
Subset Sum

Input: S=[si
,

K
,

B

Output : noritos A ? S : ESi= B kal /All
-> dp(i)(b((m) = navitos S'2[Sz

...
sil Messi= b kae Is m

1
. dp(ilCo)(0)= 1

, dp(i)(01(m) = 0
,
m>0

,
dp(i)(bI(o) = 0

,
b) O

2
. dp(i)(b)(m] = sum & dp(i-1)(b)(m) JO(nBk)

3
.
cumm , p(i)(B)(m) if (b2ci and mcO) dp(i1)(b-sil(m-1) Peudonod

Subsequence Sum

Input : a=a
...

and
,

K

Output : Majioco avooiqua k-almost incr subsequence
dp(i7(m) : majioco apeciou daz

.
dis me m napal na nagidambava di

1
. dp(0)(m) = 0

2
. dp(i)(m) = max (if Caiail di + dp(i7(m) J0(k)oit

else if (mid) di + dp(j)(m-1)
3

. MAXi, me ConsCo
,k)dp(il(m) - O(nk)

Max Length Interval Scheduling
Input: [CSi

,
fillin

Output: Mejico finios and in Enicad diacirpata
~ dp(i) = Avon dia <(s,

f)
...
[si

,

fil]
1

. Sort : [Csi
,
filSi ful

... [fn-Olnlogu)
unodog prev(1...

n) : prev(i) = Misioojano nn Enikad Gamma-Olnlogn)
dp(0)=0 binary search

2
. dp(i)= max (dp(i-1) I O(n)

3. dp(u) fi-Sitdp/prev(il]

Parking Problem

Input: [Ci= (vi
,
di,silSi, L

Output : Mejioo value Me nayuji di os Dion I di Kan Mijatol Si

dp(i)(j) = avon pa [G ...
Cis kon nagauges mejacous j

1
.

sort [G=(Vidi
,
silinij = (VisVi) // (Vi= Vi AND di<di) - Onlogn)

dp(i)(0)=0
,
dp(o)(i)= 0

2
. dp(i)(i) = max (dpli-1)(i) JOCL)

3
. dp(n][L) if (j2Si AND jIdl Vitdp(i-1](j- sil

Eleni Nasopoulou
Αλγόριθμοι - Ελένη Νασοπούλου 



Independent Set Clique
- G(V

,
E)

,
K -> G(V

,
E)

,
K

= NAI
,

ar 7 IVk
_
k nou de Eury = NAI

,
av7 ourodo Kopupk , Jazov ava 2

ava duo merati zous

Vertex Cover
Set Cover (nAEL - H(V,

E)
, m

-> ormnar U
,

unoor S=<S
....,

Sm)
,

K = NAI
,
ar 7 I'lm

,
worFe(x

,y3 : yeV'n xtV
= NAI

,
av 7 zo nodi unocivoda pe USi=(

Clique [ Independent Set Independent Set? Vertex Cover

Clique input : spagos G(V
.
El, IS input : spcipos G(V

.
El,

M12: Enmioupsoupe ourndng G M13: m= n -K 0(1)

Independent Set Input : G
,
K Independent Set Input : G,m

E G EXEI Kaika Mejsiou K E G Exa independent set Megadou K
-

G Exa independent set Megadou K G Exe Vertex cover mejitous m=n-1

Vertex Cover ? Set Cover Set Cover = Vertex Cover

Vertex Cover input : H
, m Set cover input : U

,
S=[S

...,
Sm)

,
K

M15: V= Sez
...em)

,
Kate Kopuqui V

,
Exa Siko M12: Kopuri Vaaxdo U Jav UseSie

ens unocivado Me akmes
,

k=m -Kopugi V Si actri (Ui, Sil
Set cover input : U

,
S =ESv

, ...
Su]

,
K Vertex Cover input : G

,
m (=k)

