Qe

Errata 'Kﬂ' Chapter 7, pages 1-22.

page A7 .é ?i,rs" Lol lina oF 'l'tx'\'“_ “Also, we add o VeETEX . .
poge G ; \‘a@ﬂ linz before Figuae 731 7 locks ke

pege 1% fone 2 “y = QCCEH

"

N

Page 17 'D‘Sncmh{c P"ﬁaﬂmi'lj e uﬂj‘i"’\- 3@ m .

E)(I":D::Yhm:t{%ﬁ-gjwl)+~S(a'r:.‘,gﬁi B,-0)-d, Bffr'{_'J)—Clg

S

-y (PAge {b me\.ﬂ- q ; "‘Fﬂ C.‘JJ} 'Ht_#__f;h‘b ey\c;l mi"'k-,-

. page 'ﬁ; Oome (0 4rom bettom - “and EJ(&‘j) 5 1 ig‘:;{“‘“
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7205 FThe Mm.m."(pok edk graph and dynamic PL".&”M-

| We wont fo adapt The dynamic pmammm:’ﬂg mm'{:kocQ
4o Snd ophimal ofigaments of other types -- locef averlop, ete.
Thase often éﬂms néa_,@;‘?nm% are oflen represeuioel by paths
ool com shad ot other vectiws in the edd graph ; Er
exommple , a local oﬂigﬂnwi:” path can stk ok any vertesx |
(except tha betom . cight verter), Howevec, b s convenienk
for- djv\qm.(c Pmammw{:ﬁ 4o have o0 pa“’hs shnk. ot o common
vertex . We will accomplish  this by addwg o speciatl
shet’ veetex L jo the eddk geaph . By gdol-'ng | |
dicected edges B L Fo selected verties n e '?MQWPLIJ
C"L‘Gﬂ\“-dlﬁj fo tha, 4‘9420 of cx{gﬂm‘{'_, we will be able Eas.;f’a

The Cry?’#”"f"= pmjmmm'uy P”"C'F'Q -1
1§ qLWﬂ%’aﬂ f'-k.a S | Iﬂ_ eack. © x, K

o shnd verbex

'I'a '-"fl.‘ '9:'.,:-_

cono , we defiaa a fonction

F<V) m?-\ o veetites v of ‘:. r ®° " : -
‘*“Q aro.Ph l' Qmaﬂs FCI.) ;D. L"? L] = L] e & #

For each vertex Vv, Dot |
@(v) be Hlo aed 4 o0 verties & such Trat Fha 3«!@.‘?‘: dM

o Wﬁecipef edg.q &v ﬁrpme. o v 3 one cam Fhink ’6 C?ﬁ’)

w tha ael % }:ared&?ce.s..';‘qr.s' a'é v. Let e wat‘dhi of &

be olevotect W{&v). The cynamic. prg:,jmmm]y ﬁ%uaﬂ‘:iﬁ"‘\ .u.,u'” have Fha

form F(v) = mm{ Fled+ W(EY) ; ec (PC‘AS .
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T.2.6. Fiﬂt:ﬁlﬂ' optmall “@C@Q Qlignmev\ﬁ

We add the rS"‘fﬁt':\“ verter 1 de he eolik
graph  ond oMow divedad. vertices ot~ weight O feom.
T 4 evey vectex in the edik geaph. An edge Ffom
T do weetex €i) , when & occuns in & otk has ths
mw’ﬁ_;ﬂa . slath o lecall aQa&MmL padin with & directad
edge frowe €030 1 Wikn this devies, all pakh. repsenting locad

- oRignmands -stank. e L,
Example 7.6 Represenking loced dfgnmads with patiy
stanking fom T

Itee_. L A M A G K P
ST

. _\‘\\\ - - - -_...-‘_._:-'-"—--w Pﬂ.""h I
P * Jt-—-—#}l :\-—-Q‘M' *
H - - g\c » r\- -
K; - - c\-.—-‘ni- '\d
s . . ) -~ - ) . o

ot T
G W P
Foth T re'preaen'\':. the focal a-Q-‘g“‘MV‘i f;: ~ H K .

