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

Method call Class Name Description

d = ListDict{) __init__ (seif) Constructs an empty dictionary

d["Name"] = “Bob” —_setitem__(self, key,value) Inserts a key-value enfry if key does not exist or
replaces the old value with value if key exists.

temp = d[”Name"”] __getitem_ {self, key) Given a key return it value of None if key is not
in the dictionary

del d("Name”) . delitem (seif,key) Removes the entry associated with key

it "Name” in di 1. | _contains_ ({self, key) Retuin True if key i8 in the dictionary; return

4 A Falsge otherwise

For k-in K ) __iter_ (self) Iterates over the keys in the dictionary

Ten(d) en__{self) Returns the number of items in the dictionary

stx{d) tr_ (self) Retutns a string representation of the dictionary

ListDict clags Entry{object):

object Python list object *rtA key/value pair,""

daf _init_ {self, key, value}:
gelf. key = key

gelf, value = valus

fxom entry import Entry

class Listblet {object):
nurpigkionary impilemented with .'U“Pythiﬁ\ 1i£3t I

def

def

defl

def

def

_iniy

N g\ta eﬁ} .\u’\",;

5007

__getitem_ {self, keyl: \f\

AnrRaturns the value assqeiated kth key or
returng None if key doegjnot exiet, "¢
entry = Entry(key, Nonek-

Ery:

{self}):
self, table = []

Index = self. table.indoxientry)
raturn self, tablelindex] ,gebivalue()

except: Ao e Pt T

ratburn None

__delitem__(salf, koy}:
thiRemoves the entry associabad with kay. "e®
entxy = Entry(key, NOB&)...-—= Pt 252
cry: # Norei python list index mekthod
< # exrors on unsuccassful search‘#__
inde Y Eas s TRASE (EnEtyT™
self, table pop {index)

exceph:
return

_atr _ {selfh
WinReturns string repr.- of the dictionary'
resultStr = "{*
for item in self._table:
resultStr = rasultStr + " " 3+ ghr{item)
return resultBtr # " ¥

__iter ({self}:
wniiterates over Xeys of the dictlionary''®
for item in melf, table:
yield Lltem.getKev({)
ralse StopIterxation

daf getKeyiself);
rebturn sslf,_key
ef getValue{self),
rekturn self, value
a&
)‘ geltValue{self, newValuel:
i’L\ self._valua = newValue
de£ _eq _ (self, othex}:
if not isinstance(other, Entry):
- raturn False .
ol -~ return self,_key == other. kay
cf s’ gef _ sty {aself)
P }I return sty (self, key) + ":" + str{self. value}
o

a) Complete the code for the _ contains__method,

def containg  (self, key):
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b) Complete ihe code fm the " se titem_ﬁ
{self, key, value):

method.

def _ setitem
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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 Unorderedbist

¢clags ChainingDict (object}:
wenpictionary implemented using hashing with chaining. """

def

def

def

def

def

def

def

def

_init_ (gelf, capacity = 8}:

self. capacity = capacity

pelf, table = [}

for index in range{self. capacity):
self, table.append(Unorderedbist{))

self. size = ¢

self. index = None

__contains__ {self, key):

snoReturng True if key is in the dicticnary or
False otherwise."""

self._index = abs{hash{key}) % self._ capacity
entry = Entry(key, None}

return self, tablelself. index].search{entry)

_ getitem {self, key):
nnnpeturns the value assoclated with key or
returns None if key does not exist.mn™!
if key in self:
entry = Entry{key, None}
entry = self. table[self. index].remove{entry)
gelf._table[self._index] .add({entry)
return entry.getValue(}
else:
return None

_ delitem__ {self, key):

nenpemoves the entry associated with key."""

if key in self;
entry = Entrylkey, None)
entry = self. table([self._index).remove({entry}
gelf, size -= 1

_ setitem_ (self, key, value}:

"nnIngserts an entry with key/value if key

does not exist or replaces the existing value

with value if key exigts,""v

entry = Entryikey, value)

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

elge:

self, size += 1
self. table[self, index].add{entry}

__len (self}:
return self, size

_ str_ {self}:
result = "HashDict: capacity = " + \
str(self. capacity) + ", load factor = " + \
str{len{self} [/ self._ capacity}
for i in rangei{self. capacity}:
result += "\nRow " + str{i}+":
return result

_iter {self):
nenTterates over the keys of the dictionary"'*

for M\;LFSJV in S&"‘P _,.WLaUQ,:
for eatey in mylich]
Vield em#wy,ge%k’ey()

Vaise 5'%"{3 Thesstion

ChainingDict Object
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a) In__ getitem_ _, whyisthe
entry = Entry{key, None) object created?
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b) In__ getitem_ _, where does self. Zindex
receive its value?
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¢) What single modification was needed to
the UnorderedList®s remove method?
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d) Complete the _ iter _ method.
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1. The Dictionary implefnentatioh using open-address hashing was the OpenAddrHashDict class in 1ab7. zip.

from entry import Entry

class OpenAddrHashDict (object) :
EMPTY = None # class variables shared by all cbjects of the class

DELETED = True

def _ init {self, capacity = 8, hashFunction = hash,
linear = Txue):
self. table = [OpenAddrHashDict.EMPTY] * capacity
self, size = 0
self. hash = hashFunction
self. homeIndex = -1
self. actualIndex = -1
self. linear = linear
self, probesCount = ¢

def _ getitem  {self, key):
surpeturngs the value associated with key or
returns None if key does not exist,”""
if key in self;
return self. tablefself._actualIndex] .getValue{)
elas:
return None

def delitem (self, key):
"#rRemoves the entry associated with key.t'r
if key in self:
gself. table[self. actual:ndex} = OpenhddrHashbict ,DELETED
gelf. size -=1

def _ setitem__{self, key, value):
"rrIngertg an entry with key/value if key does not exist or
replaces the existing value with value if key exisgts, "
entry = Entry{key, value)
if key in self:
salf, table(self. actualIndex] = entry
elge:
gself. table{self._actualIndex] = entry
self. gize += 1

def _ contains  (self, key}:
WirReturn True if key is in the dictionary; return False otherwige"""
entry = Entry(key, None)
self, probeCount = 0
# det the home index
gelf, homeIndex = abs(self. hash{key)) % len{self. table)
rehashAttempt = 0
index = self._homeIndex

# Stop searching when an empty cell is encountered
while rehashittempt < len{self. table}:
self . probelount += 1
if self. table[index] == CpenAddrHashDict.EMPTY:
self. actualIndex = index
raeturn False # An empty cell is found, so key not found
elif self. tablelindex] == entry:
self, actualIndex = index
return True
# Calculate the index and wrap around to firat position 1f necessary
rehashAttempt += 1 L

if self, linear:
index = {(self, homeIndex + rehashAttempt) % len{self._table)

else: # Quadratic probing
index = (self. homeIndex + (rehashAtbempt ** 2+ rehashAttempt) // 2} % len(self._ table}

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

def _ len ({self}:
return self._size
def _ str (self):
resuleStr = &{" .
for item in self. table:
if not item in ({(OpenAddrHashDict.EMPTY,OpenAddrHashbDict .DELETED) :
resultStr = resultStr + * " + str{item)
return resultStr + * }°
def _ iter (self):
"ikTterates over the keys of the dictionary""r

For dem ta self, !*g“é:
|{\ ljlv‘t{‘%ﬁqfe (Mfem En (a )/) a) Complete the  iter  method.
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