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Algo Examples

Runtimes (Big)

Master Theorem

© Pivide + conquer
G reedy © Tatervel Sthdu.liNa
: Dtjnmmic.'- Neiﬂh\'e& interval scheduling

Final Notes

Merae_s ork

£(n) = O(n?*) = £(n) 2 cn? normal Big O
=0 (n*) »cn? £ f(n) £ en®
=N (n*) > £(n)2 cn? lorger +han
= o(n?) = f£(n) < cn® Strictly less 4han
Tin) = o‘T(_nb_) + £(n) for n > O, constart a and b, asymptotically positive function £(n).
b oend
Simplified
Cose 1 d < |03b0~ , then O(n'e*)
20 do=199,% = oln* Ian)
3 d> 19,2-20(n)
Cormen
Lt £ = 0(n"*" "% ) for €50 > B(n™")
2: B =00 ) = T = 80 gn)
af(B) 2 cfln) for ¢ <2 = O(4).

38 = (n™" ) for €50 and

Ex. T(n) = UT(Z )+ ¢n

= d < 18§x2 | g5 Cose 1 T(n) = O(n*)

g, &= 109 4 = 5 .

d=1

Ex. Tn) = 3T7(5) + nlgn

g, 0 = 3,3 <3
~ nign £ nwsba e NOoT (Cose 1
= nlgn # n'*%e” NOT  Cese 2
7 ngn 2 hMbm e Mes, 30 chee teqularity condition 3 (%) L) (%) £ ca gn
T 1g-134) £ cngn
% 1g(n) -9l £ ¢ Ign
Yes, so B(nign)
Ex. Tt =3T(X) +%

Ex. T) = 27(3) + §n

0§,z -

n
B 14N = n

In

<|w

Tris connot ke 4rue, because 14n = D. So, no
Solukion



Ex. T(a) = 6T (%) t o2 LY

lossb < 2 r_c‘—7 placeholder number

. 1.9-¢
— n*pn £ Cn , s Case 1 2 dont apply
= n*iyn 2 e T E
-0.1t £
I5n?-cn
13(13n) 2 (-o.l+a)c-\%(n) let € <0.
Reﬁulﬁn'-l-b cond.ition * b [ ‘% z 3)] £ cont lSn
o [ 5 13< Y] = cntign
— 5 (3) £ oo 4N let C>F . Taen, Ttn) = O(n?14n)

Ex. Solve Vi Substifwkion: T(n) = 2T (2 * 1, sowtion TN = en-d | 4o find

2T($)+ 1
iz('c‘;‘—d>+l

S

/7 d>1

Tn) £ en-dd +1-d £ en-d

T(n)

> Thus, T(n) £ cn=dh. Thus, T(n) = O(n).

: Merge Sort

Divide + conquer
Divide array into halues, sort  when Yyou merde bock Up-

{6,1,2.9, 31 ,=5

sl TR
K {2} {‘11\/{51
{el {1} {39}
{1,2,63
{1.2.2,6,9% Runtime * 7 cmps , 1g(n) times, so

O(nign)




* QuicKsort

Ex. {3,1,3,‘1,2} n=25

PN

{1,3,2% fa1

/////\\\\\ {3 2%
PN

{2%

merge from lekt 4o right o f1,2,3,6,9%

Runtime * best case = O(n Ig n) , like merge Sort

worst case > O (n*), if you piek led porkition elements fo mawe (n-1) and 1 "halues”

- Longest Sum Subsequence

* Mox ( MSSCleft o) , MsS (rignt haW), MSS (spen of rignt + left halves))

Ex. 110, -3, 3,1, -2}

85"
PS 34, Iy /\ porticl sums: 1

il
U <ld+ 1 <5 o |5 {10,-3,37% f1,-2%
(lo-3+%) {10, -3% {33 {13 {-2}% (1)
1y /\
{10} {-3}%

Runtime * Oln lan) - Tn)= ZT(‘%‘) + 0(n)



