIsV(self.isV), self.length, self.origin) )

55.Slot. 1len__ (): Return the slot length

kkck

# - - - SlTot. len
def len ( self ):
"'"'Return the length of the slot.

return self.length

56.Slot. getitem (): Slot position to puzzle position

kkck

# - SlTot. getitem_

def getitem ( self, k ):
''*'Return the coord of the [k]th character of this slot.

There are two cases:

e For a horizontal slot, the result is at row self.origin[0], column self.origin[1]+k.

¢ For a vertical slot, the result is at row self.origin[0]+k, column self.origin[1].

Assuming that self.1isVis either 0 or 1, then perpendicutal(self.1isV) is 0 for horizontal, 1 for
vertical; see Section 12, “perpendicular(): Return the opposite orientation” (p. 12). This transform
allows us to generalize the logic to a single case.

kkck

#-- 1 --

# [ if self.isV is 0 ->

# return Coord ( self.origin[0@]+k, self.origin[1l] )
# else if self.isV is 1 ->

# return Coord ( self.origin[0], self.origin[1]+k ) ]
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return Coord ( self.origin[0@] + k*self.isV,
self.origin[1l] + k*perpendicular(self.isV) )

57.Slot.__cmp__ (): How to compare two slots

When comparing two slots, a slot from a higher row comes before a slot from a lower row. If they are
in the same row, the one on the left comes first. If both slots start in the same cell, the horizontal slot
comes before the vertical slot.

kkck

# - - - SlTot. _cmp
def cmp  ( self, other ):
"''Compare two slots by position.
return cmp ( (self.origin, self.isV),
(other.origin, other.isV) )

58. Slot.genCoords (): Generate all cell coordinates of a
slot

kkck

# - - - SlTot.genCoords

def genCoords ( self ):
"' 'Generate the coordinates in self.

There are two cases, depending on whether this is a horizontal or vertical slot.
kkck

#-- 1 --
if self.isV: # Vertical case, step through rows
for rowx in range(self.origin[0],
self.origin[0]+self.length):
yield Coord(rowx, self.origin[1])
else: # Horizontal case, step through columns
for colx in range(self.origin[1],
self.origin[1l]+self.length):
yield Coord(self.origin[@], colx)

59. Slot.findCoord(): Puzzle position to slot position

kkck

# - - - SlTot. findCoord

def findCoord ( self, coord ):
''"'What position in this slot corresponds to a given coord?
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We are trying to determine the offset within the slot of a given puzzle coordinate, and we must also
insure that the coordinate is actually within the slot. There are two cases, depending on the slot's orient-
ation.

* For a horizontal slot, coord[0] must equal self.origin[0]. The offset is the distance between
coord[1] and self.origin[1].

* For a vertical slot, coord[1] must equal self.origin[1]. The offset is the distance between co-
ord[0] and self.origin[0].

We must also insure that the offset is in the half-open interval [0, self. length), or raise IndexError
because coord is outside this slot.

Since the Coord class defines subtraction on coordinates, we start by finding the offset between the
slot's origin and coord. See Section 75, “class Coord: One location in the grid” (p. 59).
kkck

#-- 1 --
# [ offset := distance coord is to the right of and
# below self.origin, as a Coord instance 1]

offset = coord - self.origin

#-- 2 --
if (offset[0] < O) or (offset[1l] < 0):
raise IndexError

Next comes the check that the offset does not exceed the length of the slot in the slot's orientation, and
that the offset is exactly zero in the opposite direction.
kkck

#-- 3 --

# [ if self.isV ->

# rowLimit := 0

# colLimit = self.length

# else ->

# rowLimit := self.length

# collLimit = 0 ]

rowLimit, colLimit = 1, self.length
if self.isV:

rowLimit, colLimit = colLimit, rowLimit

#-- 4 --
if ( (offset[0] >= rowlLimit) or
(offset[1] >= colLimit) ):
raise IndexError

All that remains is to return the appropriate part of the offset: the column offset for horizontal slots, the
row offset for vertical slots.
kkck

#-- 5 --

# [ if self.isV ->

# return offset[1]

# else ->

# return offset[0] ]

return offset[perpendicular(self.isV)]
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60. class WordBank: The word list and puzzle state

For a discussion of the design of this class, see Section 4.7, “The WordBank class” (p. 8).

kkck

# - - - - - class WordBank

class WordBank(object):
'''Represents the word list and the state of the solution.