T4 has  scere .
O+ 5B ~d + 5(KK + 50, £)
shew He Bt 0 i tua weight of Yea cdge fresm (20) +o (3,0),

Patn T repf‘eSenJr's the local al}snMEth, ﬂ : '::.G;

T“\n—- padia Score i O <d + S(HHY +SGA - | ohich s o score o*\c
te local aflignmek .
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We now c\e{:\m b valoe funchion L.
¢y LIDZOo

“ ¢in) Foe each verfex (\'3\ in the E‘dxiﬁﬂpl\

. L(l:ﬂg oxXimum  Scare a4 all Pa:\”-‘l.s 'fr\::.m T
- to  CiL3)

WE MH ql-erive ""\"E cltjnmir., Pr'barqmm;nj e%uo.-\'inn -?n" L_,gu‘u%.
the: edk gmpk For- x.-.:c,.--—a’ﬂ amd  g=9," Ym.
CCase A tu, gy) . The pichre s

- m ow me

-

LD e . .. . . '
S © NN e e
EELFAN \M -d
- ——

i) - C1,4)

Us‘inj Tho dynamic prosmmmlnj reasoning
L(z)+ O
: LGty gD+ SC%i,44)
LGA) = maxy (- —d
Llia-0-d

=mmi 0, LGt §-0esey), LG AN LC‘Q;M*AS
(DPEL )

Srwe FCI) =0,
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Case (i) 120, 4=0
Tko. ,om;{-vre a:ﬁ 1“\9 edgﬂs fEaa’n:? mrtb Cl c;) s
%7
R U
Ci-v, 8\ ~d ¢ ;,u')
CLQR . #his l?af’@ cloas ndz em;ﬂ" f‘ﬁ 20
Than |
. | L(_ ll_,Ch:“ mccx.{ L.(,I\+C\_\ 'I_(f-—\‘g\).-AE ;_r ,;?!
(DPE]ﬂ) { = mcn.;c{o_‘ LC:‘-l,o"}-J,g
L (o, 0y =0
CQM Clil') {:O 37;[ . T‘flm 5 Slwli‘m '{'D fane (llll.)
. . ‘ ol
(Drecy) LoD = maxo, Llad-d{, 321 N e )
: Q“\ L‘d

Agm"\ v +D '?mr.l Y GximUM sing_ggt, paths
Follow c|o&€l; presoption b o gfo%al alyynmauds
olgoeithum, : |
L Sa\va @F‘EL) (DPELQ (DF’EL._, remu:dj £~
‘ L .). f‘ﬂcardmj r]*mcg(aa:‘m
2)  Search tue teble o, values  LCE)  amd Fnd
e veekex (o vertieesy (0¥ ﬁ“) of which LCi,3) aduieues
ibs moaxomwm vellug, Follow traca backs frorn CE',’,J‘) 4o

-Fl;'idl Yio, XMy va“ﬂ Pcr"hs, -T[’KM@- Pn‘l"l‘l.:." ‘“EP"'E&EV‘.:L +he

moxpmum 5 caring locall n[ignm-eu\:‘ﬁi.
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Remecks
1, Tb o« be:-qssdmeci. et  Sla@d 70 for any Loltan whang,

fstaef s shstihbon mothix |

Suppam it o lefer im fhe sepuenca P

wiakches o leter n Y= YooY “Than i+ could be possitl
Frat every [ocal clignmonl.  has nergaiwe score. . Houweuver, tha
c._Qﬂori"l"nM Pmpospn[‘nbwe bassel on Q:)FEL-P) ~ CDF’EL__A will

not Pick out any ﬂ.pgaiiuf.. Smémjg ‘lamg o-Qianmmi,ﬁ, T stead
we will gsk L =0 for each (i) omd eoch patia

qj;‘ ha _'E-“‘m « L

- 0
-
~

—

X

2L

mnsia‘ﬁiﬁtg’ ona direclod edgen S T 4o G,4) will be optimall.
But Puo pathe oloes vet gie trua local ailgjnmd,. 56 lhe
o.\aqri-l"\'m will not work £ a2l real  loced oﬂ:ﬂnmm hawe nﬂ\cra.‘kwﬁ

score, However we nmd ack worey  abedd tie cosn in preadhicd. Tuo

pa-zy. Fm‘:te«;ﬁ .‘:Ef)ueum GAp Muly 1‘0 have amind acids m comamon amel Jf
fuoy do nol we are }cvafxté{yno{ whireglocd m %AU fo abps fhom.

