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Exact Pattern Matching w/ Z-algorithm

Pattern, P Text, T
Naive =~ O(|P||T|) Z-Algorithm ~ (| P| + | T|)

Find instancesof Pin T

‘instances’: An exact, full length copy




Why continue?

The Z-algorithm is:

The Z-algorithmis: O(| P| + | T'|) time

— Gl ghnt
An alphabet-independent solution & &7 "

l
The Z-algorithm is less good at: P\ g Pd. P39
Searching for a set of patterns (Aho—Corasick)X May L(P.),

/

Running in sub-linear* time (Boyer-Moore) _/~

IS

* — in practice, not theory




Exact pattern matching w/ Boyer-Moore @

Boyer Moore preprocesses the pattern
Some of *\Fﬂ ot /56’0/ ch Tool

Mol o
Preprocess T ,
~ O(|P|) J %37L(f,/ (-1 P’C'(‘L-'fe)
__——

Boyer-Moore ~ O(|P |+ |T])

N

Find instances of Pin T

‘instances’: An exact, full length copy




Boyer-Moore Z’Alﬂ Lear,,f,,.j Fem Tt = Speed up PP}

Intuition: Learn from alignments to avoid others Boyer Mool
P:cat 'OGI'(S ql‘\ Cu it
Yo S)(? ‘F(,\'UIP
Ilrcarl carried the cat wO/}/
Ca t ------------------------------- * \

0123456789..

What does this alignment tell us?



Boyer-Moore

Intuition: Learn from alignments to avoid others
P-cat

T-carl carried the cat
Cat r=--me-mccccecccccc s e e e a >

0123456789..

What does this alignment tell us?

1) Our pattern doesn’t match at this alignment

C r‘ ° 1.7 °
" Thereis no
cart ‘cat’!



Boyer-Moore

Intuition: Learn from alignments to avoid others
P-cat

T-carl carried the cat
CaQtl mremcccce e e e e e e e e e e .- = =

0123456789..

What does this alignment tell us?




Boyer-Moore

Intuition: Learn from alignments to avoid others \ /
R) I P a\\gw) L
. gM Says See R 7 .
P: cat C/_ © ia Stter, = sk
T'ca@®l carried the cat TS
Catr==mrmeeccccccccsccc e s e e e S
cat skip!
~
kip!
cat sk

What does this alignment tell us?

2) Our pattern doesn’t match at /ater alignments

canr . L.
T Thereisnor'in
cat ‘cat’!

)



Boyer-Moore

Intuition: Learn from alignments to avoid others
P-word

T:There would have been a

©123456789..




Boyer-Moore

Intuition: Learn from alignments to avoid others
P-word

I:There wo@ld have been a
--------- WOPrd =====-scccccaacnnnana-
©123456789..

How many alignments can we skip?




Boyer-Moore

Intuition: Learn from alignments to avoid others
P-word

I:There would have been a

©123456789..

How many alignments can we skip?

1) Our pattern doesn’t match at this alignment




Boyer-Moore

Intuition: Learn from alignments to avoid others
P-word

T:-There would have been a

©123456789..

How many alignments can we skip? 2

2) Our pattern doesn’t match at /ater alignments

k \’?[ljl T There is no‘u’in
P: ‘>’<"9r‘d ‘word'!



Boyer-Moore

Intuition: Learn from alignments to avoid others

P: word

V%
IrThere wouhd have been a
-------- WOrd =seeeccccccccnccncany
wolrd skip!
wlo rd skip!
word
How many alignments can we skip? 2

2) Our pattern doesn’t match at /ater alignments



Boyer-Moore

Intuition: Learn from alignments to avoid others
P-TAGAC

FGTAGA(&GCTGATCGAGTAGCGGCG

= TAGA\C)=====m=mmmmmmmmmaemaaas
7,

How many alignments can we skip?