Exports:
WordBank (puzzle):
[ puzzle is a Puzzle instance ->
return a new, empty WordBank instance that uses
puzzle's geometry ]
.maxLen:
[ if self is empty -> 0
else -> maximum word length in self ]
.addWord ( word ):
[ word is a nonempty string ->
if word is not in self ->
self := self with word added
else -> raise SyntaxError ]
.__len_(self): [ return number of words in self ]
.wordsOfLen ( n ):
[ nis an int ->
return the number of words in self of length n ]
.genAllWords():
[ generate all words in self, regardless of length ]
.genCandidates ( n ):
[ nis an int > 2 ->
generate all the available words of length n
as Word instances ]
.mayBe ( slot, word ):
[ (slot is a Slot instance) and (word is a Word instance) ->
add word to the set of available choices for slot ]
.isNot ( slot, word ):
[ remove word from the set of available choices for slot ]
.totalChoices():
[ return the sum of the count of choices for all
slots in self ]
.genSlotChoices ( slot ):
[ slot is a Slot instance in self ->
generate the current set of choices for slot
as a sequence of Word instances ]
.slotCharChoices ( slot, coord ):
[ (slot is a Slot instance in self) and
(coord is the location of a cell in slot as a Coord) ->
return a set of the characters that are choices at
that position ]
.cellChoices ( coord ):
[ coord is a Coord instance ->
if there is no cell at coord ->
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return '

else ->
return a set of all the characters that are
possible choices at coord ]

.wordToSlots ( word ):
[ word is a Word in self ->
return a new list of the slots for which this word
is currently a choice, as Word instances ]

There are several internal data structures. The . nWords attribute tracks the number of words in the
word list. The . totalChoices invariant tracks the sum of the numbers of choices for each slot. The
.__lenMap dictionary holds all the words, segregated by length.

kkck

State/Invariants:
.__nWords: [ number of words in self ]
.__totalChoices:
[ the sum of the number of choices available to
each slot in self ]
.__lenMap:
[ a dictionary whose keys are the unique lengths of
words in self, and each associated value is a
list of words of that length as Word instances,

sorted in ascending order by (length, text) ]

The .__choiceMap attribute tracks which words are still considered possible choices for each slot.
The . wordToSlots attribute tracks the inverse of that relation: which slots have a given word as a

choice.
kkck

.__ChoiceMap:

[ a dictionary whose keys are Slot instances, and
each corresponding value is a set of the words
that may fill that slot, as a Word instance ]

.__wordToSlots:

[ a dictionary whose keys are the Word instances in
self, and each related value is a set of the
Slot instances that have that word as a choice ]

61.WordBank. init__ (): Constructor

kkck

#--- WordBank. init
def init ( self, puzzle ):
"'"'Constructor
self.puzzle = puzzle
self.maxLen = 0

self. nWords = 0

self. totalChoices = 0

self. 1lenMap = defaultdict(set)
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self. choiceMap = defaultdict(set)
self. wordToSlots = defaultdict(set)

For more information on the defaultdict type, see its import in Section 6, “Imports” (p. 9). The
self.__choiceMap will act like a dictionary in most respects, but if anyone references an entry that
doesn't exist yet, the entry for that key will automatically be initialized as an empty Python set.

62. WordBank.addWord(): Add a word to the word list

kkck

# - - - WordBank.addWord

def addWord ( self, rawWord ):
'"*'Add a word to the bank.

