Exercises In
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Rules and constraints in software construction

PROGRAMMING STYLES



Programming Styles

Ways of expressing tasks
Exist at all scales

Recur in multiple scales
Codified in PLs



Why Are Styles Important?

Many

Common vocabularies
Basic frames of reference
Some better than others



Programming Styles



Raymond Queneau

RRYMOND QUENEAU




Queneau’s Exercises in Style

Metaphor
Surprises
Dream
Prognostication
Hesitation
Precision
Negativities
Asides
Anagrams
Logical analysis
Past

Present

CE)



Exercises in Programming Style

The story:

Term Frequency

given a text file,

output a list of the 25

most frequently-occurring
non stop, words, ordered by
decreasing frequency



Exercises in Programming Style

The story:

Pride and Prejudice —>

Term Frequency

given a text file,

output a list of the 25
most frequently-occurring
words, ordered by decreasing

frequency

—

mr - 786
elizabeth - 635
very - 488
darcy - 418
such - 395
mrs - 343
much - 329
more - 327
bennet - 323
bingley - 306
jane - 295
miss - 283
one - 275
know - 239
before - 229
herself - 227
though - 226
well - 224
never - 220



http://github.com/crista/
exercises-in-programming-style



@cristalopes #stylel name

STYLE #1



stop_words f.read().split(', ")

ist(string.:

-
E3
=]
t
m
=
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=]
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i].lower ()

if word not in stop_words:

pair_index 0

# Let’s see 1f it already exists

for pair in wc
if word

regs.append( [word, 1])

for tf in word_fregs([0:25]:

print ©f[0], * f. tE[1]




# the global list of [word, frequency] pairs
word fregs = []
# the list of stop words
with open('../stop words.txt') as f:
stop words = f.read().split(',")
stop words.extend(list(string.ascii lowercase))

LI¥]
[T}
rt
0.
v

|

# iterate through the file one Iin
for line in open(sys.argv[1l]):
start_char = None
i=20
for c in line:
if start_char == HNone:
if c.isalnum():
# We found th

start_char = i

Hm
ta
rt
18]
n|
rt
[n]
Fy
[\T}
=
[n]
a)
£L

else:
if not c.isalnum(}:
# We found the end of a word. Process it
found = False
word = line[start_char:i].lower()
# Ignore stop words
if word nmot in stop words:
pair_index = 0
# Let’s see if it already exists
for pair in word freqgs:
if word == pair[0]:
pair[l] += 1
found = True
found at = pair_index
break
pair_index += 1
if not found:
word freqgs.append([word, 1])
alif len(word fregs) > 1:
# We may need to reorder
for n in reversed(range (pair_index)}:
if word fregs[pair_index] [1] =
word freqgs[n] [1]:
# swap
word _fregs([n], word fregs|
pair_index] = word fregs|
pair_index], word_freqgs[n]
pair_index = n



W
st of s words

with openi(® ../ s words.txt’) as f:
| .read() .split(*, "}

ist(string.a

for line in open(sys.argv([1l]):

for ¢ in line:

if start_char Mone:

if c.isalnum():

;s
found at pair index
break
pair index += 1
if not found:
word freqgs.append([word, 1])
> 1:
reorder
d({range (pair_index)):

s[pair_index] [1] =
q=s[n][1]:

fregs|

for tf in word_fregs[0:25]:
print t©f[0], * r, tE[1]




Style #1 Main Characteristics

No abstractions
No use of libraries
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Style #1 Main Characteristics

No abstractions
No use of libraries
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@cristalopes #style2 name

STYLE #2



import re, string, sys

stops = set(open("../stop words.txt").read().split(",") + list(string.ascii lowercase))
words = [x.lower () for x in re.split("["a-zA-Z]+", open(sys.argv[l]).read()) if len(x) > 0 and x.lower () not in stops]

unique words = list(set(words))
unique words.sort (lambda x, y: cmp(words.count(y), words.count (x)))
print "\n".join(["%s - %s" % (x, words.count(x)) for x in unique words[:25]])

