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R\%or\’f\\ms , Com?\ex\"r\i, andg Combinatoric.s

Objects of Ythis aqraa of ﬂud\'_:
Develop goocl clgorithms
Bnalyze  the Cnmp\e.x\\-\' of &\30'.\'“\”\3

Provide lower bovnds on e coM\a\ex‘\h\ ot problems

(we wil\ deal only with sequential, wot parale\ a\gori%;ms);

Ristorica)l approoch:

B\gor'\\"nm c\eve.\o?me»’c
Empirical  study
Theoretica) anolysis racre

Lower bounds now - exishent




Algori thm: St ep ’by ~s'£6p
prob lem solving method

ALtloouLgk “a/gor/-ﬁhns * existed
thousands of Yedrs ago,
the birth of the Computen
was hecessary and
sofficient  to power their
stodj. |




Te_d\mqozs are  Docrowed from
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Simy \ation diaﬂona\iza_tfm\

This work occcorred J'US*: before
the advent of comgm%:ers

(193e's).

Hilbert | at the torm of the

cmtorjl was aware of the (ssve!

Hilbert's o™ probiem, Provad
ondecidable n 19t by Matijaseviq,

bui’c\‘w\o) on work of Daw‘s, Robin son




The next o‘uzst\ovws=
Houa &ictcﬁ~t S an. a\%orf‘th“/\‘\?
oz efficient cawn al Sori’l:bams

Ao a %‘\ve,vx pmb\em be 7
Complexity Lheory

Com? \ ¢x;—t\j méas uves:
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ﬁ:ssibla [omPluNy measyres
Static (data .'mpm..a)

1. Fk,r;— size (humber of instractions)
Agnmic ( é(da "‘.'“‘«’)

1. Running Hme as a function of dabe size.

2. Storage spact as a fanction of dats siac.
Datu for “Z namic_measures

1 Werst case.

‘ 2. Representdive (arerage) case.

Ipacial measeres Ao hyer banads

d. Teg?s in decision tree.

2. Arithmedic operations in straight-line progrom.

3. Mc.mor’ accesses.




Pt‘oﬂram len 31:’!\. and
?r*c>3rc3mm‘»v\3 +ime

a di %ressx‘on

Procaram Ny v\ﬂ, fom ot |east Q\n{
point of view (D‘\j\’\strd 's)
s a rzcﬁorcvs ) \oﬂlca\

ac:tivi‘tj

akin to ‘tl'\eorem —?ro\/inﬂ
and ea\ua\\j c\e_mav\dinﬂ

of  correctness.




Our Cowg\(x'\\“] Megsore
Wolst -Case fum\iv\3 rimL

os a fonchion of Inpvt size.
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The Sch'rvm of Compufa\'fov\a.\ Compltni \-j

undecidable Rl bect's otk ?fob\{m.
sope(- expenertial T W!S\Nranr ar‘Yhmehc
exponential 1 Gircolarivy of aribute
srammch
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Hia\r\ -Level VS. Low - Level
COW\?\QK'\tj C_OM?\QX\“':j

]ESV\O\"AV\CQ_ of 6.3. ® Iancrévxce_ ot

po\ Unemi a\ fonctions Constant. Factr.
(ma ‘jb e)
E\rh\)\n AvS On ® Em?\r\asfs <
Lowser boondS voper ‘poondS
Ted\mc?uas are @ Techni ques ar<
+hese of \ogfc. ec\ectic
simy\ation

d\a OV\G\\ZatIOV\
C‘U&n'tt i e~ eliming Za‘blOV\
(o get alao i Ehms )




Hngl‘ order co mplcxH'y

(W/M‘f‘ Cdn"f‘ we p(,.;')) .
1N 72«.«;:73 Aa/-h'»J Fro“tm

|

Hn‘”«ri"s tenth Prolalun
( solution of _Du'opl\aarﬁnc q«afl'ons)

Gooal ( pe 'ymmtal h‘mc.) vs bao( ( ¢xPouznfiaI -h'mc..)
a/aon'#l.ms

on“aﬂﬁi or super- gcpom*afa.l lower Aounds

E qui valence of extended njuhf expru:ions
27
2 Val\'olﬂ'y ‘n Prcsburjur arithmetic

Cn'rcu'arc"l’y in Semantic oefinitions
-Ar Centfext - fr&c /anjaaju




NP- complete problems
P is the class of pmbfen.s solvalle in P'ymmfgl Fime .