Boyer-Moore

Intuition: Learn from alignments to avoid others

P:TAGAC
T:GTAGA@GGCTGATCGAGTAGCGGCG
= TAGA(C ======ssss-ccccccccccncnnn- >
-
How many alignments can we skip? 3

TAGAT ~__ TherelSaTin
TAGAC TAGAC'



Boyer-Moore

Intuition: Learn from alignments to avoid others
P-TAGAC

TGTAGATGGCTGATCGAGTAGCGGCG

- TAGAC =======mcccceccecccceaaa- >
TAGAC skip!
TAGAC skip!
TAGAC skip!
@AGAC

How many alignments can we skip? 3

TAGAT ~__ TherelSaTin
TAGAC TAGAC'



Boyer-Moore

Intuition: Learn from alignments to avoid others
P:AABBB
I:AAABABAAAAAAAAAAAAAAAAAA

How many alignments can we skip?




Boyer-Moore

Intuition: Learn from alignments to avoid others

P-AABBB
I:AAABABAAAAAAAAAAAAAAAAAA
=AABBB ========ssecccccccncnannn- >
—
How many alignments can we skip? 1

'
é’_A‘EQB - TherelSanAin



Boyer-Moore

Intuition: Learn from alignments to avoid others

P:AABBB
I:-AAABABAAAAAAAAAAAAAAAAAA
=AABBB ============sccccccccecc===- >
AABBB skip!
AABBB the ﬁrst match we encounter!
TT
T‘V’Q fis o bl
How many alignments can we skip? 1
AnRBB
'y AABAB ~__ TherelSanAin
Tllnfs (omsg AABBB ‘AAABB’!

| et



Boyer-Moore: Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character.

£

T ITCITGCTACCTTTTGCGCGCGCGCGGAA
P: ITTTGC

ﬁﬁ

C
C

—
(

Step 1:

n’\—l—l

C




Boyer-Moore: Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character.

CTT@TGCTACCTTTTGCGCGCGCGCGGAA
TGC

I C
Step 1: RC@IL




Boyer-Moore: Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character.

Step 1: T:CCTT@TGCTACCTTTTGCGCGCGCGCGGAA
RC@IL TGC Case (a)
Step 2 T.‘CCT@)CTGCTACCTTTTGCGCGCGCGCGGAA
P pnxx CCTTTTGC
T™




Boyer-Moore: Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character.

Step 1- TCCTT@TGCTACCTTTTGCGCGCGCGCGGAA
Pl pcOTTTTGC -
€ ase (a)
Step 2: T'CCT@CTGCTACCTTTTGCGCGCGCGCGGAA
P2 p T CCTTTTGC




Boyer-Moore: Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character.

Step1.T:CCTT@TGCTACCTTTTGCGCGCGCGCGGAA
P-CCITTTTGC Case (a)
St 2.T:CCI@C"GCTACCTTTTGCGCGCGCGCGGAA
P p. T CCTTTTGC
RN Case (b)
cren3. FCCTIC(MGCTACCTTTTGCGCGCGCGCGGAA
P23 p. TCTTTTGC



Boyer-Moore: Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character. (c) If no mismatch, don't skip

i

Step1:T:CCTT@TGCTACCTTTTGCGCGCGCGCGGAA
PCCITTTTGC Case (a)
. T:CCTMCTGCTACCTTTTGCGCGCGCGCGGAA

P2 b T T CTTTTGC
L Case (b)
Step3:ECCT:I‘:E@_(FS_(I;_'IF'?E((:ITTTTGCGCGCGCGCGGAA
. RN Case (b)
(etc)
ton7: FCCTTCTGCTACCTTTTGCGCGCGCGCGGAA
PP CCTTTTGC Case (¢)




Boyer-Moore: Bad Character rule @

Step1: L CCTT[ETGCTACCTTTTGCGCGCGCGCGGAA
P ccTTITGC
CCTTTTGC i
CCTTTTGC P
cteny. T CCTNCTGCTACCTTTTGCGCGCGCGCGGAA
PP CTTTTGC
CCTTTTGC skipnothing?
AN
e
Step3: T CCTT%QGC"ACCTTTTGCGCGCGCGCGGAA
P: CIUTTTTGC
CCTTTTGC  skip!




Boyer-Moore: Bad Character rule ?.é’f"lil
% T3

Which of the following alignments skips the most?
Join Code: 225

I: TATAT.. I: TTGAT..

