Data Structures Lecture 15 Name:
1. The Map/Dictionary abstract data type (ADT) stores key-value pairs. The key is used to ook up the data value.

Method call Class Name Description
d = ListDict() __init__ (self) Constructs an empty dictionary
d["Name”] = “Bob” __setitem  (self, key,value) Inserts a key-value entry if key does not exist or
replaces the old value with value if key exists.
temp = d{“Name”} __getitem__ (self, key) Given a xey return it value or None if key is not
in the dictionary
del d{"Name”} __delitem  (self, key) Removes the entry associated with key
if "Name” in dipyo(e [__contains_ ({self,key) Return True if key is in the dictionary; return
el PN ) ralse otherwise
jq for k in dy === __iter_ (self) Tterates over the keys in the dictionary
([ Tenta@y ~ ) __len  (self) Returns the number of items in the dictionary
str (d) _str_ {sell) Returns a string representation of the dictionary
¢ v, fcu.ﬂ).,§ LA ’(
ListDict class Entrylobject):
object Python list b]ec "R key/value pair. "

def init  (self, key, value):
self. key = key
self. value = value

def getKey{self):
return self. key

def getValue(self):
return self._value

def setValue(seif, newValue):
self. value = newValue

def eq  ({self, other):
if not isinstance{other, Entry}:
return False

from entry import Entry

_ return self, key == other. key
class ListDict{object):
wuepistionary implemented with a Python list.”™” def itr (Setf} £ xey) . (self. value)
return stri{sel ey) + ":" + str(se ~value

def init (self):
selt. table = [1

a) Complete the code for the _ contains__ method.

def getitem (self, Kkey}: —" T

minpeturns the value associated with key ox def .contains {self, key):

returns None if key does not exist.™"" — N

entry = Entry{key, None) A )
try: # NOTE: Python list index method QV\+V\/ - rﬁ‘l"l;l"y (kﬁy oL

# errors on unsuccessful search

index = self._ table.index(entry) +TY ‘ é Jﬁ,

return self. tablelindey].getValue() v — SelF +ﬁ ‘h\ X eﬂ"ry
except: ’ QK

return None D C!"\ ) "‘ke—h/;ﬁy\ PTV‘VQI

def delitem__({self, key): a)((/ ‘*f““
Winpenoves the entry associated with key.""" / F lg@
entry = Entry(key, None} A -
try: # NOTE:.Python 1list index method '(\efl'(//‘l/\
# errors on unsuccessful search
index = self._ table.index(entry) b) Complete the code forthe _ setitem  method.
self, table.pop (index)
excegzéum def _ setitem _(self, key, value}:
: tey, =
def _ str  (self): kA y - Eﬂv{l"l/C (’fk ‘f@ wch)
WHrRaturns string repr. of the dictionary™™" + »‘ﬁ’l‘ ™
resultStr = "{" ’P(J I 4] Yy A (
for item in self. table: e / ’I\ Q»Q, p"""{,&é € 4
resultStr = resuitStr + " " + str{item) ‘EP e
return resultStr + * }* ! AG\ F e en-"f »Jﬁ Z A1 f

def _ iter (self): '(_/\_,""l A(‘IW,LGI"( 5&-{ M? «5 (VQ l RQ)

Wielterates over keys of the dictionary"""

o ey Jsel], A I </;Jaa£ eat «jv?

rorgise=Stepkieraglall™""7 -
. £
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2. Dictionary implementation using hashing with chaining -- an UnorderedList object at each slot in the hash table.

from entry import Entry
From unordered linked list import Unorderedhist

class ChainingDict(chject}:
"mrpictionary implemented using hashing with chaining.

def init_ (self, capacity = 8}:
self. capacity = capacity
self. table = []
for index in range({self. capacity):
self. table.append{UnorderedList())
self. size = 0
self, index = None

def _ contains_ ({self, key):
"'ipeturns True if key is in the dictionary or
False othexwise,"™"
self. index = abs{hash{key)} % self. capacity
entry = Entry{key, Hone)

return self. table{self. index}.search{entry)

def _ getitem (self, key):
"rpeturns the value associated with key or
returns Mone if key does not exist."""
if key in self:
entry = Entry{key, None)
entry = self. table[self._index].remove (entry}
self. table(self. index].add({entry}
return entry.getValue ()
else:
return None

def  delitem _ {self, key}:
"mrpemoves the entry asscciated with key.
if key in self:
entry = Entry{key, Ncne)
entry = self, table[self. index].remove {entry)
self, size -= 1

def _ setitem {self, key, value}:

