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CHECK PROCEDURE:

RANDOMLY PICK §O MATCHES AND LIGHT THEM

IF ONE FAILS, REJECT THE BOX.

IF ALL SUCCEED, ACCEPT IT.



PR THAT TEST FAILS

THREE CASES TO CONSIDER:
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PR OF DEATH:

9.91165302141833906737674969688360149
5412210270643283767892785256889073029
997327393587632943101698342E-30



PR OF DEATH:

9.91165302141833906737674969688360149
5412210270643283767892785256889073029
997327393587632943101698342E-30

PR OF ROYAL FLUSH:

1.53908E-6
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PR THAT YOU...

AGE IN 1990 ToraL U.S. WHITE MALE WHITE FEMALE BLACK MALE BLACK FEMALE
20 0.102% 0.128%0  0.045% 0307%  0.074%
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FINGERPRINTING
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FINGERPRINTING
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IF A=B, THEN /\ ho

FINGERPRINTING

ot

COMPARE WITH B mod p
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COMPARE WITH B mod p
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NUMBER OF PRIMES
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NUMBER OF PRIMES () - 4

THERE ARE CERTAINLY INFINITELY MANY
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LEMMA: # OF PRIME DIVISORS OF X < LOG(X)
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PR OF FALSE MATCH: “
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EXAMPLE PARAMS

RANDOMLY PICK 64BIT PRIME P

SEND P, A mod p

>

COMPARE wiTH B mod p




PATTERN

Ve [ox

STRING MATCHING

CORPUS

A squabble between a group fighting spam and a Dutch
company that hosts Web sites said to be sending spam has
escalated into one of the largest computer attacks on the
Internet, causing widespread congestion and jamming
crucial infrastructure around the world. Millions of
ordinary Internet users have experienced delays 1in
services like Netflix or could not reach a particular Web
R
site for a short time.

However, for the Internet engineers who run the global

network the problem is more worrisome. The attacks are
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STRING MATCHING

PATTERN CORPUS



OCw )

BRUTE FORCE:

STRING MATCHING
On)

for (int 1 = 0, j=0; 1 < n-m; 1i++) {
while (3 < m && t[i+3] == p[3]) { J++; }
1f (J == m) return 1;

J

return -1;
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SIMPLE ALGORITHM

BRUTE FORCE WORST CASE:



KMP ALGORITHM
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ABCDABCDABCDEFH
ABCDABHI
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KMP ALGORITHM

ABCDABCDABCDEFH
ABCDABHI



SLIDING RULE

GIVEN THAT P[1....Q] MATCHES T [M+1...M+Q], BUT A MISMATCH OCCURS AT Q+I, THEN:

TEXT



SLIDING RULE

GIVEN THAT P[1....Q] MATCHES T [M+1...M+Q], BUT A MISMATCH OCCURS AT Q+I, THEN:

—

FIND THE LONGEST PREFIX OF P[I...Q] THAT IS ALSO A SUFFIX OFMJ

) _

SLIDE SO THAT P[I...P] MATCHES T [1-P+1,...]
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. NEW IDEA FOR STRING MATCH
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STRING MATCHING

PICK RANDOM T-BIT PRIME
- —>

COMPUTE PATTERN MOD PRIME ( A \fcg O \f) @AJ[\ t\&f~>

FOR I=I...N
S

PE— \ L
COMPUTE NEXT CORPUS MOD PRIME @b]ﬂ SRS f( M/Ar\ Y N o U
COMPARE, OUTPUT MATCH IF SAME

S\TJ»\»5 oA Jiw) Of

3T 2C V7

——

P



PICK AN 80O-BIT PRIME P

WHAT IS THE PROBABILITY OF A MISMATCH AT THE FIRST POSITION?

—7

(/L% Pais Cr:fv\/eg_
1 Ji e gm"Hff/\ CS af s72e W LIS

QCLH“(/\ \/\05 LA F(l/\/\{ J;VTSM'




PR OF ANY MISMATCH.:



STRING MATCHING

PICK RANDOM T-BIT PRIME
COMPUTE PATTERN MOD PRIME

FOR I=I...N

COMPUTE NEXT CORPUS MOD PRIME
COMPARE, OUTPUT MATCH IF SAME



STRING MATCHING EXAMPLE

PATTERN TEXT

26535  [31415/92653589793123127398
{\/\chkg
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PATTERN

26535

STRING MATCHING EXAMPLE

TEXT

3041592653589793123127398
T

Given that 31415 mod 13 = 7,
How can | compute 14159 mod 18? g
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STRING MATCHING EXAMPLE

PATTERN TEXT

26535 [301415092653589793123127398

14159 =



STRING MATCHING

PICK RANDOM T-BIT PRIME

COMPUTE PATTERN MOD PRIME

——

FOR I=I...N

COMPUTE NEXT CORPUS MOD PRIME JQ %\ J
C /el oo™
COMPARE, OUTPUT MATCH IF SAME @ C ( > v (7 9 f



FIRST EXAMPLE— 7




GOAL:

DEVISE A RELIABLE METHOD FOR NODES TO SEND MESSAGE
TO THE SERVER WITH AS LITTLE COORDINATION AS POSSIBLE.