A) B) O
P: TAGAC 1 P TAGAC
7 )
T TAGTT..
D) A}
P: TAGAC

2




Boyer-Moore: Bad Character rule improvement
Gh projos

Continue to test alignment from left-to-right hew A ey, &
\ . 'W"Jl

P-TAGAC

T'GTAGATGGCTGATCGAGTAGCGGCG
= TAGA|C[=======mmmmmmmemmaceanan >

& Cl'\C-/L«(Iﬁ;5 ot -?nb of S’\‘,f,\y (e most

Wbl ® (Peteally |




Boyer-Moore: Bad Character rule improvement

Continue to test alignment from left-to-right
... but compare characters from right to left.

Q¥ RTAGAé//3”>+l+@+-“\

T I GTAGATGGCTGATCGAGTAGCGGCG




Right-to-left-scanning w/ BC Rule

P: word

I:There would have been a




Right-to-left-scanning w/ BC Rule

P:word
I:There wolulld have been a
--------- wor R L L L L
( .....
T: woul "~
P: word There is no’l'in

‘word’!



Right-to-left-scanning w/ BC Rule

P: word
T:There would have been a
--------- WOPrd ====cccccccccccccaaay»
* ......
T: woul "~
P: word There is no’l'in

‘word’!

How many alignments do we skip?




Right-to-left-scanning w/ BC Rule

P: word

T:There would have been a

How many alignments do we skip? 3



Right-to-left-scanning w/ BC Rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character. (c) If no mismatch, don't skip

———x &—

ctep 1. FCCTTCTGCTACCTTTTGCGCGCGCGCGGAA
PEpccTTTTIGC




Right-to-left-scanning w/ BC Rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character. (c) If no mismatch, don't skip

Step 1: I'CCTTIC)TGCTACCTTTTGCGCGCGCGCGEGGAA
P: C©IL<-T-@-C Case (a)
Step 2: Z;C

CTTCTGCTACCTTTTGCGCGCGCGCGGAA
CCTTTTGC
7(

skip S # of chedvs b b kf



Right-to-left-scanning w/ BC Rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character. (c) If no mismatch, don't skip

Step 1: ICCTTIC)TGCTACCTTTTGCGCGCGEGCGECGEGAA
P: C©IL<-T-@-C Case (a)
Step 2: T'CCfI_iTC"GCT CCTTTTGCGCGCGEGCGEGCGGAA
P2 p. v CTTTTGEC
e — - Case (b)
Step 3: TCCTTC'GCTACCTTTTGCGCGCGCGCGGAA
P CCTTTTGC



Right-to-left-scanning w/ BC Rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or
(b) P moves past mismatched character. (c) If no mismatch, don't skip

Step 1: £EC$$ ¥ggTACCTTTTGCGCGCGCGCGGAA
©\/‘<"" Case (a)

Step 2: Z)"CC:T(T:((E:(TEE@CC:CTTTTGCGCGCGCGCGGAA
" - Case (b)

Step 3: ;CCTTC' GCTAggiiliggGCGCGCGCGGAA
€nmmmmmmm——- Case (c)

Step 4: TCCTTCTGCTACCTTTTGC@CGCGCGCGGAA
P: CCTTTTIGC Case ()




Right-to-left-scanning w/ BC Rule

ctep 1. T CCTTCTGCTACCTTTTGCGCGCGCGCGGAA
Pl p ccTTTTGC
ctepy. T? CCTTCTGCTACCTTTTGCGCGCGCGCGGAA
< p. CCTTTTGC
QO r 3340 ¢ Y7 9lo
ctep3. 0 CCTTCTGCTACCTTTTGCGCGCGCGCGGAA
PP CCTTTTGC

Up to step 3, we skipped 8 alignments
CCTTCTGCTAC

5 characters in T were never looked at

CCTTCTGCTAC
- —




Learn from character comparisons to skip pointless alignments

Right-to-left-scanning w/ BC Rule @
—

1.When we hit a mismatch ¢, move P along until ¢ “Bad character rule”
becomes a match (or P moves past ¢) /

2. Try alignments in one direction, but do characte
comparisons in opposite direction

“Right-to-left
scanning”

How do we put the first two rules in practice?

Boyer, RS and Moore, JS. "A fast string searching algorithm." Communications of the ACM 20.10 (1977): 762-772.