Subset Sum Partition
-> S= Es

...
Sul

, target curt - awodo A

= NAI
,
av7 S'2S : Esi=t -> NAI

,
av 7 avoda Br : B15 = 0

,
BUT= A: Zbi=Za

Partition& Subset Sum Subset Sum Partition

Partition input: A Subset Sum input: S
,
t

M15 : S= A
,

t= Sai/2 M13 : A = Sudzt-Isi)

subset Sum input: A
,
t Partition input: A

S givetal partition Go A I 7 subset sum Ja St
7 subset Sum &O S=A Met=Jai/ 2 jiveral partition oo A= Sud2t-2ci)



SAT Independent Set

-> CNF D = Gn
...

nCm
,

Ci= Clizv
...
vlin)

,
lije[V,x] -G(V

,
E)

,
K

= NAI
,

av 7 avation : P-true = NAI
,

ar 7 IV'k_k nou de survovral

ava duo merati zous

SATI3SAT
SAT input: p= Gn

...
nCm 35AT ? Independent Set

M12: (x1) - (XIvava) 3SAT input : CNFG = Can
...

nCm
,

Ci=Clivlin vlis)
(x(vX2) - (XLvXva)n(xzvXzva) M12: seagos: Fliz

,
liz

,
lis -exINVO CarME) ava 2)

(x, vXzvX3) - id0 Eurvoupes Kate Xi ME KC83Xi

(XVXVX3VXy) - (xzvXzva)n(X3VXyvia) Independent Set input : G
.

m

SSAT input : no

Clique Blue-Red dique
Graph Isomorphism -> G(V

,
E)

,
K - GIV

,
El

,
bluelved vert

,
k

-G
,

Ct2 = NAI
,
autowdo -> NA

,
av7 clique M30K

- YE)
,
aut subgraph G = G2 Kopupk , Jazov ava 2 ME Kokk Kan Mnde Koe

Clique ? Graph isomorphism Clique I blue red clique
clique in put : G

,
K Clique input: G(V,

E)
,
K

M15: Ope Kin
, jeago Koovgei + obe akpet M12: da V-Mnde &1 Kopupri kokkun

Graph kom input: G1= Kn
,

G2= G nou odizzon Mt Oba

BR Clique input: G'
,

K=kt1

B-R Vertex Cover Vertex Cover
- G(V,

El bluelred vert
,
k - H(V,

E)
, m

-> NAI
,

- Vertex Cover IVlk carbIkoque = NAI
,
ar7 I'lm

,
worfe Ex

,y3 : yeU'n xtV

Vertex Cover BR Vert Cover

V input : G(VE)
,
K

MIZ: oder Kop Made hr auf me oder

BIRVC: G'
,

k= kth



Opa2 :Asouiqua coxaiar unocuvodor can unakoyoudcir

nayadaafri subset sum

1. Input: S = ESa
....,

Sn)
,

B
,

K Avadpopeka Oxion :

Output:KS'ES : Isizs' Si = B
,
ISkk3) OPTI

,

b
.

m) = 1S'24
, ...,

Sil : Isi =b
,
Isl=m)

Hexikonoinch : Binary choice:

OPT (i
,
0

,
0)= 1 Case 1: exclude-Si =OPTli-1b

.

m)

OPT (i
,
0

.

m)=0
,

m>O Case 2: if (b> Si
,
m>0) include-Si = OPT(i-1

,

b-Si
,
m-1)

OPT (i
,
b

,
0) =0

,
b> 0 OPT(i

,

b
,
m) = exclude

-
sit include

.
Si

-> PerdonoduwuMikoResultImOPTB

Ma va anodaizoupesa auvara se noducrumiko xpovo

noena va zo avajoupes de Juroo Probanda



napaddajn longest
increasing subsequence

Input : a= <as, ...,
an

Output: max[Siesdi
,

S211.... n S : Vijes = aia;
)