When a word is added, we must perform several operations:

¢ Compute the running maximum word length, self.maxLen.

* Add one to the word count, self. nWords.

¢ Add the word to the set of words in self. lenMap[N], where N is the length of the new word.

kkck

#-- 1 --
# [ word := a Word instance made from rawWord ]
word = Word ( rawWord )

#-- 2 --
# [ self.maxLen := max ( self.maxLen, len(word) )
# self. nWords +:= 1
# self. TlenMap[len(word)] +:= word ]
self.maxLen = max ( self.maxLen, len(word) )
self. nWords +=1
if word in self. 1lenMap[len(word)]:
raise SyntaxError ( "Duplicate word '%s'." % word )
self. lenMap[len(word)].add ( word )

63. WordBank. len__ (): How many total words?

kkck

#--- WordBank.  1len

def len ( self ):
"'"'Return the number of words of all lengths.

return self. nWords
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64. WordBank.wordsOfLen(): How many words have a
given length?

kkck

# - - - WordBank.wordsOfLen

def wordsOfLen ( self, n ):
"'"'"How many words have length n?

return len(self. lenMap[n])

65. WordBank.genAllWords () : Generate all the words

kkck

# - - - WordBank.genAllWords

def genAllWords ( self ):
"''Generate all the words in self.

#-- 1 --

for word in self. wordToSlots.keys():
yield word

#-- 2 --

raise StopIteration

66.WordBank.genCandidates ():What words have a given
length?

kkck

# - - - WordBank.genCandidates

def genCandidates ( self, n ):
'''Generate all words of length n.

#-- 1 --
# [ wordList := the words from self. lenMap[n] as a
# list of Word instances ]

wordList = list ( self. lenMap[n] )

As a convenience in debugging, we'll generate the words in ascending order.
kkck

#-- 2 --
# [ wordList := wordList sorted into ascending order ]
wordList.sort()

#-- 3 --
for word in wordList:
yield word
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#-- 4 --
raise StopIteration

67. WordBank.mayBe(): Add one word choice to a slot

For each slot S, self. choiceMap[S] is a set of the choices for slot S, as Word instances, and
self. wordToSlots[W] is the set of slots that have word W in their choices. We must also track the
total number of choices in the whole puzzle, self.__totalChoices.

kkck

# - - - WordBank.mayBe

def mayBe ( self, slot, word ):
'''Add word as one choice for slot.

#-- 1 --

# [ if self. choiceMap has an entry for (slot) ->

# self. choiceMap +:= word

# else ->

# self. choiceMap := a new set containing word ]
if VERBOSE: print "=== Slot %s may be %s" % (slot,word)

self. choiceMap[slot].add ( word )
self. wordToSlots[word].add ( slot )

#-- 2 --
self. totalChoices +=1

68. WordBank.1sNot(): Remove one word from a slot's list
of choices

kkck

# - - - WordBank.isNot

def isNot ( self, slot, word ):
'''Remove word from the set of choices for slot.

There is no guarantee that word is currently a choice for slot; if it isn't, simply return. Otherwise, we
must remove that word from the slot's set and also decrement the self. totalChoices counter.
kkck

#-- 1 --
# [ choiceSet := the set of choices for slot ]
choiceSet = self. choiceMap[slot]

#-- 2 --

if word not in choiceSet:
return

else:
self. totalChoices -=1

#-- 3 --
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# [ self. choiceMap := self. choiceMap with choice

# word removed from the set for key (slot)
# self. wordToSlots := self. wordToSlots with
# slot removed from the set for key (word) ]

self. choiceMap[slot].remove ( word )
self. wordToSlots[word].remove ( slot )
if VERBOSE: print "=== Slot %s is not %s" % (slot,word)

69. WordBank.totalChoices(): How many total choices
are in the current state?

kkck

# - - - WordBank.totalChoices

def totalChoices ( self ):
'''Returns the sum of the counts of all choices for all slots.

return self. totalChoices

70.WordBank.genSlotChoices ():Whatwords are choices
for a slot?

kkck

# - - - WordBank.genSlotChoices

def genSlotChoices ( self, slot ):
'''Generate the words that are still choices for a given slot.