Exact pattern matching w/ Boyer-Moore

Boyer Moore preprocesses the pattern X The O\P)Wl)f L
P //

Preprocess T
~ O(|P])
Boyer-Moore =~ O(|P|+ |T|)

Find instances of Pin T

‘instances’: An exact, full length copy




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwo args: P: TCGC 2:ACGT

The goal is to produce a table which tracks skips

— 52

T|C| G| C




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwo args: P: TCGC 2:ACGT

The goal is to produce a table which tracks skips

Qy.pQ Pos/tla  1a  qathsa PRI
P«

T[C[G QT 2221222222

A =4 P:(TIcGC
Sk
Teet 2 2 et ( prutuay, )

T i} ]
- AL A ‘W!‘Q_



Boyer-Moore: BC rule preprocessing

Preprocessing requirestwo args: P: TCGC 2:ACGT

The goal is to produce a table which tracks skips

P

T| C| G| C J: ?2?22T2?2222?22?°?
P:TICGC
XX

\_

= Q| N| >




Boyer-Moore: BC rule preprocessing %;’Iﬁuﬁ

Preprocessing requirestwo args: P: TCGC 2:ACGT Join Code: 225

The goal is to produce a table which tracks skips o ) Aex

p Ths 5 S'Pe;.ﬂ ¢ metdnrs ¢

T’;’ ~~
s Tlcla6[(c)]] T222ab22222
ﬁdJ(g\‘“«@ S o PiTCGC,
Q
( C 1 TCeR X

T 2 |3 T[Ce X

X Y Z T(6C




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwo args: P: TCGC 2:ACGT

The goal is to produce a table which tracks skips

P

T |1 C| G| C J: PP?P2AR??2?2??°
3 FP: TCGC

= Q| N| >




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwo args: P: TCGC 2:ACGT

The goal is to produce a table which tracks skips

2G p T 22A222222°?
S Alol 11213 ]| T 220222222
CoP s o e P TCGC -
e > Sl A N Ths (s Ad A ~Ehdi
GAo | 1| -[o| T2rcr22222 ,
T -|o|1 ]2 PTcacC —
T-22T222222
P- TCGC




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwoargs: P: BABAAAB 2: AB

Pattern

B|l|A|[B|A|[A]A]|B




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwoargs: P: BABAAAB 2: AB
For each character p in pattern P O()H ’ ]§-D

For each character c in alphabet 2 '
'-J_/ d(')

—

Find the closest previous instance of p (to the left of ¢).

——

Pattern

B|l|A|[B|A|[A]A]|B

Alo|-1}
2
B | -1.] ©




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwoargs: P: BABAAAB 2: AB

For each character p in pattern P

For each character c in alphabet 2

Find the closest previous instance of p (to the left of ¢).

“— Pattern - n7
B|A[BJA|A]|A|B —~AAE
RABMA®
Ado|-1]ofa|-l|]
2
B [-1|0 |-

PEE




Boyer-Moore: BC rule preprocessing

Preprocessing requirestwoargs: P: BABAAAB 2: AB

For each character p in pattern P

For each character c in alphabet 2

Find the closest previous instance of p (to the left of ¢).
Pattern

B|l|A|[B|A|[A]A]|B

Al O [ -1 O | -11]-11]-+-1 0




Assignment 4: a_bmoore @

Learning Objective:
Implement preprocessing of patterns with Boyer-Moore*

Observe Boyer-Moore* efficiency as a heuristic

Consider: Optimal preprocessing BNH( |P||2]).Can you code it?

—_—




Boyer-Moore: Using the BC Table

Try alignments from left-to-right and match characters from right-to-left

—

When we encounter a mismatch, skip the calculated number of alignments

P
T C G @ T.‘TTTTTTTTT
A 0 1 2 3 P.’TCG
C 0 0 _ 3( T¢c ¢ C
)3 < T<ce6cC
G| O 1 - 0 @
0 | 1|2y

O(l) ’wk“‘F :,\ a +6r3>]2




Boyer-Moore: Using the BC Table

Try alignments from left-to-right and match characters from right-to-left

When we encounter a mismatch, skip the calculated number of alignments

P
T[C[G[(CJ)] T GGGGGGGGGG
A 0 1 7 3 P: TCGC
&/
i Cl o 0
@0 1]-]0
T 01112




Boyer-Moore: Using the BC Table

Try alignments from left-to-right and match characters from right-to-left

When we encounter a mismatch, skip the calculated number of alignments

P
T [ c @] C T: ANT)CAATAGC
A 0 1 7 3 P: TCGC
7
: cClo 0| -
G|lo|[1]-1]0
()| - [0 |12