Avadpoplar xion: OpT(i) mejioospoiqua ↑unakodoutias nou estaciva do di

Axikonoinon : OpT(d)= O Avadpoperi:
cur-max=O

Result: max (OPT(i)
,
it <1,

...in for(j=0to i-1)

Complexity: On' if (a; <ai) cur-max =max(cur-max
,

OPT(;)
OPT(i)= ai + cur-max

Input : a= <as, ...,
and K

I

Output: max[Siesai
,
S21.... n S : /j : aiajl[k)

Avadpoplar xion: OPT(i
,

m) mesiolospoiqua ↑unakodoutias no estaciva do di me m

nagabiass povozovias

Axikonoinon : OPT(0
, j) = 0 Avadpoperi:

cur-max=O

Result: max(im) t(o
.
nix (0

.

k)[OPT(i
,
m)) for(j=0to i-1)

Complexity: 0(k) if (a; <ai) cur-max =max(cur-max
,

OPT(;m)
else if (m>0 curmax= max(cur-max

,
OPT(j , m-1)

OPT(i)= ai + cur-max



Ea 3 : Suroozepa Moroncza

w(e)
u- v

Wel +((e)
Us V

1.Axikonoinon : O((2E +V)logV) = 0 (CE+UllogV)
-nivaka anociur d() = 0

,

d(s)=

-xphaiponoocpe oupa noorsparental (min-heap) , pq-(d(s) , s) log (
2. Ezepeivion Kopuquiv:

- 83 Kate enavadnin
, Enidejoups enr Kopupri u Me zur Ebax anocaon : Curr

-
dist

,

u)
- if (curr-dist>dCul) continue;
-Ve(u

,
v) : dr=d(u)tw(n

,
v if (d2<d(vi) devi: da

,
par (d(v],v

-Ve(v
,
u) : dz= d(u)tw(m

,
v) +(u) if (dz<d(v))d(v)= da

, pa- (d(v)
,
v)

3. Eniopogi anozediomazos : d(t)

1.Axikonoinon : 0 (k(v+Ellog(v+k)
-nivaka anociur d() = 8

,

d(sI(0) = O

-xphoimonoloce oupa noorsparental (min-heap) , pq-(d(s)(o],
s

,

0

2. Ezepeivion Kopuquiv:

- 83 Kate Enavadnin
, Enidejoups enr kopugri u Me zur Ebax anocaon : Curr

-
dist

,
u

,
m)

=Ve(u
,
v) : dr= curr-dist + w(v) if (da(divi(m))d(vicm)= da

, pq - (d(v1(m)
,
v

,
m)

-Ve(v
,
u) : if (m(k) dz= curr-dist + w(av)+ ((v

,
u) if (dz>d(v)(m))d(v](m+1)=d

pq - (d(v)(m+1)
,
v

,
m+1)

3. Enicpogri anocedomaros : min[d(t))



Opa 4: NP-nangoenza , Avajwjes

1a
.

①Oo Exactly-3-SAT =NP

Ma Mia decora akodoutia Metabanelv, penopoipe va anadnieurouma de noducrumiko
Xpovo al Kade nezaon neplexa akpbuis 3 literalsal av Ikavonical ano en akodoubia

② Eso Exactly-3-SAT dival NP-complete >> Maiwon and 3-SAT or Exactly-3-SAT
Oi Nooraes you jevikou 3.SAT napiexour zo nodu 3 literals. Oa as MezazpeNoume de

nporaoas you Exactly-3-SAT M3 akpbus 3 literals:
- clause M3 1 literal: (x2) - (x1Vyvy)
- clause M32 literals: (x2VX2) - (x2 vX- vy)n(xzvxzv(y)
- clauseMa 3 literals: (XLVX2vXS) - pevaido
Eco

,
Kate npotao zou Sal MerazpEnezal Ve Mia Li Guo npozcoas ea Exactly-3-SAT,

Gaznquivras env ikavononoMenta
To 3-SAT gival NP-ndrige ↳ to Exactly-3-SAT gival NP-narixes
- noduwrumikr Mawon o Exactly-3-SAT

18
.

