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L@ set your “number” to one

—

@ greet a neighbor (pause if odd person out)

@ if you are older, give your “number” to young and sit
if you are younger, add “numbers”

6 it you are standing & you have a neighbor, goto 3



sta:nd siet greiet sit;add repieat

how fast does it work:
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sta:nd siet greiet sit;add repieat

how fast does it work:

z n time to finish for a room of size n



stand  set greet sit;agd repeat

1 A

e —

how fast does it work:

I'(n)=1+1+T([n/2
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recurrence”?

T(n)="T(
T(1) = 3

) + 2



solve a simpler case when n is a power of 2.
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“Intuition here”

= O(legln),




Asymptotic notation

O (f) at most within const of f  for large n
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Asymptotic notation

O (f) at most within const of f  for large n



asymptotic notation

O (f) at most within const of f  for large n

Q (f at least within const of f ~ for large n
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1 recurrence
relations

XH oW to solve
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Viultiplication
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(n-1)(n+1) 4




(n-1)(n+1) 4




(n-1)(n+1) 4




(n-1)(n+1) 4



(n-1)(n+1) +
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a b C d
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a b C d

ac100” + (ad + bc)100 + bd



*

a b C d

ac100” + (ad + bc)100 + bd

437 3
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b C d




= TCM Yy pose. Coje S QVQ:SG%-
Compute(xy= Mult(a,c) ot 2 T Aigd pombes T2 -
mpute y = Mult(a,d) 7 Ny
-Compute z = Mult(b,c) T< )
mpute w = Mult(b,d)
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T(n)=4T(n/2) + 30(n)




calculations:
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Karatsuba
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Karatsuba

*

a b C d

| 7 (/8|9

ac100” + (ad + bc)100 + bd

(a4 b)(c+d) =ac+ ad + bc + bd
ad + bc = (a+b)(c+d) —ac — bd



Karatsupa algorithm




Karatsupa algorithm

| 7 (/8|9 | 4 3 2

*

a b C d

Recursively compute

€) ac,bd, (a+b)(c +d)
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Karatsupa algorithm
*

| 7 (/8|9 | 4 3 2

a b C d

Recursively compute

€ ac,bd, (a+ b)(c+d)
@) od+bc=(a+b)(c+d)—ac—bd




Karatsuba algorithm ¢,
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a b C d

| 7 (/8|9 | 4 3 2

Recursively compute

€ cc.bd (a+b)(ctd) — 7 ST
@ ad +bc = (a+b)(c+d) — ac — bd —
® ac1007 A (ad + b¢)1004 bd —
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Karatsupa algorithm
*

a b C d

| 7 (/8|9 | 4 3 2

Recursively compute

€ ac,bd, (a+ b)(c+d) 3T(n/2) +20(n)
@ ad 4+ bc = (a+ b)(c + d) — ac — bd 20(n)
® ac100” + (ad + bec)100 + bd 20(m)




Karatsupa algorithm







calculations:
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calculations:



T(n)=3T(n/2)+60(n)
O(TLIOgQ (3)>



T(n)=3T(n/2)+60(n)
O(nlogQ(S))N O(n1'589)
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simpler proof technigue”



1 induction redux

classic
goal: porove that some property P(K) is true for all k

Vk, P(k) holds



@ onelong proof...

classic
goal: porove that some property P(K) is true for all k

Vk, P(k) holds



@  induction redux
Ckl)%ssseiccase: P ( 1)
classic P(1)
i][gggtive -+ true iImplies P ( ]{j —|— 1) true

P(k)



®  induction redux
asymptotic style

base Case:P (’]’L* )
o P(n*) .
iInductive step: . true implies P(kj —|— ]_ ) true

P(k)




Simp\er prOOf (guess +chK
T'(n) =3T(n/2)+60(n)



T( ) — ST(TL/Q) E 60( ) (Quess +chk)

want to show: (n) = O(n'°87)
property: T( ) < n'°&23 — g’y
base case:  (handled by constants d’ and d”)

iInductive step:



simpler prooft



http://www.drblank.com/law301.jpog




merge-sort (A, p,r)
f p<r

q— |(p+71)/2]
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rge-sort (4,p, q)
fge-SOrt (Aa q T 17 T)
ge(4,p,q,7)

MERGE(A[L .. n],m):

t+—1; 3e=m+1
fork — 1ton
if j >n
Blk] — Afi]; i —i+1
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else if i > m O
Blk] — Alj]; j—i+171&
else if A[i] < A[j] D
Blk] — Afi]; i —i+1 e
else <))
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fork — 1ton
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T(n)=2T(n/2) +n



T(n)=2T(n/2) +n

prove:

nypothesis:
Dase case:

iInductive step:



COOKDOOK

1 Spice Market, Vong, and 66

JEAN-GEORGES

s 2 A
VONGERICHTEN

eIBuiIOO3
elBulli2004




T(n) =aT(n/b) + f(n)
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example: T(n) =4T(n/2) +n



T(n) = f(n) +af (5

case 1 (cont):