#-- 1 --
return iter ( self. choiceMap[slot] )

Because self. choiceMap[slot] isa list of the Word choices for that slot, it is sufficient to return

an iterator for that list. This allows the caller to iterate over the choices, but does not allow modification
of the list.

71.WordBank.slotCharChoices ():What letters are choices
at a given position?

kkck

# - - - WordBank.slotCharChoices

def slotCharChoices ( self, slot, coord ):
'''Return the set of characters for slot's choices at coord.

#-- 1 --
# [ if coord is in slot ->
# k := index within slot of coord
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# else -> raise IndexError ]
k = slot.findCoord ( coord )

Now we iterate over the words that are choices for this slot (see Section 70, “Word-
Bank.genSlotChoices(): What words are choices for a slot?” (p. 56)). For each word, we extract
the character at position [ k], make it into a singleton set, and then use the Python reduce () function
to form the union of all those sets; set.__or__ is the function of the set type that implements the
“| " operator, set union.

kkck

#-- 2 --
# [ return the union of the sets of all characters that occur
# in position k of words that are choices for slot ]
wordList = [ set(word[k])
for word in self.genSlotChoices ( slot ) ]

if len(wordList):

return reduce ( set. or_ , wordList )
else:

return set()

72.WordBank.cellChoices():What characters are choices
at a given coordinate?

This method has two applications:

¢ To display the current state of the puzzle, we need to know what cells are or are not yet solved. If
there is only one possible character choice at a position, we can confidently display that character
there. If there are still multiple choices there, we display the cell using the UNK_CELL character to
show that it remains unsolved.

Also, this method is a convenient place to display a space where there is no cell, so it returns ' ' in
that case.

¢ During the cyclic reductionphase, this function returns only letters that are common to all the choices
of slots that intersect this cell. This allows us to discard choices that don't have any of these letters.

kkck

# - - - WordBank.cellChoices

def cellChoices ( self, coord ):
"'"'What characters are possible choices at a given location?

The first order of business is to determine whether there is a cell at this location, and return a space if

not.
kkck
#-- 1 --
# [ if there is a cell at coord in self.puzzle ->
# cell := the Cell instance at coord

# else -> return a space character ]
cell = self.puzzle.whatCell ( coord )
if cell is None:

return ' '
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So that this method can be used to echo the puzzle layout before its slot choices have been added, if
self._ _totalChoices is zero, we can simply display the text of the cell, and we're done.
kkck

#-- 2 --
if self. totalChoices ==
return cell. text

However, because this method is also used during the solution process, in that case we'll want to show
the solution for cells that have been solved.

For each slot that intersects this cell (there may be either one or two), there is a set of choices for the
letter that occurs at this position. However, when there is an intersection, the same letter must be used
from each choice. Hence, the result we want is the intersection of those sets. The set. _iand__ oper-
ator is the method in the set type that implements the “&” operator, set intersection.

For the method that finds the characters that are in choices for a particular slot, see Section 71, “Word -
Bank.slotCharChoices(): What letters are choices at a given position?” (p. 56). For the method
that generates all the slots that contain a given cell, see Section 51, “Cell.genSlots(): Generate the
slots intersecting this cell” (p. 46).
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#-- 3 --
return reduce ( set. and ,
[ self.slotCharChoices ( slot, coord )
for slot in cell.genSlots() ] )

73.WordBank.wordToSlots (): Which slots use a given
word?

kkck

# - - - WordBank.wordToS1o0ts

def wordToSlots ( self, word ):
'"'"'Return a list of the slots that have this word as a choice