Credit: Laurie Tratt, Kings College London



import re, string, sysS

stops = set(open("../stop words.txt").read().split(",") +
list(string.ascili lowercase))
words = [x.lower () for x in re.split("["a-zA-Z]+",
open (sys.argv[l]) .read())
if len(x) > 0 and x.lower () not in stops]
unique words = list (set (words))

unique words.sort (lambda x, y: cmp(words.count (y),
words.count (x)))

print "\n".Jjoin(["%s - %s" % (X, words.count (x))
for x in unique words[:25]])




import re, string, sys

stops = set(open("../stop words.txt").read().split(",") +
list (string.ascii lowercase))
words = [x.lower () for x 1n re.split("["a-zA-Z]+",
open (sys.argv[l]) .read())
1f len(x) > 0 and x.lower () not 1in stops]
unique words = list (set (words))

unique words.sort (lambda x,y:cmp(words.count(y),
words.count (x)))

print "\n".Jjoin(["%s - %s" % (x, words.count (x))
for x in unilique words[:25]])




Style #2 Main Characteristics

No [named] abstractions
Very few [long] lines of code
Advanced libraries / constructs
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Style #2 Main Characteristics

No [named] abstractions
Very few [long] lines of code
Advanced libraries / constructs
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@cristalopes #style3 name

STYLE #3



glebal words
glebal word_fregs
for w in words:
for wd in wo

glebal data
f open (path

Sor

data data + list( ¥
F.close() glebal wor

word_Irre

and normalize():

def

lphan

for i im range (len(data))

if met datali )
else
data[i] data[i] .lower ()

def

def




data=1[] ;:def frequencies():

B == 1= T e e

WordS: [ ] .::.'::ﬂs with freguencies
glebal words

7 freqS: [ ] | glebal word_fregs
B . 832 for w in words:
keys = [wd[0] for wd in word_fregs]
if w in keys:
word fregs|[keys.index(w)][1] += 1
else:
Takes a path to i 1d assigns the entire a7 word fregs.append([w, 1]}
contents of the fil o the global wariable data a2
rabal ets “ def sort():
f = open(path_to file) ] Sorts word fregs by freguency
data = data + list(f.read()}) T3 SLL

glebal word_fregs

! def fllter_normallze () . word_fregs.sort (lambda x, y: cmpiy[1], x=[1]}}

' def read file (path):

glebkal data '
for i in range (len(data)): # Ma_ln

if not data[i].isalnum(): #
B read file(sys.argv[1l])
filter normalize ()

glebal data Scan ()
glebal words rem_stop_words ( )

data_str = ''.join(data)
words = words + data_str.split() frequencies ( )
def rem stop words() : sort ()

f = open{”.. /stop_words.txt")
stop words = f.read(}.split(’,")

f.close () - e for tf in WOrd_freqS [O . 25] .

def

# add single-letter
stop words.extend(list (string.ascii lowercase)) ,
indeces - [] print tf[O0], ' - ', tf[l]
for i in range (len(words)):

if words[i) in stop words:

indeces.append (i)

for i in reversed|indeces):

words.pop(i)




Style #3 Main Characteristics

Procedural abstractions
maybe input, no output
Shared state

Commands
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@cristalopes #style4 name

STYLE #4



def

def

def

def

def

data f.r

f.close()

return data

fre

L OwWer

for tf im wor
print tf]




impert sys, re, operator, string
=
# The functions

'def filter (str data):

ijaKkes a4 Scring ana recurns a4 copy wicn aii nonalphanumeric

chars replaced by white space

return

;def normalize (str data):

- " returns a copy with all chars in lower
return
. er()
def scan(str data):
a 18aKxkes 3 SLring ana ECEE IO wWoras, TECU:'J—.::J—.Q'
return
smeuwsn avs_waca.spaib ()
def rem stop words (wordl) :
Takes a list of words and returns a copy with all stop
words removed
f = open("../stop words.txt")
stop_words = f.read().split(",")
f.close ()
- T - words
return ist (string.ascii_lowercase))
) word_list if met w im stop words]
‘def frequencies (wordl) :
: 13Kes 3 1ISC Of WOrds ana rerturns 3 alcrtlonary associatin

words with freguencies of occurrence

word_fregs = {}

—

=

for w in word_list:
if w in word fregs:
word fregs[w] += 1

return ... |- !

eg.iteritems (), key=operator.itemgetter

return
2]

#
# Main
#

WfreqS:st(fq(r(sc(n(fc(rf(sys.argv[l] )))))))

for tf in wfregs[0:25]:
print t£[0], ' - ',

tf[1]




Style #4 Main Characteristics

Function abstractions
f: Input > Output
No shared state

Function composition f%g
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Style #4 Main Characteristics