2. I't ™oy be that  the G—Qﬁhmaui/ IML&!&I’I '%1 Hais a_aapr'lm_
13 & a.f.plmﬂ Q.Q‘M_; fud v Floe mas be a.&fag'uﬂ aﬂg'nm-l"
twhose Store (3 btag,e.a '{:km —Hm.it "() ma PrD(EM fbcn-Q QDiJnMAiD.

J. Ih Prqr;;l'lmJ we clo nOJf' -EXP["C‘-}-O"?f 1;1c.[uc1.ﬂ_ & e
T M Pe‘-&r""'",‘j 119 aﬂaari'ﬂ.ﬁw, aor do we efrael m e

'{'mr_aioacte mk:w:_}_. raon-niﬁ 4 1 . Thia c...n'!/ ba. r//us#rﬁeé’ E..:\,
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H The ‘c{'jn.mm'c‘ pr?_gmmmmj Egm‘llfpm G‘;)PELt\ annd @FEL)S
Jead o Yo folbwing result foc arg oo segooncs
el -, and g2 : ,

[ (0,)=0 otgem

L{ie)=0 O eTEv

T other worelt, whan ﬁf/:ry i The fabbe b L. velmaa
we fuond Al:qa#s;

- I‘ I:_ IS IH
’ r O o O o - (_"_’:)
4 |o
g1 -

T‘m.:; i easy fo see; \We bwow [{og)=0. So, acurcl»;g"‘b

e
L(d,0) = maxfo L(c@-a\z = wmax]0,-df =0

L (2,6) = wax f0,LLLe)-d]- mex] g-d{ =0
ete,

a.-xJ. L(O, () = wax {Da L_(qo\wcll = Vhaxx{ o,d}.—.c
 feom GPEL L(o,2) = maxio, LlgN-d} 20
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ﬂw}n(ﬁ‘) i clomy a loced af:;?nmewt, e CaM a[wtﬁ#d legen by “
ﬁ?"“G’tﬁ;‘?j Q_% i e 0P prow amal 0% o fumn, The face backs A
be 4o I amcl ate amibed ;a5 will be saan in the exompll.
I < ample 1.7 Usting. T sobstihdion wmetaix S cﬂml:ww.w(
o~ page 19 in Examnle 7.5, fiel The maximum Seacing Lol
oDigmmmank  Uedwena, 2= ARQCCDN  amd  y = ACCA
Use el= 6, “
me remank 4 we kwow  L(ie) =0 armel L(Q,'g";-.o
for all | and 5. We cam ren fmd LCLD, 7!
(he next cow in Tha do oy uoing (DPEL{)

MARE v'nax§ O L.(,0) + stAAY), LLOW =6, L("")'é;
o tm&v{ﬁd 0+5, o-émej:S' |

L (2.0)= mm,c[ o, L{vo) eseamy, (L N -b, LCZJQ“).,E}M
oo [0, 045, 576, =6]=5

We enter trose valuos tn e Foble | g,;i']”lq e, -Hlaulaeluc,lg..f, mJL
the rEmﬁi.ﬂ‘-‘r\j values A{) L s row 1, ohich tho veadu thadd ‘Verhcy.
A A Q C C D N

o O O O o 0 Q O
A55K5\5 o O ) o O
C ©
(-_E.;,'

Q o

Nobieo '\‘kd" - we deo neT draw hratebackes feom e O Eﬂjﬂg
verdtees '!‘0 T Ty ane lmp(l:;:\ﬂ'-‘ wndowrkod:.
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Tha \Ja.!bun:. o) L e o seeand 0w o ca..QcJJﬂt'J H’mrs-ucfhj

4 §O L G-y, 1)+ Ste,y;), LC N-6, G- lz}"d

LCl.|'2~)-.‘ L

[:‘;'F GXMQQ

L (D) swax{ 0 L)+ $(R,0), LD -6, L(qz)-(:]
s mox{ 0, O -1, 56, 0-64

- 0 Lr'v-\ This cant "KQ brae back % #u 1 dm:‘
i5omi Hed)

WE mnﬁﬂde w Tl Mani2d  afrodl rowkd amd  downa c:ofUn'\ﬂS_

The fal resalt G

A A @ Cc ¢ D N

D O o) Q O V) O

A o\s‘\ O c O O )

c\ LS N N
C o o 2 13 (3 &— 7T &1
C o © o i 5 2eé=~ 200 1
Ay r T
G © © o T q 26 ¢ 20

