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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

(99)



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



ord

n in reverse
if word

word




# 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))

(1§}

# iterarte throogh the file cone Iine at a tim
for 1ine in open{sys.argv[l]):
start_char = Kone
i=20
for c in line:
if start_char == Hone:
if c.isalnum() :

# We found the start of a word

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 not in stop words:
pair_index = 0
# Let’s see if it already exists
for pair im word fr
if word == pair[0]:
palril] += 1
found =
found at = pair_index
break
pair_index += 1
if not found:
word fregs.append([word, 17)
alif len(word fregs) > 1:
# We may noed to reorder
for n in e sed{range (pair_index)):
if word eqsipair_index] [1]
word fregs[n][1]:
# swap :
word fregs[n], word fregs]
pair_index] = word fregs|
pair_index], word_fregs[n]

palr index = n




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

if star

else:
if

# Let's sec it already exists

for pair im word

if word == pa

pdl

if not

x

elif len({
for n in re
if word

# Lef’s reset
SCart_cnar None
JI L]

' £
¢ LILY1




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 unilque 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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STYLE #3



glebal words
glebal word f
for w in word

global

def fil

=

def
Lf in
rords print

= WOoOrOE




data=1[] ?'def frequencies|() :

e e |l Ll sl A R ek By

words with freguencies
www

' words=1]
fregs=[] . sk wors tiage

- Eor w im words:
o : ) : keys = [wd[0] for wd in word fregs]
1 ) . 04 if w in keys:
1 def read_flle (path) ° ik word fregs[keys.index (w)][1] += 1
13 e else:
Takes a path t« fi nd assigns the entire T word fregs.append(w, 1]}
contents of the fi the global variable dsta
e " def sort():
f = open{path_to file] T Sorts word fregs by freguency
data = data + Iist(f.read(})

. . glebal word fregs
def fllter_normallze () : word_fregs.scrt (lambda x, y: cmpiy[1], =[1]})

Deplaces 311 ponalphanumeric chars in data with white space #

global data .

for i in range(len(data)}: # Ma_ln
if mot datafi].isalnum():

datafi] = © * #

else:

d f datafil = dakta[i].lower{} read_file(sys.argV[l] )
ef scan(): filter normalize ()

Scans data for words, filling the global wvariable w _

s scan ()

global data
glebal words rem_stop_words ( )

data_str = .Jjoin(data)

words = words + data str.split() frequenCieS ()
def rem stop words(): sort ()

F - open(”.. /stop words.txt"®)
atop words = f.read(}.split(’,”")
E.close() .
# sdd single-letter words for tf in word fregs[0:25]:
stop words.exktend({li=t (string.ascii lowercase)) , - y y
indeces = [] —_—
for i in range (len(words)): prlnt tf[o] ’ ’ tf[l]
if words[i) imn stop words:
indeces.append{i)}
for i in reversed|indeces):
words.popii)




Style #3 Main Characteristics

Procedural abstractions
maybe input, no output
Shared state

Commands
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STYLE #4



WoT

return word_

def

def

rms a CopyY WLLCO

def

def

def fregu




impert sys, re, operator, string EG for w in word lista:
B if w in word fregs:
# T word fregs[w] += 1

¢ # The functions

def read file(path): |
akes a path to 5_..:.;5 and E-:TJ"".IE the entire def SO]ft (WOrd freqS) .

contents of the file as a SCrIng

return ... |- !