GREEDY

Not gueronteed optimel solukion

© Piew \ues‘t-SumiﬂS choice

© Tnterval Scheduli ng

* Cloose intervol +hok ends earliest, remove afd D“"\“PP"“S intervols. Repeot

— imPlementodc.ior\'- min Heop oy end\r\a Hmes

Runtime ¢

© With these V ) Make Sure you don't create cgcles!
" Notice : 6 nodes, b steps

. Dijustra's

* Find. 2hortest poth from rost. Builds MST from root b3 addinﬂ Vertex wl shortest poth from root

4

Ex. 3

3 5

52— ,—=-0

2\ DNIVA
&

S1: VO S2: 70\8 33: yo\g

1 1 2 1 2

7

4
Sy VOV 55.: VO% Sb: VOV
1 2 1 2 1 2 9
/ 7N N
Yy y y



- Prim's  (like Dijkstra's) - no wnigue soluckion

© Stort from ome vertex oddins edges w/ lowest connection 4o existing Yree

SY:

Sb

Ex 3 —=
. 3 5
== 5==0
2\ / ™~ /e
g’ |
Si: O s2: 2 /O $3:
)
% b
1 1
o 3 2z 7] 5 - 2 2 y
SH ¢ / ] y
O q O
= /5 5 2 /5
X \A
1 1
* Runtime: O(V Iav + Elg V) — cdjucenty list
O(V® + E) —> arrey ( deleting min Conneckion + opdeking edges)
* Keuswol's
© Stort W/ your verkices (remove edges). Add smallest edge.
3 —— Yy
N
2—— 72— 0
2\ / ™~ /e
9
6 l
S1: 3 L’ S1: 3 = [“
> 2 O 5 2 0
2\ 2\,
b ' b |
S3: 3—= 4 383: 3—= Y
/ /
S 2 0 S 2 o)
/5 :L\ \\b /5

Runtime: OCEIR E + EV)

—> Cheeking we don't have a cyele
temowng from. heap E Hmes



DYNAMIC

STEPS © 1) Find bose cusels).

2) Make recursion. > make sure you have Overlapping Subprolblems

3) Describe size ond shope of fable > norwmally, n nvgumcn-i-s in Yvecursion
T stoart from L= 0. Where do you g now, so subsequent fillings onty heve

=> n % n +able

4) Find owk how 4o &l {0 4oble

to rekerence +he arrcb?

S. Find tuntime = (lena-Hn of m\mt)(hm fo Hill 10 1 element)

. . Ay . n
Recursions often either consider or Don'T consider the A" element .

Weighted Taterval Schgo\ukina
diff from intewal schcdu\ir\g, because you cont just piek the eorliest ending interval. You have fo coleulote the

weight of 4the diff comiws of intervals.

* OPT (n intervals) = OPT(D — n-1) + nwgiah‘t moXimize over 2, only tonsider noncontlicting

intervals

DPT(D = n-1)

Ex. kS 1 > first sort bﬂ finish +ime (heaF)

A\.rn35 [O, O, 0,0] - (3 intervals * bese cose of O inkervels)
fO, 2,0, 0}
lo, 1, 8 ,0%

—

!

mox [ Alod + ¢, Ao, A[a1]

-n=3'-{0;1,g, %s
mex ( ALOT + 2, AL21 41, ALSY, Al2] AU21 ]

* Runtime : O(n - 1)

OPT Rinary Search Tree

* Find lowest cost MST
. OPT('L,‘_] nodes) = OPT(L, r-1) + oPT(r+ 1, J) +[P"°b(n+"'+ PV"“’LJ)] minimize over (£ £

- Bage octse - OPTLL, ©) = Probli)
OPT(t, i-2 )=0O

cEx. K, eW, ¢ Uy ¢y LKy

b2s 02 01 oOis 0.3 R Ll in dicgunelly , upper ok
e g»|o || 23]y |5
OO
(9] .25“0.55 \ £ OPT(1,2)* r=21|A[1,0)+ ALz,23+ O.4S = 0.65

r=2 |AL1,13+ ACL2,21 +0.45 = D.7

V
O|. 2 \\\(
NP

O A5 N\
o 13 Runtime © O(n? - n) = O(n®)

O < w o~
O




+ Floyd~Warsholld
* Find shortest dist tun every poir of Vertices in a weighted, divected Getiph
copT(H, j, k)= OPT(L, j, k-1) OR.