① 000 Exactly-4-SAT =NP

Henadrituon Goomirns avations penopsi va diva esnoducrumiko xpovo

② Oto Exactly-4-SAT Sival NP-completea Mawor and Exactly-3-SAT3 Exactly-4-SAT
&a MezazDepouME Kos notion zou Exactly-3-SAT 53 Npotao you Exactly-4-SAT wh stris:

- (XzVX-VX3) - (x2VX-Vx3vy)n(xzVxzvx3Vzy)
Mustarponri dindacaja za clauses kan o xpovos divas noducrmikos
To Exactly-3-SAT zival NP-ndrige S zo Exactly-4-SAT givau NP-naripes
7 noduwrumikr Mawon o Exactly-4-SAT



S2

I
⑧ ·

o

S3 · %. Su

①Odo Hitting Set = NP

Ga Saitours dr Mia unoprigia auon le unopsi va Enabnoeura de noducrumiko xpovo
-ow unocivodo H2U : IHIB
- Enadhievous au F Si loxia SinH+
- 3638XO Kajes Mosiou zou In los noos ea Moixsia zur Si e OCk.

(H)

② Edo Hitting Set rival NP-complete- paiwon and Set Covera Hitting Set

Dadopivo neibanpa Set Cover (U
,

EJ
, ....

Sich
,
B) :

- opijoume zo divodo Xoo Hitting Set us zo apxiko ourodo (

- Kade unocirodo Si zou Set Cover petarpeneral3 Si do Hitting Set

-To B naxameva ido

+ t



Opa S: Enfabaiwon Mesions pori

Na va adajtoupes au Mia Goopeaun & divas n magian se poli do la da Xenoimonosioume
zo Gonna Max-Flow,

Min-Cut

①Kazackzuri Residual Graph Go Olm)

V akuri (U
,v) : unod xwonzikonia (a(u

,
v) = CCUV-f(u

,
v)

- if ((120) nethica ecu
,
v) ma Cacuv

- if (f(u
,v)>0) neortrim e(v

,
u) mefluv)

②Epson noosbaMur kopuir ano s - On +m)

EKTEZoupe BFS ni DFS jla va Opoure as nporbatimes kopupas and zo s no GA
- Kombos t MH nposbasimos -f divan mission
- Kombos t nesbacipos fa divas pregion

①Update residual graph
vio capacity: ('(e) = (Cel+1

veo residual capacity: Cf(e)= (f(e) +1

② Eupcon authakir Moronation +enavanposaojr poris - zo nodu k loops O(k(n+m)
- xprion BFS da unapth movonazion s-t

- sav uncipxa , encopori Moronation + bottleneck (adax unod xwonzikoenical
altron poris no Moronca Kaza bottleneck

avavewon residual graph
abtinis

, Enicripoori f



Annou: Indenaxvid - Greedy
Kaza: E(Vi

, pilS , Vivalue Kazov, pi : Givamn da va oncios

opupia : E (filsi, findwarn Kaya opupiou,

Kaoe opupi 1 popa
ooxos: max value

① Sort Kaza [(VipilSE : Visj= (Cvisvi Il (VIS& Pipil) JOCnloghl
Sort opupia<(f) : Vi<j = pilp;

nivakas used (1
...
n)=0

, opt-value=O

I② Y Karii,pil : for (J=L to n) if (used(j)==0 AND fjzpi)Top Vaqueta③ Return opt-value

Anodata Mes Enixsionma avtaadagnis ++

Coin Change
coin system: Ca

,
C

, ...,
Ch (karnjopies Keppew

noto X

Szoxos: va bow minimumkepmazar na Kava X

Greedy : Jazovogai Movo dia euvoika coin systems (C gival nobloa Mezazi zous)

Dynamic Programming: dp(0...
X) : dp(j) = min(Akzomazwi) no kavour j

Axikonoinon : dp(1...