Boyer-Moore: Tracking total skips 5-%"’%
%

P

A

P

-1

Ag
-1

0

S

)

T- BIB'B ) Join Code: 225
| A ;

o A S,



Boyer-Moore: Tracking total skips
B B ’ :L g 7l< IF DA y

A

P T: BB
AlATA A 44
A—

A -11-1T]1-1

Z1301(23

/\c)'f (e (/al.c) AT

Cont U le aware of €37e (e
L> éa\y (0\/\/\} VG\‘-b m\\‘ywm?g \/VL}( \/‘ ON é](:??pb




Assignment 4: a_bmoore

Learning Objective:
Implement preprocessing of patterns with Boyer-Moore*

Observe Boyer-Moore* efficiency as a heuristic

>
Consider: Our Boyer-Moore is\theoretically sI@han Z-algorithm.

But is it slower in practice? What is our total character comparisons?




A complete bonus lecture!




A better Boyer-Moore

Learn from character comparisons to skip pointless alignments

1.When we hit a mismatch ¢, move P along until ¢

“Bad character rule”
becomes a match (or P moves past ¢)

2.Try alignments in one direction, but do character “Right-to-left
comparisons in opposite direction scanning”

sthis O(| P+ T])? Y

Boyer, RS and Moore, JS. "A fast string searching algorithm." Communications of the ACM 20.10 (1977): 762-772.



Worst-Case Bad Character rule

Upon mismatch, skip alignments until (a) mismatch becomes a match, or (b) P moves past
mismatched character. (c) If there was no mismatch, don't skip

I: AAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Step 1: P: AAA Case (c)
. ase (c
— Barer Mopre Cles Le/q
Step 2: T AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
) p: AAA Case (c)
Step 3 T AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
e .
P P: AAA Case (c)
Step 4 T- AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
ep 4:

P: AAA Case (c)

(etc)

Using just bad character, O(| P || T|)



A better Boyer-Moore

The complete Boyer-Moore algorithm, with all refinements, is

O(|P|+|T|).

Refinements include:

- "strong" good suffix rule
- Galil rule

We will be covering the ‘weak’ good suffix rule

/-\

If interested in refinements, see Gusfield textbook (syllabus)
or contact me for details




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P ACATAC

T TACAGR CIATACATGACAGTGACCA
=
“ACATAC '============mmmccomoonos

What does this alignment tell us?

Caokt for e e Ga oy peter




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P ACATAC

T:TACAGACATACATGACAGTGACCA
"ACATAC '"""""mmmmmmmsmsmsmmmmmmemes >

We only want to look at alignments that are at least as good as
our current alignment




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P ACATAC

T'TACAGACATACATGACAGTGACCA
'@ATAC """"""""""""" >

What does partial match (the suffix'AC’) tell us?

Any alignment that overlaps this region of the text must match the
suffix! So we can look for another ‘AC’ somewhere in the pattern!




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P ACATAC

T:TACAGACATACATGACAGTGACCA

"ACATAC '"""""=mm=mommsmsmmmmmmemes >
ACATAC X
ACATAC KX

ACATAC ¥
ACATAC

Any alignment that overlaps this region of the text must match the
suffix! So we can look for another ‘AC’ somewhere in the pattern!




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others

P ACATAC
I:TACAGACATACATGACAGTGACCA
"ACATAC '"""""=mm=mommsmsmmmmmmemes >
ACATAC
How many alignments do we skip? 3

Any alignment that overlaps this region of the text must match the
suffix! So we can look for another ‘AC’ somewhere in the pattern!



“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P: ATC v
I:AGTAGCAGCACAGTAGCAGCTAGA

Any alignment that overlaps this region of the text must match the
suffix! So we can look for another __ C somewhere in the pattern!

How many alignments do we skip? é\




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P: ATC
I:AGTAGCAGCACAGTAGCAGCTAGA

Any alignment that overlaps this region of the text must match the
suffix! So we can look for another C somewhere in the pattern!

