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more complexity: mergesort
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Upper bound on T'(n) — bwary 7
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recurrence for MergeSort
MergeSort(A,b,e):
Cv if b == e: return> Saw Wﬂ“ \°'7 ?

C= m=(b+e) /2 /{“\
ﬂﬂj\fﬂ&l\ ol

T(ffi'[) MergeSort (A,b,m)
# merge sorted A[b..m] and A[m+1..e] back into A[b..e]

T( %)) MergeSort(A,m+1,e)

ca" — for i in [b,...,el: B[i] = A[i]
(MS-W( =b ch
d = m+1
c)wu
Cp-w for in [b,...,e]: w:j
%‘”‘/' if d > e or (c <= m and B[c] < B[d]): 5"_[
s A[i] = Blc] -z
c=c¢+1
else: # d <= e and (c > m or Bl[c] >= B[d])
A[i] = BI[d]

-
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m (repeated substitution) _9
wu LAMAM Wl‘:"' " ’ Aﬂm]?
(2% } t+ 2 L

T(n)=2T(n/2)+n
T(n) = T(a\ = n
= 2 (2T “)*1 DI T
;2 e ;ig\’r;z = [l
= Z(AT()7
TR v 3T v ‘()1;&7
° " : 1\ (5~
© it happers o) PO
2
e (G A5
—-\_/—/‘* H'ij\ ’_M.%M *\’O‘-V\

= n¢
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. . - C Nz |
Prove th 1s non-decreasing | = z h
U’% + T(L_ /zl)
_n 4+ n

T
hé”\J/ﬂZ:L /]
AN n
A 12 §nn

See Course Notes, Lemma 3.6 Exercise: Prove the recurrence
for binary search is non-decreasing

A
Ty =l e

Y
\»cim} T
)

A T8 [ ORE N P (tn)
whs < TE) sendaihed iy
c7 ARDY o (0
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Prove T € O(nlgn) for general case

A
T(n) = T(fn/21)+fr( nf2])+n UL W

'?k‘/k &__ 7_+< 'DLM AGTR* ] ya’

Peek %N f——"‘)i""eé oku«i‘im,\/&
eN, nz B n’_})n ;. T
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General case D+C il fwllm/l ) \o

- bt '7 M‘W"C«%
- daS&S"L -
o r
Class of algorithms: partition problem into b roughly equal
subproblems, solve, and recombine:

T(n) = k ifn<B
aT([n/b]) + @2 T(|n/b)) + f(n) ifn> B

where B,k >0, ai,ap > 0,and a = a1 + a2 > 0. f(n) is the
cost of splitting and recombining. W\[/.w f’”?n
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Master Theorem A/{ Sod ]
B’ ne(y M Q= \D
a = 1"\, !
v =

o( Ogn) if @ = b4

o(nst) fita> b
s

M”Fo\’w 4 6(n) if a < b?
T(n) €

= Jj h jwlw,t;j.

|d...‘



Proof sketch

1. Unwind the recurrence, and prove a result for n = b*

2. Prove that T is non-decreasing

3. Extend to all n, similar to MergeSort
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