X] =0
, dp(o) = O

Aradomikri oxion: dp(j) = 1+mini (dp(j-c))
curr-min= o

FCi : if (j-Gz0) currmin= min [curr-min
, dp(j-ci))

dp(j) = 1+ curr-min

Tsaiko anozidzopa: dp(x)



Interval Scheduling
②MEXICO noridosn-Enkaduncoper dacinda Greedy
Input: [(si,f)Si

Greedy Katriplo: Enidijoue navia zo darma no rabaliva vigizada
1

.
Sort intervals: [Csi

,
fil bi <j filf; - Onlogn)

2
. Enidogni novizou diactimaros no arija vipizzpa J On

3. napadation danpiczor nou Enikaduntovial

②Weighted Interval Scheduling Cagonoinon Saxou - dp
n

Input: [ ((Si
,
fi)

,
Will i=

Dynamic Programming: dp(i) : majloo Kiddos dia diacrimaza da
, ...,
il

1
.

sort intervals: [ ((si
,
fi)

,
Willi

,
i<je (Clisfi) 11 (fi=fj AND WilWill

2. compute prev (1
...
n) : prev(j)= to index zor apious noons in Enikadunzomero interval

3
.
initialization: dp(o) =0

4
.

for (i=2 ton) : dpli)= max (dplith) Il exclude

Witdp(prevli)) 11 include

5
.
Return dp(n)

③ Interval Partitioning (Edaxions as noowv) - Greedy
Input : [Csi

,
fil

Izoxos: Edaxioros adispos noper = nota diac Enikadune zauzoxpova

Greedy Koitriplo: Enidejours to Giacnpa no Fativas Vapizapa, au unaga datetimos nodol,
zor enaraxanoiMonoloupe, abdicis Generous Vio

1
.
Sort intervals: [Csi

,
filbi<j = Si<sj - Onlogn)

2
.
Min heap jia drifal evepor dampul

3. V interval (si
,
fi) :-av lo Mikpuzapo caxaio zou oupoi divas mikporepo ni iso ano zo

vo diacinma, agaipops zo nabarozado dacenpa ano zor ocupo
- asajous zo vio xpivo britas co oupo

4. Return majico mejados zou oupou



Fractional Knapsack Problem

Input: [(Si,vi)[ Si : MEjetos avak Vi : atia avak

MEjEOOl valdiou B
Output: V (si

,
vi) va sow fit (0

,
1) : Ifisi [B kal IfiVi-max

Greedy Kaizripio: Enidijoue avaksimera me vandozapo dojo mejados/bados maxes va

Semisa zo oakido

1
.
Sort &(Wispild isje Vi/siVi/s;

2. total-val= O

3.Favak (Si
,
Vil : if (B2Si) B-= si, f=1

,
total-val t= vi

else fi = B/Si
,
total-value += fi . Vi

,
break

4
.
Texiko anozidequa: f(1 ...

n]
,
total-value

01 Knapsack Problem

Input: [ (Si
.
Vil

Output: S[41
, ...,

n) : IsilB
,

Suitmax

Dynamic programming: dp(i)(b) max value fa ava 1
...isb jajados saldio

1. Adxikonoinon: dp(i7(0)=0
, &p(o)(b)=0

2. Binary choice: dp(i)(b) = maxS dp(i-1)(b) Il exclude

if(b<Si) Vi + dp(i-1)(b-si) 11 include
,
if possible

3
.
Tedik0 anozza: dp(n)(B)

Partition Subset Sum

Input : A = [SiSi , kal target sum B

Output : ISE1...
n) : ISi=BI

Dynamic Programming : dp(i)(b) navidos orvidor M3 [Sz
...
Sil me copoioma b

1. Axikonoon: dp(i)(0)= 1
, dp(0)(b)= 0

,
b>0

2. Binary choice: dp(i)(b) = sum(dp(i-2)(b)

if (blSi) Sitdp(i-1)(b-si)
3.Final Result : dp(n)(B)



