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Implementing Sets

In Our Last Episode . ..

+ I meviewnd the ks ol mathemalical scb theory and usoss that
Iheory todesign the interfzce Tor a goneml sat class.

+ Im the first Pive minutes oF 50 of ioday's dam, | will deselop
an impdemeniztion of the sse class based on the gencric agT
olass we Buill last Wik,

= For the rest of the day, 1 will Galk aboul eplimiztions fo that
implemeniation alkong with some general simricgics aboul how
Iz make implemeniztions 25 cHicienl 2z poesible.

Contents of the set.h Interface
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The Easy Implementation

= A% is o oolten thie case, the casy Wy 1o implement the st
olass ks o bsild ik oul of data siruciuers hat you Jeeady havse:.
I Hhis: cosae, 1 makon SCnss o build Swic o lon of B Eee olass.

= Thi privaic seclion hooks iz this:

The setimpl . cpp IMplementation
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The setimpl . cpp IMmplementation
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= wrw aieclaw de amrermrs. mEmas Em osas s aresae s sl awor
= sa appEspriasn .
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Initial Versions Should Be Simple

Premabre pime o @ Fewioot =fal mal
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* YWihiom you ¢ dovelopdng an implomentalion of a public
inloriaoe, i ks wsually besk—ak keast as a firsl cul—£&o wrke the
simpiesl possibic oode thal satisties the roQuiremonls of e
inkeriane,

= This 2pproach has sevoral advanlages:
- Wouan gl the package oul ko clemis rmasch mone quickly.
- Simgle implemantabions ore much eesior bo gl right
- oui oo waon L haee oy o el oplimizatiore ane nesded
unki |y herse asparieniial dafs from olicls of thal inlerfaoe. In
frms ol mvirall afficiency, soime optimi mfiors arg much Mo
imiparriant fan clhers




Optimizing the Binary Search Tree

IT you code the: sat implcmonialion using the simple ® ket gar
dao 2ll thio work ™ stratogy, if will probably nol b surprising b
diszosser thal ihe noccssary opfimizations are in e ney ol
itsr=H.

In class lasd Frlu-::.-. | didn’t go through one ol the masl
imporiant lopics in e discession of bimry search irecs: the
guestion of whother a trec is balancod. Einary scanch Groos
geliver Cxlog M) perormanoe only i the el and r_ﬁ
branches of cach nade 2re roughly comparable in height.

mde & | presented i in kechure does nothing 4o eresne that

property.

Lizawving this issue until 1oday mighl well mirror the discoseny
of such problems in the meal workd. The Rar class gobs far less
diredl e than the set class, = 0 s likely that perifomanios
prodloms woukd shive' up only when dients began using Sats.

A Question of Balance

Idead by, a birary scarch oo conlaining the names of Dhisney s
soven cwaryes wolld ook |ike bhis
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If, hoswseweer, ywou fappened 1o onter the names in alphabotical
ordar, this drec would end up being @ simpde linked list in
which all the leff subtrecs weore Wl and the right links
Tomed a simple chain,  Algorithms on that tres woukd run in
M) e instead of Of kg M) 1ime.

A brary =earch troe s bafarced i 1ho hoight of s keff and

right subbrees differ by al mosf one and iF both of those
subirees ane thomichves balanoed.

AVL Trees

The iext presents an algorithm designed by Geongii Adel’ son-
Wel'skii and Evgenii Landis for keoping 2 trees in balanoe.
Thal 2 gorithm iz based om operalions ol ied Fodsdisns il by
o keep & feee inbalanoe. For example, a simple ke nokalion
| o0 5 1 eE: e e

s L=

Exprcise: How would yvou wrile the kaestaladt funclion thal
perfomms this irarsfomation? What would the prolobype 7
What iz Iethout of Ehis diagram 1hat vous nesdl tohink aboul®

Sets and Efficiency

After oo release the sel paciage, you might discover thal
tlionks = them ofien for partioslar Bypes for which Ehene e
musch mane cificent data sineciuees than birary irees

One thing you could do easily is cheok to see whether the
ol omink Bype WS atrisg and then uss 3 Laxi-an insicss of a
binary search trec. The remslbing implemeniagion would b Tar
mede eficicnl. This change:, howevor, woulkd be valuabie onl
it clienls used Batcriring OfEn ough o make it w0
adding the complexiby.

One type of sois thal do dend b ocour in certain bypes ol
programming |5 satcckars, 'which comes up, for coomple, if

yoU want o spedity & scf of delimilor charscters 1o0r a scanner.
These zeis o be masde askondshingly eMicient 25 desoribed on

Aher meef Toaw slidees.