Function abstractions
f: Input > Output
No shared state

Function composition f °g

@cristalopes #style4 name
Image credit: Nvkamp DQ, From Math Insight. http://mathinsieht.ore/image/function machines composed


http://mathinsight.org/image/function_machines_composed
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STYLE #5



re, operator, sSLIring

return funcidata, normalize)

pattern +

return func

remowve

mww

return fun

tendalli:s

[w for w in rd 1 i op_words],

raturn func freqs, no_op)

sorted OW

mww

return func

itemgetter

operator.

no_op{a
return a




1 import sys, re, operator, string

e

4+ # The functions

e

' def read file(path, func):

return func(.., normalize)

;Edef filter chars(data, func):

return func(.., scan)

Efdef normalize (data, func):

N return func (.., remove stops)

;;def scan (data, func):

i return func (.., frequencies)

+ def remove stops(data, func):

return func(.., sort)

P
4B
4t dof frequencies|

ist IE1:<: .

1i
49 words with £ ]

T mww

48 Takes a dicticonary associating

o def

word_fregs = {}
for w in word list:
if w in word fregs:
word fregs[w] += 1
alsa:
word fregs[w] =1
return func (word_ fregs, no op}

sort {word freg, func):

www

Takes a dictionary of words and their freguencies

and returns a list of pairs where the entries are

sorted by freguency

www

return func(sorted(word freg.iteritems(),
itemgetter (1), rewerse=True), Hone)

key=operator.

no_copf{a, func):
return =

w fregs=read file(sys.argvl[1l],

filter chars)

for tf in w fregs[0:25]:
print tf£[0], ' - ',

tf[1]




Style #5 Main Characteristics

Functions take one additional
parameter, f

called at the end

given what would normally be the
return value plus the next function
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@cristalopes #styleb6 name

STYLE #6



import svys, re, operator, strin
from abc import ABCMeta

[re]

class TFExercise (cbhiject):
__metaclass = ABCMeta

def info(szelf):
return =elf. class . name_ + ": No major
structure”

class DataSto
rrr Model
'

ra
=
def _ init  (self, path_to file):

f = open(path_teo_ file)

self. _data = f.read{)

f.claose ()

self. filter chars{)

self. normalize()

ilter chars(self):

pattern = re.compile(” [}
self. data = pattern.su

daf _ normalize (self):

mwmw

Takes a string and returns a copy with all character
=

T
self. data = self. data.lower|()

def words(=zelf):

mwmw

Returns the
ata str = .Join{self. data)
return data stv.¢p11tr

daf infoizelf):
return =elf. class . name_ + ": My ma
structure is a " + self. data._ cl
class StopWordMan
mrr Models th

_stop _words =
def _ init l'se f):

ager (TFExerci
e stop word fi

data

f = open("../stop_words.txt")

self. stop words = £.read().split{",")

f.close ()

# add single-letter words

self. t:u_:u_-.-.u: ds.extend (list (string.ascii_lowercase))

def is_stop word(self, word):
return word in self._stop words

daf info(=zelf):
return self. class_ .  name_ + My major data
5 a " + zelf. stop words._ class . name_

structure

class WordFrequencyManager (TFExercise) :

mwmw mwmw

Keeps the word freguency data
_word_freqs = {}

def increment_count {(self, word):
if word in self._word fregs:
self. word fregs[word] += 1

alse:
self. word fregs[word] =

def scorted(self):
return sorted(self. word fregs.iteritems(}, key=operator.
itemgetter(l), rewverse=True)

daf info(=zelf):
return =s=1f. class__ . name__ +
5 a " + zelf. word fregs._ class . name__

": My major data

structure i

class WordFrequencyController (TFExercise) :
daf _ init_ (self, path to_file):
self. storage_manager = DataStorageManager (path_teo file)
self. stop word manager = StopWordManager ()
self. word freq manager = WordFregquencyManager ()

daf run(self):
for w in self. storage_manager.words({):
if not self. stop word manager.is stop word(w):
self. word_freq manager.increment_count (w)
word fregs = self. word Erec_maneqer.s:\rte-ﬂ[]
for tf in word_fregs[0: ]
print t£f[0], = - -, tE

e

The main function

| e e

ordFrequencyControlle

2]
L]

[
1]
u
H

i
d
[
2]
=
=]




1 import =sys, re, operator, strin
z from abc import ABCMeta

[T}

B
= &# The classes

class TFExercise () :

def info(self):

structure”

class DataStorageManager (TFExercise) :