Longest Increasing Subsequence (US)
Input : a= [01, ...,

And

Output : Magicou prikous/uno-akodoudia
Dynamic Programming : dpli) : Mnios jejadue autorous unakodovoias me [as, ...,

did na

neplexe eo di

1. Axikonanon: dp(i) = 1 (KaBe caxsio Movo zou)
2. Choice: Fi for (j= 1 to i-1) if (a;<ai) dp(i)= max (dp(i)

,
dp(j) + 1)

3
.
Final result : max[dp(i)3

Longest K-Almost Increasing Subsequence
Input : a= [d1, ...,

And
,

K

Output : Magicou prikous/uno-akodoutiapeo nodu nayabiade

Dynamic Programming : dpli)(m): Minikos Mejadue autorous unakodovoias me [as, ...,
did na

neplexa eo di me m napaliccal
1. Axikonanon: dp(i)(0)= 1

2. Choice: Fi for (j= 1 to i-1) if (a;<ai) dp(i)(m) = max(dp(i)(m)
, dp(j)(m) + 1)

else if (m>0) dp(i)(m) = max(dp(i)(m)
, dp(j)(m-1)+ 1)

3
.
Final result : max(dp(i)(m))

String Matching
Input : Kapevo TCh

...

n) neotuno Pla ...
m]

Output : Eupson Ts=TCs
...
Stm-1) = P

Q Brute force: Naxu Lo Spatia, Modi to bow Naxva Enopevo ked. Au no zidos
,
mismatch

40(u.m) auvexiJw ano Eri no Selika zo nquito match
② Almost brute force: ido que nav

,
abda oncw zo loop do 20 mismatch

40(nm)
③ Karp-Rabin : -unodogopos hash noozinou

-unodusiaped hash nowens unoormbodosapas kam Megators 8

-rolling has sa Enseva sprijata
- Ez neoinzwan match: Edexos Kas Me zo neizuno



Longest Common Subsequence (LCs)

Input : X=(x
...
Xn) Y = (yz ... Ym)

Dynamic Programming: dp(i)(j) : Mejico Minicos Koivis accodoudias en X(1
...
i) MEY(1...jl

1. Apxikonoinon: dp(07(j)= 0 dp(i)(o) = O

2
. Avadpouri : dp(i)(j) - if (x(i)= =y(j)) dp(i)(j) = 1 + dp(i-1)(j-1)

ele dpli)(i)= max (dp(i-1)(i)3
.
Final result : dp(n)(m) dp(i)(j-1)

Edit Distance Problem

Input: X(1
...
n)

,
Y(1

...
m) jog reg rcosF(Xi,Yi)

Output: notes susprae Enovrini/Giajeon/avakazas xapakenpa neina va givour wi X=Y

Dynamic programming: dp(i)(j) : dion Da XC1
...
i)

,

YS1
... j)

1.Apxikonoinon: dp(i)(o) = i : & dpCO)(j) = j.
2. Avadoomri : dp(i)(i) = min dp(i-1)(;) + o Il dayo ano X&

dp(i)(j-1)+ 8 Il avajusti oo y

if (xi ==yj) dp(i)(j)= minhdp(i)(i)
, dp(i-1](-1)

else dp(i)(j)= minhdp(i)(i)
, dp(i-1](-1) + cost (xi

,yi)
3

.
Final Result : dp(n)(m)

Max Weight Independent Set Clinear(

Input:(pilb
Output: S241

...