OPT( {, K, k-1) + OPT(K, j, k-2

Y,

O— @

P
OPT(H4,2, 2) =0PT(4,2,0) or

opT (4, 1,0) + OPT(1,2,0) =5

2

oo

3

© [OPT(Y,5,1) =0PT(4,S, O) or

opT (4,2,0) + opT (1,5, 0) = -2

Xk through  vertex. 1

Stp 0| | | 2] 3| 4 5 step L [ ] | 2| 3| 4 5

1 O|3|8 |~ |9 gL O|3|8 |0 |9

2 & [0 | 1 73 2 @ |O|w | 1 =

2 o |Y [0 |V | 0o 3 o |Y |O |

Y 2 | |[-5] O | e Yy 2 |5(-5| O |-2

S ®|[®|® | b (o) ) x| P|® |

STRATEGY

2 -4

" Creste a aAxn tfoble for Stp O. Set 4he walues; AL, 01 =0, Ali,j1= x if there is an edge conmnecting L ond j,

or o if 3!

* Creste Cnother table A Step 1. Use +he vecursive formuda 4o All in. Since K-1 =0, index into +he first toble, using the 2

Other orguments in 0PT().

' eck und| you reach s 6 (goin throgh 6-1 = ‘:3-”'1 vertex.).
Y e §oing thioug



+ Bellman - Ford
* Find shortest poth from a single vertex fo adl other vyertices > works w/ neawtiue edges, unlike Dijkstra

OPT (n edges) = OPT(n-1) orR
OPT (n-1) followed by o0 edge

Ex.
S T X h Z 1 Step:
O steps| O o ® [ O | P
1 0] b 0 + o0
2 [0 b |4 | & 2
3 (%12 |y |7 |z
T 1012 |4y [+ [-=2

STRATEGY
* Crecte ¢ 2x2 orrey, with the # of Steps going

down ond the nomes of +he yerhices gsing across-

" Taitickize 1Y column +o O.

Rl in dwe Greey oL by vow.



- Knapsack

* Given weight Cn‘)ac'r\'s and '\'c.rﬁlf velue +r3 4o reach +arﬁet-
* OPT (n items, W' cap)= OPT(n-1,w-ny ) + N wuahtJ or X cither add the ™ item or not

OPT(n-2 ')

Ttems' Weignk: 2 3 1 1 6

Ex. Cc\mcH-n'- 5
& 5 3 3 o

Tarset 10 Velwe

A=nl Ww=>10|Il]|23]|Y4]| 5
o) s O
I O|8 |8 |%|& R Ll in one vow ot a kime
Z D8 || 3|13
3 (B | ]t3
Y 2| |W [y
5 gy fMMr max(AEL\, 5-6) + 10 ALY, 51)

Runtime * O(Y\N\) , not ?"\3 romiod_

* BC: no items, no caPau'{ma




Max Flow

* Ford.- Fulkerson

* Find the max flow from source to sink (M&i&\\‘kccl, directed srafh)
© S1: Taikolize flow groph (oth $lows sek 4o O) ond residual graph (set do Given ﬂmP\'\\
" Piek o path. Tacrease Fow thwugh Ahe vertices b the smallest wpocity. Tn the residual graph, vpdake +he cap.
and crecte  bockwerd eddes w/ the current flovs.
* Mou cen Bollow forwerd and boekwerd edges . When you follow backioerd edges, You aGre correcting o previous,
inefficient poth by ?ushms those units BACW. On the flow groph, You decrease the flows. On the
residuod fraph, the bccmucrd. ecl%e_’ resembles o foruwerd ede.