_+ ": No major data

_data =
1€ def _ init (self, path_to file):
17 f = open(path_teo file)

self. data =
f.close ()
elf. filter chars()
self. normalize()

f.read()

L]

def  filter chars(self):

o s

1= Takes a string and returns a copy with all nonalphanumeric
chars

2¢ replaced by white space

o o

pattern = re.compile(” [\W_]+")

self. data = pattern.sub(" *, self._data)
def normalize (self):
o
Takes a string and returns a copy with all characters in
lower case
e

self. data =

- def words (self) :

Returns the list words in storage

self. data.lower|()

mwmw

1 data_str = ''.join{self. data)

: def info(self):
i6 return =elf. _-?lass_ . name_ +

: My major data

class StopWordManager (TFExercise) :

1B rer Models the stop word falter """

15 _stop words = []

f = open("../stop words.txt")
self. stop words = f£.read().split({",")
f.close ()

B4 # add single-letter words

.  def is stop word(self, word):

return word in self. stop words

~  def info (self):

a1 + ™

" + zelf. stop words. class . name

My major data
structure is a

class WordFregManager (TFExercise) :

13 werd Frome = 1

. def inc count(self, word):
. T elf. word freqs(word] 4= 1

7 else:

71 2ol f werd Framszluard] = 1

- def sorted(self):

S U, o 1 = -1 1. ) 8

reverse=True)

key=cperator.

itemgetter (1),

« def info(self):

— + My

My major data

structure is a " + =self. word fregs. class . name

class WordFregController (TFExercise) :

daf _ init  (self, path to_file):

self. storage_manager = DataStorageManager (path _to file)
StopWordManager ()
WordFrequencyManager ()

self. stop word manager
B4 self. word freq manager

;i def run(self) :

AL HUL SELlIl. SCLOp wora manager.is stop word (w) :
self. word freq manager.increment_count (w)

wr.words () :

word fregs = self. word freqg manager.sorted()
for tf in word_fregs[0:25]:
print tf[0], = - ¢, tf[1]

# Main
WordFregController (sys.argviil) . run ()

def  init  (self):



Style #6 Main Characteristics

Things, things and more things!
Capsules of data and procedures
Data is never accessed directly

Capsules say “I do the same
things as that one, and more!”
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Capsules of data and procedures
Data is never accessed directly

Capsules say “I do the same
things as tha?<‘$ofj and more!”

\.
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@cristalopes #style7 name

STYLE #7



import sys, re, operator, string

Y

lines = data str.split({"\
for i in xrange (0, len{lines), nlines
yield "\n’.join{lines[i:1 i

= dof split_words(data_str):

mwmw

stop words.
each word in the

24 Takes a string and returns a copy
e

27 pattern = re.compile(’
28 return pattern.sub{* *,

def normalize (str_data):

mwmw

Takes a string and returns a copy with all characters
lower case

mwmw

34 return str data.lower()

38 Takes a string and scans for words, returning
a list of words.
w

1 return str_data.split ()

11 def _remove_stop words{word list):
= open(’../stop_words.txt")

1 stop_words = f.read({).split(",")

T f.claose ()

! # add single-letter words

15 stop_words.extend{list (string.ascii_lowercase))

! return [w for w in word list if not w in stop words]

so def count_words(pairs_list_1,

B4 where

e mrw

B # The actual work of splitting the input into words

B result = []

B words = _remove_stop_words(_scan(_normalize | filter chars|
data_str))))

B4 for w in words:

BB result.append({w, 1))

57 return result

mw
Takes
I il

[iwl,

and retu

mapping = dict((k, v) For k, v in pairs_list 1)
for p in pairs list_2:

BE if p[0] in mapping:

mapping[p[0]] += p[1]
else:
mapping[p[0]] =1

return mapping.items ()

B4 f = cpen(path_to file)
BE data = f.read()

i f.close()

87 return data

en @of sort (word freqg):

mrw

Takes a co

and return are
sorted by
. o
= return sorted(word_£freg, key=operator.itemgetter(l), rewverse=
True)
B #
# The main function
#
splits = map(split_words, partition(read_fileisys.argv[1]}, 200})
splits.insert (0, []) # Normalize input to reduce
word_fregqs = sort(reduce {count_words, splits))



import sys, re, operator, string BO
# The actual work of splitting the input into words

