cs 24\ - Ngoﬁthms , S’Yring |7, Ur\‘.verST*é of  Watecbo
Lecture 13 : D\anmm\c F(ojrmvw‘m& on treeg
Co {o& 4l Prob[im& ot we Solusd tu‘uxg d\(()lhoum\g Pfagmmwﬁné hac a * [ine " Sfvuchare

de\qn, we See two mev\flu o«F ms?héa d\ghawﬁc Frngmmmng 4+ Qolve )Drob[lmj with a tYee $Hructure

Independent Set  on tyveec  [opy (7]

Tapuk s A e T= (VB
Ob&?‘ﬂt‘— A mosimum \mokQPzr\duﬁ et SSV ), where o ubset 9{' verbiag SeV Tg om Tnokszgr\oK@rﬂL

et \\% LA\/A;E ‘Eﬁ‘( all wveS ondk  our Obj\etﬁ\/ﬂ. b \Q‘M\ an \IH(J\LPQnOLUVf &d‘ Df MexXimum Cmo{ihm.((f—j.

ANN ANN | ANN
TOALA ATA T ATA T
AN AN VAN AR

wang o fvee  htvuchuie Sugpects o notural way ™ o ohanmm P”gr“’“m“j’ bg mgindp
Ll Qubbvess vosted ot o vertex  oc g\A\’JP(O\@uMS ond  wiite reewiramG velabem  of o Pomzn%
and  1Ts  children.

Betwally . we have dene this bafove - When we wgm the  lwi] neray e cw?mw‘ng o

et Ve, we  have a\r;@&g done  ome S‘wwt;la O{Snam‘\g Fvcgmmm‘mj o tyees.

;Q VAL A NECS

Tov 2ach vertex U in the tyse , et TV by te 3i3e e% 0 MY mum \H\@)\ZPQV\&/MJY set in the
Qublree  (ooted ot v,

Then  LTCol) s The angwac o the ?YOHQM_

And 1(&20&\:1 afe tle bote Coses

To Covapute TW A on dnternal nede v, we ook et Tts childien and i &mv\ckcmlo(rzh and
considac  two possibilities >

@ Vs in the solution b Then, oll 3ts childten  comnst be put Tn te gelution o a5 etherwice

tha et 1< not Tndependent . \/.,‘"l

Then, +la mﬁrml w&a o axtend tle Povrﬁa\ golubien  Ts to

take tlo b mal <h[u‘h§m ’Q\\/ 2 nach Gfﬂv\/;\(‘,L\:{A /u\ /‘g\ >R M\
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Then, +tha optimal w&a T axtend tle me‘\‘"\a\ golution  Ts o Se )&k

Ve
Take tla cp%mo\\ golutivn ’E\B\/ FT YN grm«okd\?(d\. z)[i

Qo i~ thlg cage, the  Colukion S\%L 3g 1+ = ILW)
\WERW) g(ar\d&‘vt& n{\]

@ Vools vt in tle golwRowt Then o form an OPﬁMml Solutitm , We Gra %u
4o take ovxa M\d\JLPJZ)\Mﬁ.‘ et An ngi\(u& veotad at Tt QL\T(O“(LV\ .
OIT Con(se , The best W ¢ 4o toke D?Hma\ golution ¢ TQW aodh ahilol .

Co o Tn this e | Ha olubionm SCSQ s ) T
waw e ld o'f\/

Thefpe , TG = max | 1% X Twy | S Tw ]

AWERW] .&mwid«\m e{ v U w child a{ N

M %\LM& from  the S\Nsﬁ{?um\m eir tle (renrrane Yelabion andk T nduwctim .

Tire cmP\exTJoa : Thace are gulﬂ)(cumg/ Zoch %wBPmHQW\ oV \(‘l%z/;;rm
OL :ﬁ Q\n\vkd({&v\ A '}Q: g(o\r\dtl«\\(a(lh) kgo\\(u\?g .