Character Sets

The key insight mocded fo make cfficien] charadter sois for,
oouivaliently. seis of small integers) is that o G repressnt
thic inclusion or exclesion of a dharacicr uﬂn-q 2 single bE. H
thic Bit = a 1, Ehen hat clormoend is incthe et it isab, {isnot
imithe scf.

Youn cam ol what characier value you're falking about by
|:r|:-=1|ni_;| Wil is essemlially an aresy ol bils, with one bil Tor
cach of the ASCH cotes. That aray is mlied 2 eharaeferfste
L

What makes this representabion so cificiont i that you mn

pack e hiEs Tor a charactoristic weohor imlo a small numbser of
words inside the maching and then operabe on the Bits in lango
chunks.

The efficioncy gain is enormous.  Using this ®rtegy. 2 good
oompdlor coukd perfiorm a seloperation in four instruch ons.

Bit Vectors and Character Sets

This pichune shows 3 charadorislic vedor represenlation for
tho el conizindng Ehe uppor- and Iowress ke
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Bitwise Operators

= W youn know youwr clienl is working with =eis of drarcicrs,

Lan implement the sel oporaboes cxiremely efticently by

sloring the set 25 an array of bits and then manipelating the
bits 2l at once wsing C++ 5 bitwiee operator:.

+ Thi bibwise oporators ane summarized in the Tollowing labic
and then describod in more dekail om the nexd few slides
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The Bitwise AND Operator

= The biterize aMD operfor (&) @kes teo inlcgor
optrands, xand p; and compuics a resull thal has
a | kit im cvery position in which both xand »
have | bils. A tzble for the & oporator appears ko |
e right.

« The primary application of the & oporalor is B0 selecl corlain
Eits im an inkeger, clearing the umeanbed G 1o 4, This
opiration s called madking.

= In the condest ol sofs, the & oporabor perfoms an intersedion
opcralion, 2= in the Tollowing caloslation of odd M squera:

o je)p=dfa) o] o ofjefopEfja)n) e ] pE) oeg opEg o) i
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The Bitwise OR Operator

4 ﬂnﬂhulu-ﬂumﬂmrrljhbrsb#nmﬁ{ a1
operands, @and ¥ and Compabes 3 resulk dhal
2 1 bit in vy posEion which cithir xor ¥ has a
I kit jer it both do), & shown imthe laieonthe 1) ]!
righl

= The primary use of e | operalor is 1o Esembde a single
inlcgey walue from othor walues, mch of which oconlaine 2
suberi of thedesined b

= Imi the confiost of sois, the | operalor perlorms a unkon, 25 in
ihe fiod ioaw ingl cal oulation of promea U aguerss:

2500000052302 090003038 3020000020
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The Exclusive OR Operator

= The exclusive &R or ©0R operalor (=) @kes o o
intcger operands, X and ¥, and computes 2 resullt Ll
fhat fas 2 1 Bdk i cveny pos o im which x and ¥
have differont bit valucs. 2 shown on the right. =

+ The 208 opergior has many 2pplictions in programming
st of whiich are besyond! the: soope of s et

= The fallkewing example Flips all the b in Ehe fighimos throe
b4ics of a wornd:
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The Bitwise NOT Operator

= The bitwisc w01 opergfor [~} 1zkes a singke operand x and
MelLms & vl e Bt has a 1 ahenower X has 20, and viop v

= Wiou can use the biteise B30 oporabor fo ocreafie a mask in
which you mark the b you wanl o elimingie 35 coposss i
the: ones yiou wank b preseree.

= Thi ~ operaior cregics he comsfoment of 2 =i, 2= shiown
& Eh the *olkewing Siagram ol ~ premes:

s 00C0E0E8 0500008033 S000000030
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The Shift Operators

+ Java delings three operalors that ke the eMot of shifling the
Bk ima word By 2 given number of Bt positione

= The espression x <« n shifis the bl in the inloger x lefward
A posHiore. Enmu-:.n-pwln;mim rigiht e Tilked wilhdls.

+ The capresskon i = 1t shifts B bk in the inlege  rightsand
A positions. Thie question & o whal biks ane st fiedl in en the
loft dofpond on whizlher X IS 2 Signed OF LNSignos Typs

= M2 & a soned Type, The o operabor parfonme what compuor
sCientiels call an ardfmsath sRAT in which e kading bt in e
ke of x never changes. This, i the et bR B a1, e 2=
aperator fillsn 4s; 'R isa O, S apeies ot 11 ked with Tk,

- H'F i5 ah i Pypa, the oo Opaior perioims & faQical sART
in which missng digie o akvirys Tilked with Os.




