
#call:Decision problem : a BF : f : x -> So , 1)

Pefu : A DP :X- > So , 1) is in the class If

= an algorithm that for every xeX outputs f(x)
in time polynomial in IX1 .

Example : f : IN -> > IN given by fix)
= &1, ifX

is priceset

is in (Agrawal - Kayal-Saxena
-

①



Refu : A DP : X- 50 , 13 is in if F a

verifier VE
and a polynomial P such that

XXEX :

↑ (x) = 1() - witness w with 1w( < p((X)
and V(X

, w) = 1.

Example : Hamiltonicity is in NP.

Refu : A DPfix -> 50 , 13 is in co-if-f +1

ObsCO-N
②



Ref: A DP fix -> 50 , 13 is -hard if
Y
g
: -> 30 ,13 F polynomial time computable

mapping r : + -> X such that Vy

g(y)
= 1( f(r(y)) =

1
.

Defu : -complete =hard

Notknown : N = NP and NP = co- NP.

③



CO-NP .

⑳
NP NP-hard

G



HSCANNING ALGORITHM (GSA)

#put : A graph 6 and se V(6)
.

Set i = 0
, Rj

= <5) , Q55) and To : = p ,
((s) = 0

While Qua ,
do :

I
choose ve Q ; and set vi = v

2

If ReN(V) #0 ,
then

3
choose we re NIV).

4 set RIFRSwS , QQuSwS and T : = ToUEvwS
,
NW) =

i+ 1

E I Else
,
set Rit = Ri , Qi+= Qp(SV) and Ti+i = To

l(V) + 1
.

6 it i + 1.
.

Output : (Ri , Ti) . ⑧



Theorem : The GSA outputs a spanning tree of
the connected component

of 6 containing s . d

#aim1 : Qi[Ri[Rit[VI6) and TiTitIEE(6) Vi.

roof : induction
lines 4 and5

Claim2 : The algorithm works correctly.

↳roof : 2) 191-1Ril < 2/Qitil-(Ritil 2 v(6) ·

-

&aim 3: (Ri ,Tp) is a tree Vi.

#roof : True for i =
0. Suppose (Ri-1 ,Ti-1) is a tree and

Qi-1 #* for some
: I.

⑤



# GSA runs line 4
,
(Ri ,TP)=Ri

-
connected acyclic

·
-> S

, (RisTi) = (ri- ,Ti-1) -

↓roof of
thm : H : = (R ,TS = output of GSA

Cg = connected component of s in 6 .

Claims 1 -3- RECs

GOAL : CsER.

Suppose for contradiction that
F we CsIR.

yER
P = s-w path =New

so X-R ⑪



= i stri+= Rpugx]· Qi+ 1
= QUEX) .

As GSA stops, 7 T sta
+

= p .

=> =J such that Qj = Qj1SX) .

As this can only happen in line 5, we must have

RjN() = p = (y)[N(X)[RgER ,

a contradiction. -

Running time of GSA
= 0 (n · m).

⑧