How many alignments do we skip? 2




1 1/ o E ..E
Weak" Good Suffix rule fﬁﬁ
[of:
Intuition: Learn from alignments to avoid others Join Code: 225

P. GCAGC

T'AGTIAGCAGCACAGTAGCAGCTAGA
TGQAGC tTTTTmTTmTmmmmsmmmmsemnes >

Any alignment that overlaps this region of the text must match the
suffix! So we can look for another _A&{( somewhere in the pattern!

How many alignments do we skip?



“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P:GCAGC [/

TAGTIAGCAGCACAGTAGCAGCTAGA
""GCAGC """"TTTTTTmmmmmsmssmmmmsses >
G g é i g (>;<)< This is a full length match!
<§c£GCﬂ///
GCAGCX
GCAGC

How many alignments do we skip? D\




“Weak” Good Suffix rule

Intuition: Learn from alignments to avoid others
P: GCAGC

T-AGTIAGCAAGCACAGTAGCAGCTAGA
"GCAGC ""mmmTTTTTTmmmmmssmmmmmses >
GCAGC

Any alignment that overlaps this region of the text must match
the suffix ... or have a prefix-suffix partial match!

T

How many alignments do we skip? &



“Weak” Good Suffix rule @

Let t = longest suffix match at alignment; skip until (a) we find another
instance of t or (b) P moves past t

}. .........

1
I: CGTGCCTACTTACTTACTTACTTACGCGAA

Step 1:
pP:. CTTACTTAC o . o
t occurs in its entirety to the left within P
bommeeennneee t ---------- |
Step 2: I: CGTGCCITACTTACQTTACTTACTTACGCGAA
P CTTACQTTAC
prefix of P matches a suffix of t
Step 3: I: CGTGCCTACTTACTTACTTACTTACGCGAA

CTTACTTAC

An instance of t is either a full match to the left within P
or a prefix of P matches a suffix of t



Boyer-Moore: Putting it together

How to combine bad character and good suffix rules?

T: GTTATAGCTGATCGCGGCGTAGCGGCGAA

P: ‘GTAGCGGCG
~v

How many characters does bad character skip? 2 characters

T ——

T: GTTATAGCTGATCGCGGCGTAGCGGCGAA
P: GTAGCGGCQG

How many characters does good suffix skip? 7 characters

Take the maximum (7)!



Boyer-Moore: Putting it together

Use bad character or good suffix rule, whichever skips more

Step 1: T: GTTATAGCGATCGCGGCGTAGCGGCGAA
P: GAGCGGCG bc:6, 05 0 bad character
=
Step 2: T: GTTATAGCTGAIGCGGCGTAGCGGCGAA
P: GTAG@GGCG bc: 0, gs: 2 good suffix
e
Step 3: T: GTTATAGCT@ATGCGGCGTAGCGGCGAA
p: :“:GTAGCGGCG bc: 2, gs: 7 good suffix
(d'
Step 4: I: GTTATAGCTGATCGCGGCGTAGCGGCGAA
P: GTAGCGGCG




Boyer-Moore: Putting it together AAM g B

11 characters of Qignored completely! g%ﬁ_ﬁ £ A
J

Step 1: T: GTTATAGCTGATCGCGGCGTAGCGGCGAA

"~ P: GTAGCGGCG
Step 2 T: GTTATAGCTGATCGCGGCGTAGCGGCGAA

©op. GTAGCGGCG
Step 3. T GTTATAGCTGATCGCGGCGTAGCGGCGAA

P2 b | GTAGCGGCG
T GTTATAGCTGATCGCGGCGTAGCGGCGAA

Step 4: | P :

p. e GTAGCGGCG

Skipped 15 alignments




Boyer-Moore @

Learn from character comparisons to skip pointless alignments

1.When we hit a mismatch ¢, move P along until ¢

“Bad character rule”
becomes a match (or P moves past ¢)

2. Try alignments in one direction, but do character “Right-to-left
comparisons in opposite direction scanning”

3.When we move P along, make sure characters
that matched in the last alignment also match in “Good suffix rule”
the next alignment

Boyer, RS and Moore, JS. "A fast string searching algorithm." Communications of the ACM 20.10 (1977): 762-772.