~ 3 avx:,\\()\fv\ Y aYen ondpPacen T‘—S g
Wwte that }@T &d&'ckkdwa%ﬁ&v dedat( a)a\{)ﬂ Qiﬁ:?r &%#gc prt‘\ \,g\l >N

lo\& vam'lﬂ\‘/\g e um N o OKT-{::{QLCV\{T \,\)[;LZX (le. etead 9% Q%(DWUFOJWK*CL\\\W\) wie c\n\\krkf(gmwm})amﬁ>

\%\d ﬁ%o{mn W\amw‘wsaﬁmJ tle Hhtal Wme C/m?ux‘mg TS QLwn) .
@w@m IJ[ SL\DVL\d\ \)Q C_RMY \/\6\,\) ‘v dn 1t ‘E\(O\M loaves +o o ru@t-

AH‘Q(Y\O\‘H\/JL Cocurren® velabon :  Tretead o\& erﬂv\S o Yelncrena. (alabom  with  thae &Yamick?[otru,

W Can weite Yt 1n  anotler Woha (o Hoat e eourtzne celoation  Thuolue m(d +le children.
TL\Q Tdoa V¢ 4o wce two gtates '{W v Vertex .
Lot I+Cv) boe *le %351 o*{' A Maximum Ir\o‘\,ongnoun‘{ et with v in tla SDL\A;HWJ onck
et TW be tle SR of o maximum Tndkependest Gt With v onek in the 2olutrom.
Then I\L(U) = 14 X T W and T Q) = b max{ I+Lu>)11v\)?} ‘
KA;KA(‘,L\?(AB’\L\} 7 wree dld a-& J
The  fnal angwee Y\(\O\X"g T Croot ) I»(roo%)ﬁ . and

tle boage Casec arxe IJYUQMC):i Ok Th([,mf):o.

Wo leave tle ’)ugﬁﬁcﬁﬂMg v tlae  Cewrrene  velabwl  a¢ an exerdiie.

Dtﬁlno\m‘\c Drogramming &n tNse-[tke graphg Qopﬁw\a\) LT (04, 16.C)
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Dunamic Dropramming  en  tyse-[ike praphs Qopb‘w\\) LT 0, (6.0

d LI 3 AL

Mm\% O?ﬁm\%q‘ﬁm Pangms oce hard  on gm?kg but &M& e Nees ULSW\AS OA\&V\O\N\L\Q Pfogrammlv\j_

The maximum mou?mxm Cet Pmkow_m ’soan {KGMPLQ , latec we will See whg "t s hard Tn %@MM[»

CTQY\U%\\\ tap tle Toleas wsin AU G miT Y0P fammin b TNl | Tt ¢ $$ible Ay Chow oot
A § pres { P

d\nY\QM\\(‘/ ng(amm‘mé o dvee-like ” ETQF\(\SJ “L&“ éﬁ
A
A

T
Thate s o \,\Jma < o}\lﬁna e Mvee —uaddh ” D}L o gYQFL’ . voousdth 2 recwndth %

Qo ol 1O maeasurc how well a S)ra\)\/\ Can bo \\QFP(DKTN\QTL()\// b\a a Yo,
1’% '%LJL 4~ e - Lo drh Y¢ S\N\OLUE(J ‘tun &d“O\M\\C FYDSYQN\M\IJ'\&D \\g ﬂ_ﬁs‘fzf.

Tt has bowme an Tm?wbnf Pomxdﬁgm +o haal with  hasd P(a\sumg on g\kas, at loact n

(eseasch papacs.

See Lkt 104, m§] f You a(e nterested 1A this approach -

Optimal b-\nan(,lj Cearch tyee T cLRs 15,5

This ?ruHJLm ¢ o itk imilar t  Ths Hwﬁwm ng PV’B‘Q[}.W\/ S@mdﬁng‘?w an oPJﬁ'w\M b\mqrz{ Tree.
Iwg‘wz e {l“ummg Cegnacie ¢ Thate afe n CMMMZX Qrar(hed S‘f\(mgs, Qma Seme  ench Vocolbulavies,

whare  Leers ook toe thair Ey\gl\gk W‘\(’_vaﬂngs.