. & - |

. i nrrn o ¥ oE i g T
f = open '.:u.-_J' to File) d 2 list of ps where the e
sorted by freguency

return return ... eg.iteritems(), key-operator.itemgetter

77777777777 =)

def filter (str data):

laxes a STring and CetUrns a Copy witn dix nonalphanumeric #
-:I':a.."" replaced by white space

return ... sl # Main
_ b, BEr data)
#

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

' def normallze(str_data):
- T returns a copy with all chars in lower case

return

idef scan (str data) : for tflln wfregs[0:25]:
raKxes a8 Scrling ana ECETS Ior woras, reclrning p]fll’lt tf [O] ’ ' —_ v , tf [1]

return

smuumen mra:_uacasapa it ()

er{)

' def rem _stop words(wordl)

Takes a list of words and returns a copy with all stop
words removed

wan

f = open{®../stop words.txt’]

stop words = f.read().split(",")
f. _1:-_-,=|'|

o words
return . .. ist{string.ascii lowercase))

word_list if met w im stop words])

| def frequencies (wordl) :

idages 3 11SC Of WOIOS 3ang recurns 3 Oicrcionary asscociating
words with freguencies of occurrence
nan

ward_fregs - [}



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



operator, SLring

ro_op)

(), Key=operator.

def nc opis

C (a, Func):

return a

T m3in runcil

i ring
({w for w in word




: import sys, re, operator, string
word _fregs = {}

a # B for w in word list:
+ # The functions B if w in word fregs:
= # B4 word fregsfw] += 1

B BE alsa:
- def read file(path, func): ce word freqa[w] =1
B — BT raturn func |(word fregs, no op)

L] L] L]
o def sort (word freg, func):
' an mmwmw
return func(.., normalize) : A _ —— L .
Takes a dictionary of words and their freguencies
and returns a list of pairs where the entries are
sorted by freguency

B4 L

; . 8E return func {zorted(word freq.iteritems({), key=operator.
def fllter_CharS (data, fUl’lC) ° itemgetter (1), rcewerse=True}, MNone)

¢ - def no opia, func):

return func (.., scan) - e
“ def normalize (data, func): # Main

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

return func (.., remove stops) filter chars)

;?def scan (data, func):

for tf in w fregs[0:25]:
print tf£[0], ' - ', tf[1]

g return func (.., frequencies)

+ def remove stops(data, func):

return func(.., sort)

aaaaa

.|-. daf frequencies|

Etc e d:C‘I’.:C.’]E:'_'r" aggociaring

e

Takes a lis

words with
e

t
L




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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STYLE #6



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

[Te]

ercasa))

def info(=elf):
return self.

. _mame__ + ": No major data

class Dat ageManager {TFExercise) : class Hcrd?requan:yﬁaﬂa:er TFExercise):
. s the contents of the file """ 84 rrr Keeps the word freguency data """
.

data =

_da 66 word_freqs = [}
def  dinit (s t

bz 7 def sortediself):
recurn Enrtedlsalf._

phanumeric itemgetter(l)

v

pattern = re.compile(
self. data = pattern.s

def normalize(self): = ©lag8 WordFreguencyController (TFExercise) :
wow 3 def i 1

{self

grage_
op word m
rd freg m

Jdower ()

w8
]
=)
i
Y

e i

class Sto

mww

WordFreguencyController{sys.argv[1]).cun{)




1 import =ys, re, operator,
» from abc import ABCMeta

L)
(n
H
!
o
i

B
s # The classes

class TFExercise () :

def info(self):

structure”

+ ": No major data

class

_data =

def init (=self,

DataStorageManager (TFExercise) :

rr

path_to fFile):

self. data = f.read|
f.cl

elf. filter chars|
1f.. normalize{)

_ filter chars(self):

e

Takes a string and returns a copy with all nonalphanumeric
chars

replaced by white space

e

re.compile (" [\W_]+")

pattern.subt{” *, self. data)

pattern =
self. data =

def normalize(self):
e
Takes a string and returns a copy with -all characters in
lower case

self. data =

def words (self) :

lizt words in storage

self. data.lower|()

Returns the

mwmw

data str = **.join{self. data)

: def info(self):

i5 return s=1f. class . name_  +

": My major data

class StopWordManager (TFExercise) :

iH mer Models the stop word filter """

- S =
1o _stop words = []

= gpan |’ ../stop words.txt’)
elf. stop words = f.read().split{*;"}
.close ()

rords

add single-letter w

def is stop word(self, word):

return word in self. stop words

def info(self):

i + ": My major data

G

e

structure is a " + zelf. stop words. class . name

class WordFregManager (TFExercise) :

ward Ffromc = L1

def inc count (self, word):

e —

8 self. word fregz[word] += 1
alse:

o1 £

def sorted(self):

USRS, - 1 - . - § IS

wnrd Ffromoluard ==}

key=operator.

itemgetter(l),

def info(self):

" 4+ zelf. word fregs.