\></

Step O : Tnitializotion

O/
* Flow groph (initiad flow is O): @

0
0\\’\ O/~Z

@ O/ 5 ,® 0/5
oL%
o/ F <&

® 0/%

* Residual 3"‘?‘" ( set +o Given graPh)-'




Step 1: Consider the poth SSASC o T

" Flow graph (min. capacity = 2):
/
2/5
Ol +

®

DN

0/3 @
212
O/{
0/5 @
olL%
2
®
0/5

<

e

* Residual 3"°Ph (caP. -2, odd lotekwerd edaeeb: @
Y
2

5

Step 2: Consider the path S—>A—->D —> T,

N

2/3
14 @
1S
3
L
O= =—0 2O
5

2

2/3
S

oY’}

0/3
* Flow 3r0|>h (min cap 2 ) @ ©
212
"
O\ O/‘Z
@ H/s 5 O/5s @
@ — ©)
‘2, >
o1 ¥ &

0/5

3
* Residual 3mPh ( Capacity -2 ): —> CC)Z
W
>< \
3 5 2
O—20 G ®
2 %
2 >§ /
® 3

)




Step 2: Consider the path S—>A—>F — T.

0/3
" Flow groph (min cap: 2 )¢ ® » ©
2
4
0\"\ O/‘Z S
S
5/5 > 1/5 @ 1/¢
© ® > @
< ’Z[ >
O/ * {3
@ 0/5
3
* Residual ngh ( capacity - 1 ): @ @DZ
W
s 4 X
71—
O ——0 ®
2 z 2
=3

@ 2

&
Step Y: Consider +he path S>B5C>A>F 5T

2 /3

* Flow 3rth (min @ap: 2 ): ol
2\
\ >< .12

* Residual graph ( capacity — 2 )¢
>< 2
2
\ >§ 3




Step S : Consider the path S —8—> C — T.

3/3
Flow 3rth (min CQP: 1 ): @ ol ©
B\b\ Qe
5/5 5 3/5 E
® O2= 30
o * &
® ®
05
2
* Residual 3th ( capacity — 1 H): @ © 3
> 2
2 5
O 0= ®
2 )
=3

Step b : Consider +he path S—>p—-F T

2/3

Flow graph (min cap: 2 ) 0'1
q\b\

* Residual 3th ( capacity - 1 ) / >< \




e

Step F: Consider the path S—>E 5 D5 A 9F 5 T

3/3
Flow grolah (min ap : 2 ) @ ©

w12 2,

5/5,®>5/5<®
\® ®

" Residual graph ( capacity — 2 ) / >< \

Step & : Consider +he path S E - D |

Flow groph (min @p: 3 )

3
* Residual graph ( capacity — 3 )
W
2
A —
2




NP- Co mFlekL

Step 9 : Consider +he path S—E 5 F > T

3/3
Flow grph i wp: 2 )¢ / s \

3
* Residual 3"“?‘“ ( capacity - 2 ) © 3
u ><
= @= ®:*

2 unite flow from C 4 T, & unite flow from F © T, and S units flow from D + T. Se,
3 + 8+ 5 = 1b units reach +he sink.

* Whot does it mean 4o be in P 7
" The problem is solvoble in polynomial time.
" Decision proo L P iff 1 a polynomiad algo A sk, it X= es instonce of L, ALX) = Yes.

Some W/ No.

- In NP7
" The answer can Ve verified in polynomiol dime. I an algorithm A%, Y), where X is an instence
of o decision problem and y is the alleged solction. Tf X = Mes, A('X,j)= Yes.

- NP-Complete® reduces 4o
" The problem L is in NP, and VY ENP Ne L (Y-=L).

" To show 4hok L is NPC, show L € WP pgad thet o Unown NPC proolem (ex. 3-sAT)
veduces 4o L.

I8 we cn reduce X 4o Y, that means Y is ot least as werd as X.
i we heve 6 Yes instonce of X, £(X) s Yes
Ex. Show Triple 3-SAT € NP - Comp lete.
D Like 2-SAT, ok needs ok least 3 sokistying assignments

1) Show T38 € NP. Define an olgorithm  Alx, y) thot kokes in on instence of Triple
3-SAT (%) and g certifieste of 3 oss\'ﬂnmerwts (). ?\us the 3 0ssignments ino
K. IF ol 3 return 4vue, A('K,s\ = Yes. Else, Alx, W)= N ¥ 3 o st. X='s,
then X is a Yes instonce of T4 TH 3! , *hen X is o No lagtence.



