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def Reduce(G,s.,t):

!

LQ ‘// ,(G,s,t) is a YES instance of Mod3Path iff (H,s’,t’) is a YES instance of REACHability}
WA

REACH, ( N, <E) Ve i S

Grafn, v wrfier —> YA No No £ o bt
e Inpu and output of Mod3Path ? f o soebnp

e Input and output of Reduce ? %ng&r [WarMALL % M U208y Cg-rmM/\ 5 FwD W/\UA)

W\

e Time complexity of “reduction” ? AR 72 (Glf~ ~ v “ >
Ly i Jorma < ok do vedidee



Reduction (for decision problems)

P®2 (many-one polynomial-time) reductlon of problem P to %)Oi‘%f)\lem Q
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e An algorithm to convert any 1nstance/1n X of P to an 1nstance/1nput Y of Q

e Running time of reduction algorithm : poly(size of X)
e P(X) returns True iff Q(Y) returns True Qa&uvc}nm\ Qomniva
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3SUM reduces to Collinearity

3SUM: Given array A of integers,

does it contain a,b,c whose sum is zero?
COLLINEARITY: Given a set of points
in 2D, does it contain 3 points which lie

on same line?
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Instance of BSUM:FArray A of integers
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def 3SUMtoCOLL-Tryl(A):
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‘ A has a 3SUM solutio S=Reduce(A) has 3 collinear points.\ls this true?
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3SUM reduces to Collinearity

3SUM: Given array A of integers,

does it contain a,b,c whose sum is zero?
COLLINEARITY: Given a set of points
in 2D, does it contain 3 points which lie
on same line?

Instance of 3SUM: Array A of integers

def 3SUMtoCOLL(A):

Return S = [(x,x) : x in A} @ S 1= odmon eallotry | So Il M%Wm
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A has a 3SUM solution iff S=Reduce(A) has 3 collinear points. Is this true? (2, (3,3)%
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® Take oy K wike o wiid 3SUM saludion

a@\oQ €A £ Qo

S o o eints (@) Chy| b)), chcz)

def 3SUMtoCOLL(A): Ck“;”\ ' ;JW \imm . UWV\UN\
Return S = {(x,x°) : x in A] Bx. Boe il - b o Rxb *C=0
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A has a 3SUM solution iff S=Reduce(A) has 3 collinear points. Is this true?
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LIS <LGS Bxerse

LIS(A k): length of the longest increasing subsequence in A has length k

LCS(B,C,m) : length of the longest common subsequence in B and C has length m

def LIStoLCS(A.k):
207

return (B,C,m)

Lemma: LIS(A k) is true if and only if LCS(B,C,m) is true.
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BCOLOR(E): Can G be coloureccljb using at m@st 3 colo\[flrs?
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4COLOR(G): Can G be coloured using at most 4 colours?
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Q: Reduce 3COLOR to 4COLOR. ovkpot of MWW\
def 3COLto4COL(G):

/| Try 1: return G (& lalds | @ doen ol hold,
/| Try V%Q %%L?Er G using 3 colours.-Thenrwhat?-
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Emina: G can be coloured using 3 or less colours iff H=3COLto4COL(G) can be\&

coloured using 4 or less colours.
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