T

reverse=True)

+ ™: My major data

structure is a glass_ .. name_

class WordFregController (TFExercise) :

daf _ init (self, path to_file):
self. storage _manager = DataStorageManager (path to file)
self. stop word manager = StopWordManager ()
zelf. word freg manager = WordFreguencyManager ()

;1 def run(self):

7 rr.words |}
i1 OWUL SELI. SLOp wora manager.is stop word(w):

self. word freg manager.lncrement_count (w}
word fregs = self. word freg manager.sorted()

for tf in word fregs[0:25];:
print t£[6}, = —*; £Ef1]

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

daf  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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Things, things and more things!
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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STYLE #7



import =ys, re, operator, string

Functions for map reduce

il
5
s}
=
=
EL
1]
r+
i
ta
r
L]
[T}
o
=1
0

Py

; len{lines}, nlines):

a
2 for 1 in xrange |
f nes]}

vield *

\n'.join{lines|i

s def split wordsidata str):

.
7 Takes & string, filters non alphanumeric characters,
normalizes to
lower case, scans for words, A
It returns a list of pairs in th

copy with all

= re.compile | [\W_]1+")
return pattern.sub{" *,

ze (str_data):

3 Takes a string and returns a copy with a
lower cas

def remove =stop words (wo

r
f = open("../stop _words.txt’

: stop words = f.read{).split(",")
f.close ()

# add single-letter words

stop words.extend{list |
return [w for w in word

work of splitting the input into words

1

ds = _remove_stop words(_ scan(_normalize( filter chars|
data_str))})

for w in words:

result.append((w, 1

return result

equencyly «.<],

he reported occ

dict ((k, v} for k, v in pairs list_1})
s Yagk 2

in mapping:

=
# Auxiliary functions
#

5

th &
contents of the

mrw

Takes a pa

f = openipath_to file)
data = f.read()
f.close(

return data

def sort (word freg):

mrw

f words and their freguenci
ion of pairs where the e

sorted[word freq, key=operator.itemgetter(l), rewverse=

rds, partition{read file(sys.argv[1l]}, 200}}

splits = map(split_w d
t E

splits.insert (0, []) # Normalize input to reduce
word fregs = sort{reduce {count_words, splits)}



import sys, re, operator, string
¥
i # Fonctions for map reduce
#
g @of partition{data str, nlines}):
ww
Generator function that partitions the input data str (a big
string)
into chunks of nlines.
P
lines = data str.split{"\n")
for i in xrange (J; len{lines}, nlines):
yiaeld "\n'.join{lines{izi+nlines]}
1
= def split wordsi{data str):

string, filters non alphanumeric characters,
normalizes to

OwWer CadSe,
-
[

Takes &

scans £ and filters the stop words.
o

1} each word in

words,

1 ar
I f pairs (word, one for the

returns a list
input, 5o
1), {(wZ; fwn; 1}]

[ Wi, P if; DR

def filter chars(str_data}:

mwmw

Takes a string and returns a copy with all nonzlphanumeric
chars

replaced by white space

o

pattern = re.compile (|’ [\W_]+")
return pattern.sub{" *, str data)

def normalire (str data):

Takes a string and returns a copy with all characters in
lower casze
e

return str_data.lower () # Maj_r]_
_scan(str_data): Splits =

o
Takes a string and sca:
g Iist of wards.

mwmw

return str data.split ()

splits.insert (0,
remove stop words {(worc Word freqs ==
= ppen(’../stop word: -

op words = f.read().:

.close {}

# add single-lette
stop words.extend{list |
return [w for w in worc

[Ee R |
i

Ir wWol

print tf[0],

[1)

v

# The actual work of splitting the input into words
result = []
words = _remove atop words(_ scan(_normalize( filter chars|

data str)})})
for w in words:
result.append((w, 1)}
return result

count_ words (pairs list 1, paira list 2):

mrw
Takes a tweo lists of pairs of the form
Diwl, I}, wwud

d retur i i) LT I E H |
and returns a of pairs [ (wl, equencyly; «.-J],

list fr
where freguency 1z the sum of all the reported occurrences
mapping = dict ({k, v) for k, v in pairs list 1)
for p in pairs list 2:
if p[0] im mapping:
mapping[p[0]] += pl1]
alsea:

mapping[p[0]] = 1

return mapping.items ()

2
# Auxiliary functions
=

#

sort (reduce (count words,

read_file (path to file):

wen

Takes a path to a file and returns the entire
contents of the file a5 a string

T
F =

data =

open(path to file)
f.read()
f.clozse()

map (split words,
partition (read_file (sys.argv[l] ) ’

200))

splits))

for tf i1n word fregs[0:25]:

tf[1]



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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STYLE #8



iword_id,

connection. commit ()

repiaced Oy wnite

wrmw

pattern
return

1]

ring.asacii_lowe
list if mot w in =




# 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; sglite3 o s 2
B # Now let's add data to the database

& Add the darmmant it=salf +a +he Adatabhasa

def create db schema (connection) :
c = connection.cursor ()
c.execute (""'CREATE TABLE documents (i1d prIMARY KEY AUTOINCREMENT, Name) '':
c.execute ('''CREATE TABLE words (id, doc 1id, wvalue)'''")
c.execute ('''CREATE TABLE characters(id, word id, value)''')
connection.commit ()
c.close ()

T GEL _Tead [ilie|Pacn o _Ciie): # Add the characters to the database
ww : =
char_id = [
Takes a path to a file and returns the entire contents of & for char in w:
the BB c.execute {"INSERT INTO charackers WALUES (2, ?; 7)™, |
file as a string char_id, word id; char))
e ke !
char_id += 1
£ = open(path_to file) 7 word id += 1
data = f.read() ] connection. commit ()
74 f.close () T3 c.close ()

return data

def filter chars and normalize {str data): v # The main function
o
2 3
Takes a string and returns a copy with all nonalphanumeric connection = sglite3.connackt (f rmemory:’)
chars & create_db schema (connecticn)
replaced by white space, and all characters lower—cased 7o load file into database {sys.argv[1l], connection)
wm
pattern = re.compile(’ [\W_]+") 81 # Now, let”s guery
return pattern.sub{' ', str_.data).lower/() g2 © = connection.cursor()
c.execute ("SELECT value, COUNT(+} as C FRCM words GROUP BY wvalue
def =canistr data): ORDER BY { DESC™)
= x e . % o e EENE N
PR Takes a string and scans for words, returning a list s4 for i im range (25):

of worda. "e® BS row = c.fetchone ()

return str data.split ()} L if row != Wone: :
print row[8] + " = * # strirow[l])
def remove stop words{word list):
= ppen |’ ../ stop_words. Ext")
op words = f.read{).split(","}

u connection.close ()

S
it

.close ()

# add single-letter words

stop words.extend(lizt (string.ascii_lowercase))
return [w for w in word list if not w in stop words]

| # The actwal work of splitting the input into words
words = _remove_ stop words| _scan( filter chars and normalize(

_read_file (path to_£ile)l}})




1 import : tri Tited s
s AL TRL LRANLE Sies I 0] # Now let's add data to the database

2 Add t+hae docsomant it=alf +n the Adatashasa

# 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 (id) FROM words")
row = c.fetchone ()
word i1d = row[O0O]
if word id == None:
word 1id = 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 ()



Style #8 Main Characteristics

Entities and relations between them
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0.008 V096
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