NP is +he class ot‘ P”'""“ whose 3o/uh'ot\ Can ée c‘tcld
In Polypomn'a, +ime.

NP- Complete problems

Hardest problems in NP; if any Aas a
p017 nomial #ime aIJom"H\m, Me.y al] ole.

Examples

Val idity in prepositional caleulus
Tramllinﬂ Salesman problem
Masimum independent set problem

6r‘a’:l\ colorin 3




H I'ﬂl\ order comP/exH'y ‘r‘l.su”'{ are machine l'fnl‘!fcndeaf 3

Comp/tx:'*y in all mackine models /s po?mm'qh, related.
Tu?u'nJ machine s usuany h!ul

Kc., ideas
simal ation (reduciility, transfocmability)

di"’gultuﬂm

These are not pewerful c.m“;’zh T rfu.l.-. fhe
P=NPT

ques tion.




[ ow order CoM?\«CX.'\‘\'j .
( what cam wa do’)

Tnstead of lower Dounds, amphasis s on
o\wt\c\ﬁuJ fost alqori+ths.

(Lower Younds a\mest wen- exiskent)

Welter -and - better Fd\jc\omid uRper bovnds




low - Level

Cbm?‘\exi b_‘f

| oloec bounds are vpased on
problem - spe cific computation

moade\s

coont only the relevant
or dominéu’t opcratbhs
e.a C.Om?a’“‘SOV\S (.SOr't')f\S)
MO OV cations

(matrix molti Phca tio n)

model “natucal’ a‘SoN‘Ur\MS




Fast a\gori't\/\ms re\3 L

- 3\3orit\r\m3c_ ‘Le,dnn'\ciu es
recursion dxx\nam‘\c_
pr‘o%rarhm'\nj , divi.de_—-
and - Conqurr 9 raph

scaro\q) etc.

data structores : |[ists,
stacks gqueves,

trecs/ et c.

Ana[v,SfS of dlﬁorfthms and
relat ed qucstiows rﬁc?u[rés

eclectic mathematics




Tecwwiaves

Rawrs’iém | f_
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?o.f 5 4voned Srock (.?\QI\O\" ;‘\-\j «Sﬁ“%\)




Goroph search
Degth-first (moze tvaversal (TrmwX)f“: -
Connechuity W’b‘uemé) _
Preadth- Firsy - (wenork Elow)
Cwarkest - Hrer (Shorreet paths )
O\dear- \ast (maze travessel (Tarr\s)l
Culerion cﬁq,\,gs)
Maximum Cmfd‘ma.\ih}
| exicoq aphic

Oprimizakion

(rveed
PNQM- enkahow




The Roe of ’\—\neorkj
in A{jprf.ums])as;ﬂ n

Whereas improvements in  hard ware
and in aoc:linﬂ can Prod@éc constant
?Fac:tor‘ improvements theoretical
s‘nsishtﬁ odn |ead tc; asjrhptot-it
improvements and  g8inS in
s'lmplicit&3 and ﬁewer-ah‘i-«j

(and correctnes)




Key Points

ers beco me faster and as compﬂer.

As comput

memories become Iarjerl +heoretical analysis'

/Ec’o(inj asy;qp'te{t*c ccmfvlexit/ becomes
1 Psar‘tah’t;

more, not less 1m

- Me re. reorn i avai lable for the c#icr'enc)/

01( cever aljont‘\ms to sl\ovl V\P

Often, the key 1© solvi S 2 Fm&km eflicient ‘/

s Lo use the rijkt- ‘alata structure.

A'Jorvl:/\mtc 1ues1‘-ion5 are often at heart

data structure {ucstnons




