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At how many different indices can the third largest
element in a Max Heap with 7 elements be located?
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Today's Learning Outcomes

79. Describe the operations of the Set and Map ADTs.
80. Write programs utilizing Sets and Maps.

81. Compare the efficiency of Set implementations backed by arrays,
sorted arrays, and (balanced) binary search trees.

82. Use functional interfaces to implement operations on data
structures.
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The Set<T> ADT

A ser 14 an unordered collection of distinet elemeats
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there it should Fail.
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Approach 1: Compose with List

add (), Place elem at M convenient" ead of list

O(l)? No! Need 4o check if elem oglready  there

find () ‘llelper method Per-raf‘Ms Yuis O(n) Scon

cemove () and  coatains () also  yse Find () and cun in O(N)
Fime

size () and iterator () dele]o*c to tistl O(1)

}',OW Cav JJe 4100;3 OCN) SC‘-\'I? Orclcf ‘H"C ele/he 41-5.
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Approach 2: Compose with sorted ArraylList

* Requires elements to be  Comparable (00h... generic type

: : bowad
'F;'\J() becomu 0(,0‘7N) vpbc"'j a ‘o:’lql‘y seaqrch 0% )

conjains() - Ol \oJN)

add (), St O(N) becawse of Memory suiff

fe""o\’C()', Sf.‘" Q(N) beLQHse of Nemaly owff

size () and iterator () dele]a*c to list: O(1)
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A colleague claims that they can reduce the
runtime of add () and remove () by using a
sorted (doubly) linked chain, since splicing
nodes in and out is an O(1) operation.

Is this colleague correct?

Bi’qu-? seacch doesn't worlf T - laked list be¢svse
W € \OSe raaéom a(cess jwq(‘qqfce’_.

O(N) linear Scan S oP{-:Mql.

Yes (A) No @



Approach 3: Compose with a BST

The BST  order cavariant males £ind () (qs well

a5 addl), removel), and tontains()) an O (M)

0Pef‘4+:04- "\, \46"‘7‘1"

Jabalaaced BST: O(H)= OCN)) s0o wno Yeqefit over list

Self- balwc:«\? B5T. O(H)= O[lajN)l viis  becomes begt
/‘ Set implementation  (so0 Far..)
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Additional Set Operations: Union

The wnion of two ets S aad T s t\e
5et (.o’\h'm‘mj al)l  eleneats et belews  to
gither 5 o T (o(‘ 190{'")).
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2 Coding Demo: Two Union Definitions &
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Additional Set Operations: Restriction

A J';Drec\;c‘l"c- mﬂPS edch elgment of a 'L/Pe, Yo a
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Java \WQs PredicatesT? functional
boolean test (T elem)
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elements common to both sets.

The intersection of two sets is the set containing all

What lambda expression can we pass into restrict() to

complete this intersection() definition?

r

public Set<T> restrict(Predicate<T> pred) { ... }

public Set<T> intersection(Set<T> other) {

}

L

return restrict(x —> other. containg(x) ); syntay

of Special method cefereace

other ! coatqing




Maps

Unocrdered collec +ions of (552’/ valwe) pairs called
eatries.

[Each Key IS ossociated witw  owe wvalue.

( Py thon's dictionary hpc i$ o /V)q'o>

Whea e use a  Map, de +~1P;culr searcs €, tue
entry with a given  Key so ve  cay obtain  +ve
associated valve

Jord iy d.‘c‘l‘io-ﬂqr},

gtwdent ID

- look vp definition of

~ looUk vp 3ques “”“J
- look “p Nutrition info 3.’vev, ‘FooJ nam e
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Choosing Keys and Values

V(£75 and valueg play different roles a1 a Map
Keys Values
~ uyed for looKup — sfore Jlots of dete about
we
(.530[:‘430‘? Jue .Sffuc'l'w’C) 7 '
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The Map<K,V> ADT

Generic o4 looth I/(e7 +Yfe K gad voalug -}.,fe \V

Modi€5inq Entrics,
g Enbriess .
Void F\,ﬂ- ( K ucyl \] valwe

ovecurides old valge
nssocisfed Wity Ke)'

=V  remove (K Key)

Qwer\,:n‘j] _V 363'[1'( Key)
~ boolean Coataing Key (K Key)
_ int sizel()

Lterating. SetdK>  WKey Setr()
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Practice with Map Operations

Given a Map associating the names of famous scientists (String) with their birthdays
(LocalDate), write a method to print the scientists with the same birthday as you.

( )
Map
put(K key, V value): void void sharesBDay (Map<String, LocalDate> map, LocalDate bday) {
containsKey(K key): boolean for ( 5+r:nj sci « map. Key Sc-l-()) E
get(K key): V Local Date d = map. get (sci);
remove(K key): V i‘r‘(*) { 5751cm.0wf- P“M“l” (sci) ) §
keySet(): Set<kK> ;
size(): int \} )

d.getMonth() == bday.getMonth && d.getDayOfMonth() == bday.getDayOfMonth()
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2 Coding Demo: ImplementingMaps &

L. Ke Se{-J but ith on¢é level of iadirection
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Dynamic Priority Queues

—SONCH”‘eS, we wnﬂf— o u.Pdsl'e fve Pr:ar:'}y of on
elewear while iF s im a  prierily  queve
Ex. T« DidUstras algorithm  (Lec 23) to wpdite  best
Kwnov  wnode distance  upon path d‘SCoJcry

'Heqf:s (alone) Jon't 9ive 14 j°°4 Sy te do tuig
since  Searcuiag  for av eatry 11 heap i3 inefficient

Ideﬁl'. \,56 a /V\o,p }o 4$co0c:ale Qljcl') Pf‘:at‘ﬂy 9 uent
entry vith  its  ieap index,

For a 9003 Mnp imple meatation (Lec 200 this gives us
an efficient way bo quHe Pr:or.'h'es (/-\g)
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Have a Nice
(@ Spring Break!!!

2110/