FIRST EXAMPLE




SIMPLE ALGORITHM

(AT TIME T, FLIP A COIN THAT IS HEADS WITH PR —

n

IF HEADS, THEN BROADCAST. IF SUCCESS, THEN STOP.

ELSE WAIT AND TRY AGAIN.
REPEAT CNL1Og " TIMES



ANALYZE THE SIMPLE ALGORITHM









FACT: IF f(n) = (1—l>n THEN

n



FACT: IF

f(n)

n
> THEN
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NODE 7 SUCCEEDS IN SENDING AT TIME ¢

b
n



FAILURE



FAILURE

Fl 1 — NODE 7 FAILS TO SEND AT TIMES 1,2,...,{

Pr(F; ] = /\ Pr(S; ;]

=1



FAILURE

Fl 1 — NODE 7 FAILS TO SEND AT TIMES 1,2,...,{

Pr[Fi,t] — /\ Pr[Si,j] - n;c:] Pr[si,j]

=1
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A PriSy] — Tt
jl = ﬂj;] Pr[si,j]

=1

PT[Fi,t]



FAILURE

FaL + —— NODE % FAILS TO SEND AT TIMES 1,2,...,¢
Q

Pr[Fi,t] = /\ Pr[si,j] — ﬂ;c:] Pr[si,j]
j=1

FOR t=0(nlnn)

PriF ¢/ =n""



ALL FAIL



ALL FAIL

Ft —— SOME NODE 7 FAILS TO SEND AT TIMES 1,2,...,1

PriF] = \/ Pr{F; ]
i—1



ALL FAIL

Ft —— SOME NODE 7 FAILS TO SEND AT TIMES 1,2,...,1

\/Pr 1t Si lt]gzn—c
1=1 1=1



SUMMARY
1

AT TIME T, FLIP A COIN THAT IS HEADS WITH PR —
n

IF HEADS, THEN BROADCAST. IF SUCCESS, THEN STOP.

ELSE WAIT AND TRY AGAIN.
REPEAT () (m In n )TIMES

WITH PROBABILITY

EVERY NODE SUCCEEDS IN SENDING MESSAGE.



TOOLS WE USED

1 n
ANALYSIS OF 1] — —
n

PROBABILITY THAT MANY INDEPENDENT EVENTS ALL OCCUR:

PROBABILITY THAT ONE OUT OF N EVENTS OCCURS:



SECOND EXAMPLE:

MEDIAN
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seLect (i, A1, ..., nl)
PICK FIRST ELEMENT
PARTITION LIST ABOUT THIS ONE
IF PIVOT IS POSITION §, RETURN PIVOT
ELSE IF PIVOT IS IN POSITION >4  seLecT (7, A[l,...,p —1])

ELSE SELECT ((Z — P — 1), A[p —|— ]., « .. ,’TL])



PROBLEM: WHAT IF WE ALWAYS PICK BAD PARTITIONS?




“mB[lw“v[n/E)”

SELECT (|n/5]/2,B[1,...,[n/5|]) ~-_
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A NICE PROPERTY OF OUR PARTITION

3 _%[n/ﬂ_ 9

3N
10
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THIS IMPLIES THERE ARE . '\._,: . .
AT MOST n NUMBERS

6
10

LARGER THAN Yy
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“.“..“.“.;.“..“.

seLect (4, All, ..., n])

prvoT = parTITION (All,...,n|)
IF PIVOT IS POSITION §, RETURN PIVOT
ELSE IF PIVOT IS IN POSITION >4  seLecT (7, A[l,...,p —1])

ELSE SELECT ((Z — P — 1), A[p —|— 1, « .. ,n])

S(n)=5S({n/5]) 4+ O(n)+ S(7n/10 + 6)

O(n)




“.“...““.;........

RANDOMIZEDSELECT (4, Al1,...,n|)

PICK RANDOM PARTITION ELEMENT

PARTITION LIST ABOUT THIS ONE

IF PIVOT IS POSITION %, RETURN PIVOT

ELSE IF PIVOT IS IN POSITION >4 SELECT (7, A[1,...,p — 1])

ELSE SELECT ((@'—p—l),A[p—l—l,...,n])



RUNNING TIME ANALYSIS

RECURSIVE CALLS



PHASES
O
O )




PHASES

ALGORITHM IS IN PHASE ] IF

3 )
SIZE OF INPUT LIST IS < (Z n



RANDOMIZEDSELECT (1, A[1,...,n])

PICK RANDOM PARTITION ELEMENT
PARTITION LIST ABOUT THIS ONE




X)- —NUMBER OF

STEPS IN PHASE ]

E[X;] =



X)- NUMBER OF

STEPS IN PHASE ]

EDX;l =) j-PrlX; =j
j=0
Pr(X; =1] =



LINEARITY OF EXPECTATION

VXY, E[X+Y]=E[X]+E]Y]



EXPECTED RUNNING TIME

EX] =