3 F 52 result = []
4 # Functions for map reduce B3 words = _remove_ stop_words(_scan(_normalize( filter chars|
5 & data_str)}))
e daf partition(data str, nlines): B4 for w in words:
= o 13 result.append( (w, 1})
E Generator function that partitions the input data str (a big =
st ring) BT return result

9 into chunks of nlines. =

mrw 5o d@f count words(pairs_list_1, pairs_list 2}):

. . T
lines = data str.split{"\n")
81 Takes a two lists of pairs of the form

12 for i in xrange (0, len{lines), nlines): . o
yield *\n’.join{lines[i:i+nlines]} 82 [fwl, 1}, ...]
» 83 and returns a list of pairs [ (wl, fregquency), ...],
15 dof split_words(data str): B4 where freguency is the sum of all the reported occurrences
e 65 e
18 . . . . .
17 Takes a string, filters non alphanumeric characters, - mapping = d:.l"t[[]ic' B Y
normalizes Eo B7 for p in pairs list_ 2:
e - . 88 if p[0] in mapping:
1E lower case, scans for words, and filters the stop words. ing[p[0]] + (1]
. - . N - . &89 mappin =
15 It returns a list of pairs (word, 1), one for each word in the ~ alse: Rzl £
input, so : i )
~ 71 mappin 0 =1
20 [itwl, 1), (w2, 1), ..., {(wn, 1)] . pping[p(0]]
¢ o . 73 return mapping.items {}
23 def filter chars(str_data): - sEesd
2% : . : ) : s ¥
: Takes a string and returns a copy with all nonalphanumeric 7o # Auxiliary functions
chars T # :
36 replaced by white space . :
2l e . 7o d@f read file (path_to file):
a7 pattern = re.compile (" [\W_]+") o mow
= return pattern.sub{’ ’, str_data) El Takes a path to a file and returns the entire
== B2 contents of the file as a string
def normalize (str_data): e ww
e : : : B4 f = open(path_to file)
Takes a string and returns a copy with all characters in = data = f.read()
lower case Y] f.close()

return str_data.lower () # Maj_r]_

o e oelsee el splits = map(split words,
partition(read file (sys.argvi11), 200))

; return ot data ey Splits.insert (0, [])

s def semove stepwerdswen: WOYd freqgs = sort (reduce (count words, splits))

= open |’ ../stop word:
op words = f.read()}.:
.close ()

=dd single detter vt for tf In word fregs[0:25]:

48 stop _words.extend{list |

48 return [w for w im worc print tf [O] , v _ 1 , tf [1]

Takes a string and scar

a list of words.

e PR R |



def split words(data str)

wirw

Takes a string (many lines), filters, normalizes to
lower case, scans for words, and filters the stop words.
Returns a list of pairs (word, 1), so

[(wl, 1), (w2, 1), ..., (wn, 1)]
result = []
words = rem stop words( scan( normalize( filter (data str))))
for w in words:
result.append((w, 1))
return result




def count words (pairs list 1, pairs list 2)

Takes two lists of pairs of the form
[(wl, 1), ...]
and returns a list of pairs [(wl, frequency), ...],
where frequency 1s the sum of all occurrences
mapping = dict((k, v) for k, v in pairs list 1)
for p in pairs list 2:
if p[0] in mapping:
mapping[p[0]] += p[1]
else:
mapping[p[0]] = 1

return mapping.items ()



Style #7 Main Characteristics

Two key abstractions:
map(f, chunks) and
reduce(g, results)
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@cristalopes #style8 name

STYLE #8



f create_db schema (connect:
c connection.

c.execute (* "L fid
AUTOINCREME!

c.execute (""" { doc

c.execute (©°” fid

connection.commit ()

f open (path_to_file)
da f.read()
f.close ()

return data

.