The \mg.e.s’c valus of, L in o fable v 26

omd is acheved ot (5)3) e~d ol (6 ) . Tracw bachs

-f-mm e|+hm- ot -I‘kose -l—wo verfiws gxut QP"F\.\M_QG locall a.Q.‘Jan««ﬁ
Tn noxt hwo tables we cirde each oF fhote aQ.gnmm.}zx

A A @ c C © N
C*J & s o o o o © o
O
A O 5@\ 5-\ Laxl _ e ° The &Local a,\v'gn'rﬂc-{,t
e O O b 2 13~ 31 circled hano i
- h ﬂ\“ \\Q 204 | Cc
¢ o @ o \5 Zey4- 20 14 e C
o 'x & FN
a o O 7 49 25 26 <20
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hane “w c ¢ M
c ¢ Q

Cc.\r\c.\usfdl";', \I\JE 'pmcl 'l'tnb QP""\MG.Q [oca@. aﬂiaﬂmm, %i J M-Q

CeN cadn with a score of 26,
Ceoe. o )

7.2.71 Funeing  ophimal overlap alignments

P —————r—

Reeall that an oveclap Q,Q,\"gnmevxi Pa'l:"f\ must stk
on the dop row e o JeHt wmast column. To hemdle

s we allow divecled edges Reown e Cshad, verbex T

only Jo verhicss of Hha top 0w or lebt ot colomn 3

:-t oo . - - -_ -
2] ~ --.__.m___ ot ﬂr-‘ - “y
£ W - T e~ u-,*‘-}

‘\1- s -~ - .

\1\ - - - - oI -

. Y

L5 \\ ‘\b-"

v -

\ N

SN ‘j” Ve

N\
Y ¥
Ay
.
u ¥
= o

Buk m :?olgcs from verkx T do ofhan vertime cn alligre &

(annmk-h Yad  om- edge fom verex T b f:‘a‘\ﬂ otma
"S*in/vh"‘»? & pn‘d\""\ o C;,\ED; so this is he eorredd iay k procm&_
o thak alﬁgnmﬂiﬁ Al Bminoed Eg pa"rff\ss&nr‘h'rg ok, verdex 1
will shat fom tha dop row of lelt mart calomn ’)

Tho locad aligumad, crclod
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e

\/\Je. C.IKEQM-L A
MC(T)=0
lhs s—hr-l’u}t‘_? :ﬁmm. verhex

Mff,;j\ ﬁ.e makimuMm  Scafe. ug' all s
_.L a.nek Evtd';lj ﬂ.;t Ct‘a\

‘T\r\.n dgﬂmﬁt\:ﬁ proar‘aMM\.ﬂg E%uﬁ}llbﬂi GAL now C‘d.ﬁa +U d.erNP-.
Cui0), l':x;e::J of  Ha -l-apmua“l' row  and fea

Foe  dha ugr-Hm-
‘Q‘Hmuﬁjf‘ mlum'\. , fhe gifuation 1

verfces (‘3933 3 - 3 0, n? Fhs
exaajf\g e sawe as  thal o, cases () amd (1) on page 26 for-

locedl alignweiks, Thahre @QPELL) and (DPEL,), with L
L-P.Fr:? d‘epfm_fwt bg M_j are valid For M alie . We cam
'l"kMAAFDFE; co.""lﬂ:l.ulbi.ﬂ 'ﬁfd‘l‘h ‘h\ﬂ Mmﬂgslﬂ O'f? [ﬂCA.Q C\-Qt;?nm.n«j:n 'hkn:t
MCo) =0 , 120, omd M(ge)=0, g20. Thus for dhe
overlap q\;anmil a,gar;!ﬂm one com staet (’5' plac.ivuj 6% i
-lbpwms'!‘ ros  ard left west coluvwn.
“-nqwfé‘rﬁ, for nVEf“EX Ci,j} c.mtk V2l andk ‘i‘?,DJ
Ha pictine. of  edges leading inko (,3) i
€=y, =i
YD
“““M’i-é
oy " .
(in, ) - ¢ia)
a.qf-l\ou{' ’JH"LQ ds'rfc't.c’ C‘ﬂlg.i’ frm VEIILW I 'fﬂ {-;,JJ . 7-L\M':‘.) EMQ%
Yoo Sama pichus, thal oecuned for clowy &b&ﬂ ygawanta. Hena Tha
dgnm:‘:. p‘ﬂt:?rdmm}cja ezua{'im (3
M (R = mosd MEt g+ 5Ci g , MOyg) -4y MO =\
| ( OPED)
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}A qom'H'Lm fof‘ ™M AaXimom Smrmq ouer‘ap dl;qnmﬂ,ﬂxs
Salve -IE:::F M(llaw O*ISV\J Q"-Ai‘.m ur.-.u'ly @F’ED-}
omd  Mio)F M(o,4) =0 for o0 3 nmla, Reeord traceloacles

