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Sorting and Efficiency

sorting

= Of all the algorithmic probdeme that compulor soentisls haee
siudied, e one: with the broadest practical impaicl s Corlaindy

the sormimy probdem. which is the problom of 2rrenging tho
Homents of an amay oF 2 veilor inonder.

= Thi sorting prodicm comes up, Tor cxiamplc. in phaboizing
2 ldephone dircclory, amanging librry reocords by calalogue
Mumber, and ohganizing a ulk mailing by ZIF ode

= Thore are many 2lgorithms that one can use (o =i o army.
Ecrauen these algorithms wary cnomously im fheir eificioncy,
il is critical fo chooer 2 good gorithm, particulary it the
2pplization neods 1o work wEh lage amays.

The Selection sort Algorithm

= Of the many sorting algorithmes. the sicsl one bo doscribe is
sleation sort. which appears inthe it | ke his
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+ Coding this algorithm as a single funciion makos sense for

efficicncy but complicaics the analysis. The next teoe slides
dooomposs selertion sort into a sl of fundtions that make 1he

oporation casicr 1o Todlow.

Decomposition of the Sort Function

Decomposition of the Sort Function

| EAEEl E TAAEIFTLEES LR ASIPIEELET EFEr. R R o e e
" ElEE BN ElmEriee galled mlassiEs mrs. chiab gps @ oaaeriad
= ke mmmlawt s falleca.  miad gese win Rl L6 paies an sk
s Elemes e e vmraer ie omee . asarslies pE iedew L. e omsak

= wamy bu e apelme

= ke ramd otE GEILilaaE BlEmIEs A TE reEseE Drsaas yEe dafn

sand wmd she emd ad she rassar, wd pEiss s staEs alamaew
s panr ez tmead ekl

= U, mren shaE plames LoaE Lmd e aeisias iy smpsies

wn pramaeas irdiasmd by gee crwis asd e CEsa.
i

ekl s sl w oTen |
faw | dem Jh = @ 0 Ln s ven.siamgl o0 DRoo
em wh o= rosiesmllaenresa Db, rmowiawng) o= @0
wneny e [ ek
i

= oEEaEd R Pl la e
= rasnres nfm bedes el ke Emmilaes relse ds %t raasar Bresas
- amlaE pELeEE DR S e e SlaElRTE.

AwE r s L TR .k THE, ewn o pie desopdl
PLI W e TR TR TRt T
e | bem @ = @i o0 0 ko=l 0 ke |
Lf vaala] o van lesllassrsiae ] assllsaaredes = L
&
BT sl

- R N

= mEabiEmga sk Lewmmmr vosE pasand By rAadomeean.

Tuid amng o ien g m, d=aos 5 |
L mmmp = ome
=
§ = g

Simulating Selection Sort
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Efficiency of Selection Sort

= The primany question for ioday = how one might evaluabe the
eficiency of an algorithm suchi 35 soleotion sorl.

+ One sir ¥ 15 o measwre the 2aobsl Eimae (f Ekoes B run Jor
arrays of diffcreni sizes. In G4+, you can measere olapsos
timz by @iling e tioe funclion, which reburmes e ourmet
fime in millissoonds. Using this sirategy. howower, nequircs
SOMEC e

— The tims fureion is oflan s rough for soourks masanemant
H thamfone makes s D madaine vl nre iogether nd
e o i s e il e vy T inarmibecs oF repeal i s

- sl algorithms shive Some wariabil®y defending on the data
To aweid diskoribon, vou shodld mon seseral independen friak
with differant dobs and avisage Th resul .

- SomE messrements an lkaly io be wikdly off beroise e
compuler needs to run soms Background Esk Such dala poinks
must be discanded 35 ywou weork throsgh e analysis.




Measuring Sort Timings

The following table shows the avorage liming of the seleclion
sort dgorkhm aMor remaving outlying irials hat ditfor by more
than te sandard dewialions Trom the: mcan. The oxumn lkbced
a (the Grool |offer mu, which is the stancard stalisical sym=bal
For ihe mean) iS 3 reasonaldy gocd ostimate of running lime.
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Selection Sort Running Times

= Many algorithmes that oporabe on vockors have running times
hat are proparticnal foihe sioe of the armay. |8 pou mulliply
the mumber of valees By ien, you would expect those

algorithms bo Gke ken times 25 long.

= As the running times on the preceding slide W riss
make dear, the siuation for sciechion sort s oy o
wory ditferenl. Thie fable on the right shows |2 15
the average running time when selection sor is [0 &
applied fo 0, 104, 1000, and 10004 values. e

+ A5 a rough approvimalion—particulary as you work with
langer values of M—it appears that every ton-fold increase in
i Sizr of BN 2y MCans ot ekt iom sort takes about 100

kimes as kong.