Takes a string and returns a c with all nonalphanumeric
chars

replaced by white space, and all characters lower-cased
.
pattern re.compile(”
return pattern.sub{" -,

def =zcan(str_data):
rrr Takes for words, El

def remove_ stop words{word list):

f open |’ ../ /stop_words.txt")
f.read{).split(",")
words

=] WOorx

stop words.extend({list(string.ascii

; S S,
id, walusa) )

I vrm T amem | &8 F 1

, word id, wvalue) }

lowercase))

return [w for w in word list if not w in stop words]

words remowe

words

z_and normalize |

T

ow let’s
# Add the d

“He

*

L

= connection.
c.execute (" INS
path_to fi1l

p

c.execute ("5

documents [(name)

from documents W

[0]

# Add the

c.execute ("5 Y (1 ] x ‘L0

row c. fetchone ()

word_id row[0]

if word id None:
word_id 0

for w in words:
c.execute ("
oo_id, w))

(?, 2, ?)", {word_id,

1

.execute ("INSERT INTO characters VALUES (7, ?, 7",

char_id, word_id,
char_id += 1
word_id += 1

connection. commit ()

create_db_schema (conne:

load_file_into database | .argv[1l], connection)

# Now, let's guery
c connection. cursor ()
lue, COUNT(+) as C

ge (25) :
row c. fetchone ()
if row != None:
print row[0] + ' " 4 str(row[1l])

connection.close ()




# Main

connection = sglite3.connect (':memory:")

create db schema (connection)

load file into database(sys.argv[1l], connection)

# Now, let's query

c = connection.cursor ()

c.execute ("SELECT value, COUNT(*) as C FROM words GROUP BY value ORDER BY C DESC")
for i in range(25):

row = c.fetchone ()
if row != None:
print row[0] + ' - ' 4+ str(row[l])

connection.close ()



import sys, re, string, sglitel - . .
5 # Now let’s add data to the database

£ Add the daramant itsalf Fa tha datashasa

def create db schema (connection) :
c = connection.cursor ()
c.execute ('"'CREATE TABLE documents (i1id prIMARY KEY AUTOINCREMENT, Name) '':
c.execute ('''CREATE TABLE words (id, doc 1id, value)'''")
c.execute ('''CREATE TABLE characters(id, word id, value)''')
connection.commit ()
c.close ()

QUL _read Ii.e|Patn _to_Iilej: BE # Add the characters to the database
e . -
char_id = 0
Takes a path to a file and returns the entire contents of an for char in w:
the GE c.execute ("INSERT INTO characters WALUES (2, ?, ?}", |
- e .. . .
file as a string char_id, word_id, char))
. &5 char_id += 1
f = open(path_to file) 7 word id += 1
data = f.read() 7 connection. commit ()
f.close () 73 c.close ()
return data
#
def filter chars_and_normalize (str_data): v& # The main function
e :
e #
Takes a string and returns a copy with all nonalphanumeric 77 connection = sglitel.connect (|’ :memory:”)
chars v& create_db_ schema (connection)
replaced by white space, and all characters lower—-cased 7o load_file_ inteo_ database(sys.argv[1l], connection)

mow
pattern = re.compile (" [\W_]
return pattern.sub{" -,

= connection.cursor ()

# Now, let's guery
c.execute ("SELECT wvalue, COUNT(x) as C FROM words GROUP BY value

daef =can(str data): R BY C DESC")
mrr Takes a string and scans for words, returning a list s« for i im range (25):
LLL BE row = c.fetchone ()
if row != None:
print row[0] + * - * + str(row[1l])

of words.
return str_data.split ()

def remove stop words(word list):

f = open(’../stop words.txt") » connection.close ()
stop words = f.read().split(",")

f.close ()

# add single-letter words

stop words.extend({list (string.ascii_lowercase))

return [w for w in word list if not w in stop words]

ut intc words

# The actual work of splitting the in int
words = _remove_stop words(_scan(_filter chars and normalize (
_read_file (path_to_£ile}}})

T
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5O # Now let’s add data to the database

1 import sys, re, string, sglitel I
# Add +he Aaromant it oalf Fna tha datzshasa

2

# Now let's add data to the database

# Add the document itself to the database

c = connection.cursor ()

c.execute ("INSERT INTO documents (name) VALUES (?)", (path to
c.execute ("SELECT i1d from documents WHERE name=?", (path to fi.
doc_1d = c.fetchone () [0]

# Add the words to the database
c.execute ("SELECT MAX (i1d) FROM words")
row = c.fetchone ()
word i1d = row[O0O]
if word id == None:
word id = 0
for w in words:
c.execute ("INSERT INTO words VALUES (2, 2, ?)", (word id,
# Add the characters to the database
char 1d = 0
for char in w:
c.execute ("INSERT INTO characters VALUES (2?2, 2, 2)", (
char id += 1
word id += 1
connection.commit ()
c.close ()
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0.008 V096
0.008 grid II
0.02 V06
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