2Z) Show o Known NPC problem reduces to Triple 3-SAT

We Wnow +hok 3-SAT g NP - Complete, g0 we WTS 3-SAT 5 Triple 3-SAT
Union +he 3-SAT expression with 1 clavse of 2 distinct vericbles (not alreca(:j \:rcser\t). If
+he ovisir\al expression con be setisfied, then *his news one cen be deo ) Simply  set every new
vricde Yo F cnd chenge one vor do T ok o kme b et 3 5afis—$5‘.nj assigwm:nts_

If dhe or;ﬁino( expression cent ‘e satisfied | the new one is a No instonce of Triple 3-SAT

Trus, o Yes inskence of 3SAT — UYes of T3S, end a No instcnce —> No Instance of T3S,

Taus, 3Sek = Triple 3-SAT. Thus, Triple 3-SAT is NP- Complete.



Textbook GREEDY
Ex. The Produc-\-i\li-!j of each Proﬂr&mminﬁ poir = sSpeed of slowest programmer. Assume an even #H of coders.

Maximize Pmductivi’rb.

—» merge Sort the coders in decvessing order of produckivity = Ol(n g n).

'P_,L = 2
2z = 6
P3 = 3 Remove 2 coders ot a tme, cond ?&ir 4hem.
Pq = "f

each edge a Wire btwn routers. Each edge hos a weight. Find the potn

Ex. Each vertex Tepresents Q&  router
w/ ey me'\a‘nt from ony - source 4o any destination.

ike Dijlstra, except you're picking the edge w/ the lorfest weigict

5
B——C - |
from seurce 4o verkex. Build the MST, ond cebwn tne pobn you went
The mox weight 18 the min. weigic of fthe edt_\es in the retumed poth.

= ,
AL

A

%
B

C5/ YD

\:l_

E

—

Ex. Given N vods of lena—khs Ly ) LZ, ete, minimize +the cost of cenncchnﬂ ol (ods jnto one. The cost of

connecking 2 yods = sum of lengths.

Tnsert the lengths into a min Heap. Remove 2, add +hem, insert the sum
into +he minteop, cnd add +het sum 4o @ rwnning &stoal. Once the heap
only hes one ilem, remeve ik and edd it Ao the vunning total. Return .

Divide + Conquer

Ex. 2 sorted arrays of 8ize 2. Find medien ofter merging 2 areys.
[ ll IOJ [I/ (o/ 2/ Ql e MEYSQSM‘t - tcke ?n e wmer{t Bc 0"'%
[ 2 6]

Ex. Unsorked orr of ints from O + 2% -1, missing int M. Find M.

. i+ )
'p( All L | ) int med = T2
> =2
if med & A, return med.
else, puk oMk elements < med on the lett, cnd all > med on the rignt .

it size(left) € med + 1, return L(left, L, med).

else return {£(right, med + 1, J')




| b 5 2
Ex. Search in a sorted singly linked list of Size ~.
£( list, terget +) . Fiad the medicn element by going down +he list = times.
I{ med € t, then return F( list starting from this node, £)
else, ¥ (first node, +)
Ex. Sert a sin\o)l‘j linked list.

Just \ike terge ort

Ex. Given a sorted array of numbers thet has been rotoked 0 certein number of &imes, Lind X .
Find -Pivo‘t point {vshere crrey ; lonysn oround.) -
Sort  numyers, like in quick. sovt .
Recur on the aPPm?n'ab. hett (if X 2 pivet, vewr on lefc hat).