Counting Operations

= Another way o cimale e unning e is 10 count how
many oporations ane moguined 10 =it an aray of sim AL

= [Ini ihe sdiection sort implemeniation, the scolion of code hat
is exprobsd most Procucnlly [amd Eherolone condributies e
moet bo the runnimg lime) is the body of (e FMintiesllackE
method. The n of oporalions invsohved ineach call do
Fizdd=el leat Changos 25 the akgorithm procoods:
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= Im mathemalical notation, the number of values considened in
FizdS=melleat S b mipressed as 2 summation, which can
then e traresfommed inlo a simple Tomsa
N =1
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A Geometric Insight

= Youn can oonwinee yourseH thak

Fla 5+ 1
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b4y thinking about the problem goomictrically.

= The lorms om the: lelt side of the Tomla can be rmanged inlo
2 iriangle, a5 shown 2k the: botiom of this slide for W = 5.

& | duplicale the iriangle and rofalo it by 1800, you gel a
rn&:ghtrthlsmnmnuimEtrm.hmnf- ich

belong fo each triangle.
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Quadratic Growth

= Tho reason behing the rapid grosth im ihe running 1ime of
seiedion sorf beoomes clear if wou make 2 Gble showing the

valup of 20 for warious values of W
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+ Thi groveth patiem in the right column is similae 1z thal of the
mezured nanning time of the: solcction o 2lgorithm.  As the

M. iH=T1j

value of N increases by a factor of 10, the value of ——
increases by a fackor of around 100, which s 135 Aloorithms
whoss running times indreasr in propotion o the square of
the: problom size ane said to be gessdradle,

Big-O Notation

+ The masi common way i cipres compualional complexity
Ishux—ﬂn—ﬂm-ﬁ:hmmmﬂww
(Zorman mathematician Pasl Bachmann im 15352,

= Bi notalion consisls. of the elor O folkesod B4 a formula

cffors a gualitativie E=emment of runming Lime 25 a3

function of the problem size, frad®lonally denoled as AL For
riampde, the computalional omplexity of |inear search is

Qs
anid the comptaiional complexity of radia =orl is
O W Iog W)

+ I you read these Tommules aloud, you would proncunce them
& “hig-0of N and "big-0 of N log V" respectivedy.




Common Simplifications of Big-O

= Given that big-O notation is designed bo provide 2 qual Rative
assessmend, ® iz imporiant 10 make the formuola inside The
paronithesrs a5 simipde as possibic

= %¥hen you write 2 big-0 expression, you should always make
e 1ol lraing simpditiclion:

1. Elimirafe any bem whoce conlfribulion i e nunning Gma
Caakas o be significant = M becomas lange.

2. Elimirafe sy consdant 1acioes

= Thi compuiztional complexiby of seledion sor is therciome
O

and ok .
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Exercise: Computational Complexity

fumnming that none of the sicps inthe body of the Tollowing foc
|oope defomd on e peoblem size shored in e vaniable o, wial is
the computational omplexity of each of the 1ollraing examples:
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The Merge Sort ldea

D the: weickos ilo Tevh haibees: w1 ared =2,
Soit gach of 1 anid =3 recursivedy.
Clsair e original veatior.

Merge alamenks inko the origingl vecke by choosing the smal ks
el Trom »1 of »2 onhésch opche.
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Deducing Complexity from the Code

= I many cascs, you c2n deduce the compuiational comploxiy
of & program directly from the stnstuee of the csde

= Thi sandard approach 1o EDIIE this Eype of analysis begins
wilhy looking Tor any =dion of mode hal is coetulcd mane
often than oiher parls of the program.  As kong 25 e

individual oporations invalved in an algorithr ake roughly
the same amounk of time, the oporalions that orc Cxoouted
meed ofien will come o dominais the overall unning time.

= Im e soedion sot implementation, Bor cdampde, the maosi
mmmanly exccubed staiement is the 11 slaiement inside e
FicoSoellmwt Mcthod. This strlement is pat of ter for

oS, ONE IN TindSemilast (B2 and o i Scct. The
lolal numbor of et ons s

1+2+34 # (N=1}+ M
which is O7N).

Finding a More Efficient Strategy

= A5 long & arays are small, sclection somt is a perdedtly
¢ sirgiegy. Even for 10,000 clomonis, the avorage
running lime of seedion sof is just oser 2 seoond.

= The quadratic behavior of selfion sorf, howowver, makes it
loss atfraciive for the: viery lamge arrasys thadl one cnoouniers in
commornial 2pplications. Assuming that the quadnalic growth

Fatem continues boyond the limings opored in o l=bic,
sofling TOOLOO0 walues would roguine tece minebes, and
sofiting 1,000, D values would f2kc mare Bhan e howrs.

+ The computalional complexity of the sohection sot alkgerithm,
hiowowier, hokds oul some hope:

- Soring bwice 25 many e kments lakes Tour imes & kong
- Soring hall a5 many olemants. tkes only one fowth e lime.
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The Merge Sort Implementation
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