The value returned by Section 73, “WordBank .wordToSlots () : Which slots use a given word?” (p. 58)
is a set of words. Just in case the caller plans to modify what we return, we'll use the 1ist () constructor
to make a copy of it as a list.

kkck

#-- 1 --
# [ if word is a key in self. wordToSlots ->
# return a copy of the related list

# else -> raise KeyError ]
return list(self. wordToSlots[word])

74. class Word

Each instance of this class represents one unique word in the word list.
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There is not much to this class, and except for one detail, we could actually use regular Python str in-
stances: they support the len () function, and they sort in alphabetical order. The sole functional objection
is that they are case-sensitive.

By convention, letters in a Kriss Kross are all treated as uppercase. This solves two problems. First, the
solution is displayed with uppercase letters even if the input file presented the words in lowercase.
More subtly, suppose the person preparing the input file spelled the word COD with uppercase letters,
and spelled dog with lowercase, and the solution requires that those two words interesect at the letter
D. If d and D are considered separate characters, the solution algorithm will not allow those two words
to intersect there.

So that we don't have to define all the special methods like _cmp () and getitem (), our
Word class can inherit from the built-in str class. To give the class our special rules, we must override
the . new () method, nottheusual . init () method. Notes on this process can be found in
Guido van Rossum's Unifying types and classes in Python 2.2 in the section “Overriding the ~_new__

method.”
kkck

# - - - - - class Word

class Word(str):
'''Represents a unique word in the word list.

Exports:
Word ( text ):
[ text is a nonempty string containing no spaces or
occurrences of UNK CELL ->
return a new Word instance representing text,
uppercased
else -> raise ValueError ]

def new ( cls, text ):

"''"Constructor for Word
if UNK CELL in text:
raise ValueError ( "Word '%s': character '%s' is not "
"allowed in the word list." % (text, UNK CELL ) )
if ' ' in text:
raise ValueError ( "Word '%s': blanks are not allowed "
"in the word list." % text )
return str. new (cls, text.upper() )

75. class Coord: One location in the grid

Each instance of this class represents the intersection of a row and column, where a cell may occur (or
not, if that location is blank in the framework).

kkck

# - - - - - class Coord

10 http:/ /www.python.org/download /releases/2.2.3/descrintro/
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class Coord(object):
'''Represents one location in the puzzle grid.

Exports:
Coord ( row, column ):
[ (row is a nonnegative row number) and
(column is a nonnegative column number) ->
return a new Coord representing the intersection of
row (row) and column (column) ]
.rc:
[ a two-tuple (self[0], self[l]); read-only ]
.__cmp__ (self, other):
[ define an ordering with row number as the primary key
and column number as the secondary key ]
. _getitem (self, isCol):
[ isCol is 0 ->
return self's row
isCol is 1 ->
return self's column ]
. _setitem (self, isCol, value):
[ isCol is 0 ->
self[0] := value
isCol is 1 ->
self[1l] := value ]
. _add (self, other):
[ return a new Coord with row (self[O]+other[0]) and
column (self[1l]+other[1]) ]
. __sub (self, other):
[ return a new Coord with row (self[0]-other[0]) and
column (self[1l]-other[1]) ]
. str (self): [ return a textual representation of self ]
def init  ( self, row, col ):
self.rc = [row, col]

def cmp  ( self, other ):
return cmp ( self.rc, other.rc )

def getitem (self, isCol):
return self.rc[isCol]

def setitem (self, isCol, value):
self.rc[isCol] = value

def add ( self, other ):
return Coord ( self[O@]+other[0], self[l]+other[1l] )

def sub  ( self, other ):
return Coord ( self[0]-other[0], self[l]-other[1l] )

def str  ( self ):

return_"(%d,%d)“ % (self[0], self[1])
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76. Epilogue

kkck
#____
# Epilogue
B o o e e e o e e e e e e e e e e e e eeedaoo-
if name_ == "' main_ ‘'
main()
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