&&vgnm-evut must end, o a vertexr of hotoun
Eﬂxq.mwu_, 'b'\-ﬂ valua &

4.

2, A"ﬂ c:n'u.’r‘np
wale o ;Fl“SMMQQT Ca‘um.n.,

M(n,q)
M (a0

M La,3)

Miom) =~ Ml - M) MCam)

! , AR 1 P lan'}hbw\. Toes ML ru'skkwwsi" column m-rﬁ ﬁnlm.l. the
| Moaximizes M Dmong 00f hase vollues.

verkex which,
Tha '\'mmbﬁ.dvt. E«-m Hiose vertices \.LR!:MIP_*. :!"\n.n best

oveclop afign monl .
ExﬁmPle. 7.8 We Per?nrm T oVEr‘[Gp oﬂam-&m -Ec:-r ta Seguoneg
pr ol AACQ Lol VEN ﬁMoL 3 ACCCQ USM\ in Excwnpl'l’_ '71.7 mwlcml” MSMS

The ccadon shodd dere the cesuld as an exercise
A Q C C. D N

A
‘Dr.\\ 5&—\‘?\ r\ ‘\ R\

RARTRSATR

o N SR \zé-—ef-‘ﬂ
R\ R\TR\ R\

o 15‘25*:-"144-3—\3

R 'R “r 1 ¢
H‘E 1 515:—3\:%

A
C
-
G & - 3 28

I

We lhave umcﬂ.m[m.ncl e maxmom valwe 245 schieved in the

boldlam rowd amd riq‘[d:-mns'!‘ column  gnd crcled the traceback.
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lmh'\s -?'m'm +\f1m VEr"rEX, WE -Cmcl ’}'wD over[&p -g,\fsnwwv.r.ﬁ
Coca with Sesre 251

(Hﬂ-)@"’- e D (N (m AG

713 Rgf.e;i ma‘\'¢L\ mﬁ,\fﬂv\mﬂ'\tﬁ .

Fiest . we need do complete tha desouption a-P a Seosing e Thaod,
o reped wiakeh Cl.ﬂ:\..'ahm.a,ldﬁ, We wish o avoid wany svnalfl
segmait wmadchos . For dia recasm , W€ umpese penqﬂi\.!m‘ﬁ =T
on  endwy o mateh { T70) ., Thia wuawm an edge A fu -\-312:2 ”
(in,d)

i
has  weight =T, A (7!
"T'k.e Eclgzs aluna g top row . s Mumm, .
C'J.J-) (.»'*'\,j‘)' ‘

g{” wm .‘oe{um uma{‘dr\ml s\,\lqseawmwha r{) a0, Lg - Fn amdl
receive O ue.'{r{d'.,
Frollly , o edge 5 €9
LD

o hich H-:wﬁ a new malch ale recdves wE‘s’gﬂi‘C)
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£ xamele 7-._:7_" Rotorn o Fhe r--eFuza.‘f wiafela a.[d‘gnmldi r/()

Example 73 . It is Sraplucl o EaHomrf page 11,
+Hao Jru,qh we cam reqal of f Hee score (a;m'u ua}aj - o

Frn‘w\
e gup perallty)

O+ SO 1 SAA + sCee —T

eT +0 O + 5CAA) -d+5(6,6) - T,

« 0 + SCHH) +S(ﬂ,A)-.-'3. 'ﬂ-S(R.F‘)
&

BJ icao Hhe c-\-i:jnm-\rr, prodra.mm'm? wiatod, shoddd (e
clear. We weile fuo dynamic mogq,Mtlw‘? earual‘i‘m £~
K (o,0) = ©
20 .
l?(fij)-: maxmymy Stofs ﬁ'ph f"é.p_pa.}‘ Mc.:"tl\ Pm’r{ft'h SL:.,‘_-';M?
ok (0,6 omd ending ok Ci 7).

l We gk
) R(a,1)=0 for ol g»e. ‘
i 1-|I,q'jD ¢ ;Jt?)