n) : Spitmax ,
itS-litt

,
i-1) # S

Dynamic Programming: dpli) Satacen avon ya Spa
..... Pil

1
.Axikonoinon: dp(o)=0

,
dp(1)= p>

2. Binary Choice: dplil= max [dplit) Il exclude i

Pi + dp(i-2) 11 include i

Max Weight Independent Set (treel

Input: tree & Cu
,
wa

,
children I

Output: [pi-max ,
au enidexos Kombos u

,
dar Emejoresa naudia zou

Dynamic Programming: dp(u](yes/no] : Satan avon me si xuxis kopbou
1

.Axikonoinon: V guddo (U
,
Wu

.
0) : dp(u)(yes) = Wu

. dp(ul(no)=
2. Avadoomri : dp(u)(yes] = Wu + Frechildren dp(v)(no)

dp(u)(no] = Zuechiedren max (dp(v/(no]
,

dp(v)(yes)]
3. Final Result : max[dpCroot)(yes) , dpCroot](not



Partitioning Sequence Problem
Input: a = 191

, ...,
and, 17

Output : Gamepiopio de l unal was va adaxioonomo zo mesioo uno-adposoma

Dynamic Programming dp(i)(m) : mejioo adosioa dia Moixia [An...

ail Kan m diamapical
i

1
. apxikonoinon: dp(i)(m)=0

,
dp(i)(1] = Zi= a;, dp(o)(m)= O

YC
. avadouri. for (p=0 to i-2) left-part=dp(pC(m-2) dpCi)(m)min(dpCilmt

,right)right-part = Iphaj
3

.
final result: dp(n)(k]

Grayaddajni
Input : a=&(ai

,
fil

,
K

Output : Gagos Kougniou me la, ...,
b) Koufinia - Sia ifi

damepiquos voe va Edaxizionasizas no ouvodiko bapos koumnicir

Dynamic Programming dp(i)(m] : Exaxioo ourod Sapos diaa
...

dis kon m damepios
1

. apxikonoinon: dpli)(m)=0
,

dp(i)(1)=jfi
,

dp(o)(m)= O

2
. avadpouri : for (p=0 to i-1) dp(i)(m) = min &dp(i)(m)

,
dp(p)(m-1] + Zjph (j- p)fj)

3. final result : dp(n)(k)

Chem

Input : Nousies
,

K piades
,

Afil(j) Kocros zonop i
,junvidiaQuan

Output: zonojezhon pe min avodiko Koro

Dynamic Programming : dp(i)(k): zonos outer [1
...
is 83 k quades

1
. apxikonoinon: dp(o)(0) = 0 dp(o)(k) = 2

2. for (j= 2 to i) dp(i7(m)= min [dp(i)(m), dp(j)(k-1) + cost(jt((i))
3

.

final result : dp(n)(k)

Ynodogiques cost: for (i=1toN) for (i= itoN) cost(i)(j)= cost(i)(j-1)+Ip A(p](j)

Revellion

Input: [Chilli
,

K : max naridos azopcr ava opada

Output : Megioronoinon avod evaux - suruxia ouadas di.
.. j) =maxthli

...j)
Dynamic Programming : dplil alon La cizopa [1...

il

1. Aoxikonoinon: dp(o)= 0

2. Avadoomri : for (j=1 to k) dpli)= max(dp(i) , dp(i-j] + j.max[hCi-jt1 ...

i234
3. Final result : dpfu)



Line Market

Input naridos Kazaanpatur N . Giacripa M
,

&(si
,
fil

Output : Region staxion anocaon perati duo Kazaanpecial
- av jupiJoupes oujkepipin B , propose va Edestore au divas durazo va

zonojrendour ea kazacerimaza de authi env anocaon - neobanga anogaons

1
. binary search no (1

,
2)

,
L = I(fici) - OCMlogL)

mid=
leftright2

greedy zonocahon Kazace Me anogach mid &givezal-best-dist-mid ,
left-midth

du sirzial-right: mid-1

2.return best distance

Bicriteria MST

Input : [(Ui
,
Vi

, pi ,

Willi
Output : Edaxioo Gevapo Me max pi kal minzwi ~maxZPi = a

Mosbanpa betaconoinons-anogaons Zwi

[pi/Iwi ? ] = Epi-dEwi20 = Elpi-dwi) 10 - maxa

1. mid =
(low +high) /2

2
.