"ruInserts an entry with key/value if key

does not exist or replaces the existing value

with value if key exists.”™"

entry = Entry(key, value)

if key in self:
entry = self._table[self._ index].remove (entry)
aentry.setValue (value)

else:
self. size += 1
self. table(self. index].add(entry)

def  len_ {self):
return self._ size

def str (self):
result = "HashDict: capacity = " + \

strilen(self) / self. capacity)
for i in range(seif. capacity):
result += "\nRow " + str(i)+":
return resuit

def iter_ (selif):
"Mifterates over the keys of the dictionary™®”

Do mylick j o self "ﬁfwé[e,:
For eatey . apli:
y;@lﬁ Qv"f’}"ﬁ“y« ?e{é‘g}/()

wHE

str{self. capacity) + ", load factor = " + \

"+str(self, table(i]}

12X ChainingDict Object

_capacity [ 8 |

1 B

2 TP == T3 L4
3

4 e T = o I W

5 e I |
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7 S e i e o B = - I P

a) In__getitem , whyisthe-
entry = Entry(key, None) object created?

S50 We (an Com‘,@gwe ,\+
+o the Em‘f"y}, .QZDJQ/I
i +he ‘Umw@gﬁf’ {esd.

/

b) In  getitem , where does self. index
receive its value?

o 7 \ <
I l’yQ t)t l<¢y {7 Sé(p;f
allg ZM. e Contadrs _
Methol o <ot celf _ inLey

¢) What single modification was needed to
~
the Unorderedlist‘s remove method?

jj !’VMQ Yemeloe Wff[‘urw

i R S iy

and vorope +he e,

d) Compiete the iter  method.
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1. The Dictionary implementation using open-address hashing was the OpenAddrHashDict classin lab7. zip.

from entry import Entry

class OpenAddrHashbict (object):
EMETY = None # class variables shared by all objects of the class

DELETED = True

def _ init_ (self, capacity = 8, hashFunction = hash,
lipear = True}:
self. table = [OpenAddrHashpict.EMPTY] * capacity
self, size = 0
self._hash = hashFunction
self. nomeIndex = -1
self. actualindex = -1
self. linear = linear
self, probeCount = 0

def _ getitem (self, key):
THupeturns the value associated with key or
returns None if key does not exist, """
if key in self:
return self. table(self._actualIndez].getValue(}
else:
return MNone

def  delitem_ ({(self, key):
TirRemoves the entry assocliated with key.
if key in self:
self. table[self._actuallndex] = OpenAddrHashDict.DELETED
self, size -= 1

min

def  setitem (self, key, value}:

"Tninserts an entry with key/value if key does not exist or
replaces the existing value with value if key exists."™"

entry = Entry{key, value)

if key in self:
self._table[self.iactualIndex]

else:
self. table(self. actuallIndex] = entry
self, size += 1

entry

def contains_ {(self, key):
"rpeturn True if key is in the dictionary; return False otherwise"""
entry = Entry{key, None)
self.,_prchbeCount = 0
# Get the home index :
self, homelndex = abs{self, hash(key)) % len(self. table}
rehashattempt = 0
index = self._homeIndex

# Stop searching when an empty cell is encountered
while rehashAttempt < len(self._ table):
self. probeCount += 1
if self. table[index] == OpenAddrHashDict.EMPTY:
self. actuallindex = index
return False # An empty cell is found, sc key not found
elif self. table{index] == entry:
self. actuallndex = index
return True

¥ Calculate the index and wrap around to first position if necessary
rehashAftempt += 1
if self. linear:

index = ({(self._ homelIndex + rehashAttempt) % len{self. table)
else: # Quadratic probing

return False # tried all the sicts in the hash table and did not find key

def _ len (self):
return self. size

def str (self):
resultstr = "{"
for item in self._table;
if not item in {OpenAddrHashDict.EMPTY, OpenAddrHashDict.DELETED) :
resultStr = resultStr + " " + str{item)
return resultStr + " )¢

def  iter (self):
n"firTEerates over the keys of the dictionary

index = (self. homeIndex + ({(rehashAttempt ** 2+ rehashAttempt) /7 2y % len{self.

_tabie)

a) Complete the  iter method.
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