Ex. nxn array w/ ints. Each row, cdumn is sorted in increasing order. Find X,

Bose Case: if n =1 vreturn ALD] === X
if n=2, do Y Crps 4o see if ¥ is any of +the Y elements

2 | 3 Divide +he array ito 4 quadrants. Leok ok +he bottom rigwt element in dhe
| 1 * 3 quqdmwts (4w is the largest element ). Tf dhe element £ X, then throw cuway +he
2 z 9 10 qut:dmnt. TL element == % then veturn X. Else, recur on +he quqdrer\t.
H |3 IS
-Eind {0)

EX. A convex polygon is represemted as an orray V w/ A vertices. VI11= vertex w/ least X- coord , and vlal vizd

etc cre ordered counter clock wise. Find verkex w/ largest x- cobrok.

v £
‘ Divide V in had. ITf ALnl £ BL[0T, 4he ¥- coord is ir\crec.sinﬂ') recur

on B. Flse, cecuc on A.

| X TL V.length = 1 yetorn V[0].

3
V.Q ~ v=[1ls,|23




DNYNAMIC

Ex. Return 4he length of +he (unaes‘t Pnlindromic subsequence.

BC © S legth = 1 veturn 1

S. length = 2 > i chars match, return 2. else, veturn 4

OPT (s, = S,) = OPT(S, —>s,_)

OPT(S; > Spy ) +2 it S=Sq
+ 3= ARBA
A=[0,12,1,3]

L z+ AT1]

Ex. Determine if str con be segmented into 0 sequence of dictiannrj words -

BC: i str.length =1 return  jsWord {str)
if str. length = O, return T
OPT (5, — Sn) =0PT(5, 55 () 22 isWord (s

n-L+_1__7$n) 12C<n

| isWord (str) > H# T, retwn T
str = MYDOG
A:

o I 2 32 Yy 5
T F T F T T

Ex. 4 balkoons , indexed from O 4o n-1 . RBurst bolloon i, get ACL] - ALil- ALr]l coins. Find

™MEX  Coins 50\;\ can collect.

BC 2 ©=23=0 | wallewis 4o lowrst. Retum O.
Aln+23Cnt2] = ALiI[§1 = mex [ ATC1TK] + ACkdLST + ot - costy - tost, ] 412 ke j-1

Ex. Rope w/ 7 units . Cukt +he rope into smaller pieces T , so thot the product of lengths of the new smaller
ropes is moximized. How 4o cut? (You must cuk ot lesst once)

BC: n =1, retwn 1
n =2 A

7
< L &~ .. -
L2202 maximize over (

DPT(n)= OPT(“’L) L OR. gw.‘l( heve 4o cuk ogein offer this

(n-1) Hhis et produces the  max
O | 2 3 Y4 5
OPT(8Y> A-[0,1, 1, 2, 4, b ] oPT(3) = Al211 =
Al1l2 =
(2)(1) =2
OPT(4)= A[3]1 =2 OPT(8)= A[ws1 = H
Alz212 = 2 AC312 =V
Al113 = 3 Al233 - 3
=2 X2>=H4 AL1I4 =4 - (DB) = 6



income in T ounits of time

AE B C
pAlz 2 1 2
B [1
d
D

profit over D dmas.

BC:d.= dZ:o, return

+h
EX. 2 rooms 4o rent owk , 7 customers, i

Ex. String S of length n, T of m. Compute longest common  Sulsequence.

t | L | S | T=3 BC: T=0 vretun ©
Job 22 | 1 5 1 N=1 o t, & T @ retura Py
Tob 2 2 ? 1
Job 3 3 9 2 OPT(n, T)= OPT(n-1, T—%,) + Tn do 1™ jew
OPT(n-1,T) dont do " job

BC ' N or m=1 i 4he one element js in +he other string, return L.