V edge Cu
,
V

,

W
,p) adjweight p-midtw

3
.

MST = Kruskal Me Soon adj weight - OCM.logM) . OClog percision)
4. if (total

- adj.sum (MST)20) low-mid

elsehigh midloops via oudhakamen akiaa
S

. avakazadeun diviou Ms low



Bottleneck Shortest Path

Input : GIV
,
El ME Soon 03 akMes

Outpat: St povoncia, onou Edaxio bados akpris divan Maficio durazo

Binary Search Go Cleft
, right) = (min(u)

, max(w))
While Cleftright) mid-Cleftright)/2 - BF) movos acques Imid BFS : OCUTEL

if (7 setMovonaz) best-mid, left = mid + 1 Zivodo: 0((V+E) · logn)
return best else right-mid-1

Max-flow

Input : G(V
,
E) Me XWonzikoenza CCUV) dus alques

Output: S-t max flow
Kazaokzuri residual graph: V edge CuI ME flow flui
- unod Xwouz: residual-graph (u)(v)= c (u

,
v)-flu,

- avacpopes akpss: residual-graph(v) (u)= fu,
v

Oo + enaut Movonca:

argumentingPath = BFS(G1
,
St) - OCEtl [uvodo :O(Ett ·maxflow

min-capacity = min capacity of edge Gf in path
max-flow t = min- capacity
Enurowon Gf: (jia Kate eluv) no path)

- residual. graph(u)(v) - = min-capacity
- residual

- graph(v)(u)+=min-capacity
Return max-flow

Stable Marriage Problem
Input : M=ma

...
Mul Emi : dicra nporperior suvakuir me par sepa

W= SWI
...
Wn] Y Wi : diora notperior avolir meO Japa

6
O

e &

S ⑧ t
⑧ ① ①

⑧ ⑳

+ + + Mi

& ·

Wi



& 3-SAT noolduma e NP

? 3Dimensional Matching Endopria auons) nobuor xpovos& Set Cover Edejxos avons

M = NP E, Mr E COND neobangae NP-complete
MENP

7 avajrujh and juwco NP-complete per noduwr Xo
SAT : -NP-complete
Jojikti noozaon o of CNF

.

Eivain o Ikavonoiroimn ;

Kukdos Hamilton [p TSP ME anoo 1 Kau 2-TSP(1
,
2)

klikdos Hamilton TSP (1
,
2)

G(V
,
El (X2

...
xn)

,
d(xi

,X])t(1,2) - bajouned(xi
,
Xi) = 1

,
+exi

,Xj)S
EXE TO G Kikdo 7 TSP regio Me 2,)e(Xi,Xj)
Hamilton ? Mnicos = (target-vall

Eicuidos nou nequcis un

ano Kade Kopuer Locomotion Suvatri diadoori
akpibuis 1 popa nou Enlokenzezai 1popa kade notn

kal Enlocpigt, ou apxlkri

· Vertex Cover : Gurado Kopupir Oncu Kade alun Exa zoud sua alpo ens cas kopupa
Independent Set : oodo Koou our xpis Kamia alpuri mizati cous

Clique: Givodo Kopupur, no divasdes jazovas Merati zou ava duo

0 O ⑧
G: Vertex cover <K

0 O
G
⑧

T
G : independent setzn-k

G : clique In-k

00 ⑳
K-SAT : Jogin neotaon o 03k-CNF : 0= G 1

...
NCm

,
C= litV

...
Vlik

,
lijtXa,X2

, . . .,
Xn,xn)

Javation upWV vOLE OE SAT = KaOE G true = zoud 1 lij true