RC:—!JQ} & —— oy

For 121,
- . -7
Ci A RCI_,-'-*D: YNax RCi,D) =T Ci-yg) ‘;/'
| R.C;J T'-L} -7 ('."',TJ . »
RCGmM-T ;
C:'l_lhﬁ-

¢iin) F-:pr C.‘Jd} , EANEER

R(I_,{Q = Max{R(?JcﬁJ E(i-l)a-:)JuaC:c;,m}) R(.""a;ﬂ 4 R({:ﬂf‘}' “LE .
(peri)
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T sz&onm 5. |
0 Computa RG”D for o0 eafiusa | .l“c-[..twt';t? .(nH,c;].
 and rewrd Jracebacles
7). Follew hrncsloatles Lo Cnre) b (o,0) to fiad a vmaximom
seecing repsed wedkeln o.\{c?nwmu.t,

A wor ked exo.mp,& will ke given ™ e exercises.

2:”_:5 An  (dbbeeviaael amd o campleﬂ\*t.\ treckmant o] atline
gap pzm.QﬂM
We promised W e whoduchon fo disand the mﬂﬂé |
a\,g-.m, gop ponalkies . However, n o jntomest o‘() dee | wor will
g0 backe o aua word, We will émﬂ‘ show how Po clynamic
‘praammumiy watned cam be applied H dorwe amga.ﬂgor-M
for 8loba.Q. aLawwwmiﬁ - By sun G.ngrﬂ’lm will st e e
e wost effcont ona ~- clever d.clﬂ.'a"'n'm "t) tha wmeflhod
\md + \;JLM Q_QBMQ'\'MM;‘: Our purpose Fun ong mosf'iy ,g,ednd.ags“caﬁ.
(T costvichon to global aligwais s act  importend, Tt
wathed cam be  extondsed o othor aigumud types following ta
idoos o, secion 7.2.) |
Rewmember fhat for e ebbine gep peﬂn_d,tj metlod
e S-P.L Fm,m\-é’tm& drevo ond qive o SEuInee 0’6 d
. canseevhie ,&lt'ﬁ‘ﬂm‘w%u feftor witn = JP megj{t'
-d "@.“)e« .

* See.“ ‘;DurEmJ Ey’.ﬁl‘j‘ Kfﬁl’\_; fw{{'tk;;iio"\_.) E;n[ﬂ.‘ckﬂ S_oi&%ﬂ_ lqn%:d‘
(an'aljf Chiv., Bress ‘H‘?S’J cl\afafaq_')__
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Q.I‘DC;"'IQB . C'k‘}

-Liuulure, cobribdey  Say) - {_d*(g-t\ﬂl + Saﬂ,j{a,) b

overalll swve, | .

To handle Mas we will add divecfod edgas te ta
edit: am,ph to re,p;mmui, a Sequomce 4, censecotive gops amd 3‘.&@_,
"h‘.ﬂ-: Edg,ﬁ."j &PFJLDpr;aJ_Q ME;@m. Fﬁ" E‘_xq,wpd.ﬁ.; “‘b I"llwd..o-ﬂ-« J'MI'\.Q..
wanks  shown in (8 we would vie edgos oo Fllows

$e3
| o =N T X b
S:(E,HIB — T - d-_ (8 —\\ e‘"
| 1 \’ﬂ""fd;-_ © me e P o
Xﬁ-— 5 (b, y.)
‘j‘:.‘ l e - P © | - - |

"Thao we ¢Qeaw horizontal edges Fhot ka;ui_ b a vertex
colomns  oven o repusent acqﬁford ﬁfuﬂc?, Lelana
Following thu idsa. we deaw a pretwe show'mj s
4 ceddocessocs A oveckw €i3) that we vow meludas in the

ravised edf. graph,

. ‘ : - T {,n\
- C "J‘,}-l
FRY) ,
? - (-‘J a"E
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