OPT(8-3%n, T,2T.,) =0PT(S> 3,  T->Tm,)+1 ¢ Sa=Te

Ex. n>o0 jobs, each w/ i units of tme, Pi income, Si jobs you cant complete due 4o working on this job. Mox

Moy [OPT(S> S, , T T, ), 0PT(S,23, , T2 Th.2 1)

(0)
n=0, retum O

dyx 4, x o Crrdw. Fill in, increasing < Rrsc, dhen

l

ex. A(2,0,21
Al1, O:, nl
ACz, 0,13

ete

dz .

cust > L rom for dlil days, for & bid[il. Find mex

OPT(d, , dz, n) = max | OPT(dy-dlnl, dz, n-1) + bidlnd gie mom 1 b L"A
days remaining for OPT (dl, d, -4(nl, n-1) + widInl giv rom 2
room 1 opT(d. , dz, n-1) o away AT pustomer



Ex. G, .., Cqn classes hn?pmina. Each € has start Hme Si , finish 4ime 41 ,

-

it's like weignwted interval seheduling

BC: n=0

Sort by earliest Linigh Yime. , retura O

OPT(Cpn classes) = OPT(Co—> Cn_y ) + YV

OPT(Cnoy ) = giscerd "
0] ! 2] 3
C : 9m-1Zpm, IO A= O |lo]1l° /(o
Cz : |Dem- llams, F
Ca: llem-12pm, 2

st. S & ‘cL'

9 deke ronoverlapping classes

Store

V.

L.

Mex that Score.

Ex. » trading posts numbered ~n, n-1,.., 1. At ony post, Yyou <en go downstrecm. Find min cost from eaen @

+t each ;.

BC: L=J > return O

L€~ return O

OPT(i, 3) = OPT (i, r=1) + oPT(r+1, j) + O3t
u gl 2]
| O © | ©
z z O O
EY + 10
OPT(;) = D'PT(I/\) + Cos-t[bc,\jl 1 <« KL)' , mMinimize owor K

becouse e owe only 55:15 Jon S eem~



3-SAT, 3-Color, Inde_?endet\t Sek, orkex Cover € NDC.

NP - Complete Ex. 3-Color —3 5-cColor

)

Given undirected grapn X

add 2 aew nodes of distinet
colors thek haven't cppered belore .

Connect ecch 09 nede 4o these nodes.

Thus, i X =Mes in 3-color, X = Yes in S-Color.

* Verkex Cover & set of vertices g4. enah edae in the 5mph is incident to ot least 1 yertex

Vertex cover @ 11,213

* 3-SAT— Ino(efeno(ent Sek — Vertex Cover

l L st of unconnected vertices , size = K

given an expression w/ 3-l(iteral clauses, OR's inside, AND'S sutcide.

(xuguvz)n(xuy yx)

K=# cleuses \ / \ /

For each clovse, mewe the literels info nodey ond Connece Z z

them IMe a triengle. Connect complements ACRoSS eleuses.

(xuxUux)Yn(x V= U%)

Ex.

n injreoh'enfs. nxn Grrey D> Pean"j of cgm\o\'r\inj t ond J decision Pm\e A

IndeFendB«(\'& Sek = A

2
given graph, size K give D : l i~ I'Z
i 2| DO z
rodes = ingredients 2 D O
edges = penelty (ro edge ¢ ©LI[j =0l yes edge i D13 = 1)
at least K
St p=0.

T3(G, k)= Yes i£f

A(IL, D, O) = Yes. We con thoose K inﬂreds w/ p=o i 3 ir\o\ePendant sek
wl Size K




Ex. « people, L pairs of people . Can +these 2 ppl be seated agrovnd a circulor todole sk. esch person has Hfiends

on both sides? Pwuwe WNPC.

1. D e NP.

Define an Algoe Alx,4) st. X = instance of decision prob and Y = certifcate, Coni'isuration

of the 4mble.

Crecte en nxn crrey of people , arrlndml = T ik fiends, F i nvt. At ecch sest, fad orlnllcd

end cvr[n]CJJ. it one returns felse, then brew — AlL% 4) = Ne.

2. — D

Ex. Given undirected, weighted graph G= (V. E) positive edqe costs , & svbsek R of vertices, and
constant C. Prob A is there a tree in G that spans all wertices in R w/ a total edje cost £C.

Verkex Covee — A (G. R, C)
l | beo

given G, size /S o sk tnok sokisfies \Vertex cover