We  would  like 4o build o &ood dato  Structue 1 Qupport  these %mﬂzg.
And  Lemebow e have dedidad 1 use b}nmn Coatch Voo Lo mentioned  in piaz’a. e Could

TMV\zmeniv o etatyc Oﬁcﬁmavg 10% msmg Pzrfﬂf V\asbﬁnﬂp,

Sine, thete o n S’t\(\m&g , we  wuld build oo balanced b\mﬁa Coatch tvee |, 3% tlalt 2ach quety
Covn bo Answored ug?mg ot most lofn Comparisens.

Rut . Suppose  we knoa that  gome %&v?y\ss afe  Acthedh Mmoo %zwnﬂa +han oblere , con we
wee  thys  Rxtyo ‘w\{r«mﬁﬁw ) vus‘\gn o bhetterc L{w\mz] coarch oo | go Het the O\\/l(c«gb

Numbo ¢ n% m\)m‘\&wg drme. TS YWTMM\\%M\?,

Tnput: n kz&ag ki«ky<o<kn %\'Q%\Aﬂh(,\\}lg o fa Lo with Eﬂ::i

n
Ouﬁ?\ﬁ: [ \o“\y\amé\ Coosn trox T that vw?w\\vw\%d tha o%]ld\‘\/L volug ?: —g\\ d\a\y&l\TLkﬂ.
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Tov xmmle, &\Y\/L\'\ %1: ol {i=o0a jﬁgzb_lg WC%: 6.6 {gie\% )

O‘oiad\\/a volua @
C)/ ’ = 02%x + 0avy + 0y < Oﬂaf&\‘\m volug

+ o x3+ 0.67x3 @ = 0.4x1 4+ o028x2
< < = \ﬁ < \\> + p2x3+ 008 x 3
4 CEEC o

<
é e

A khe above  2Xample  ghown.  2uen thoueh kg hae the h‘\g}f\es& {wz%wmoj, Wols et
necssartly optimal  tv Pt Ko oot tha oot (ot hes the minimum dapth ).

Lo, W s unlike +le Pm\c\x cmd:ng ?%DUEN\, thot kzas have H\g\\u ‘ﬁrz%mndu will have  Smaller
davth  while  keys with  lower %a%wm,‘xqs Wil have imgu dapth .

ThS 16 bocante  We have fv mdintdin the b‘mma Search tvee Stywcture. So that  Smaller
keys have o be put  en the et subber and larger  keys ave to be  on the right

Tln?g CedtichHom turns Btk S be ud&fml n Eﬂ'ﬁng wp +ha  raurence Yelbon -

Recurrenca

The  ubproblem  Shvuchwe ¢ Shgwc\a difforent o thoe that e have  Seen bafore.

et QO,‘J) be the objective volue of on optimal binary taarch dree Ao keye  kyci. < kg
The  answer  thet wa ore Wolng foc s cla,n) .

The bote cages oare COY) = \C] , and COLi-D=0 {m\« \/\ono\[\ng waou«a Cases .

et Ty s Ef e jeil we set Fiiso b hondl boaskery cats.

To Compute Q(Lj), W i\rn all e Poggﬂokz (oot of  the b\wxma search o o

Tor \\SQEE £ wae et kg ke ke e et flen all Reus Ky kg g mwct ba

en tle  ledt Subtrer of tle Yook, ond kgﬂ,..,Kj‘ must be  om the Cight %w\ﬁ\run{fb cost,

The Hwo  Cublvert ars \\V\J\k?m\otln*\‘ 9‘{* 20l ot

/

gb,%u be st Wmﬂ L to {‘mzﬁ\ om bpﬁw\m\ b\v\ma Coasth A~

"{h\/ Koo Ky o e left _ and  an optimal \r.>\v\9~¢a Seacch
e B Ko, K5 en the gt
Tke(a{h‘ft, QC\MJB = min % %K — ﬁ\\/Q/l -+ C(I,i*\} * ?’lﬂ,b\ + CQQ*&E) ’5

L13 Page 4



— Wi N N -
= [ vy« )+ cte )

Note that +he tems T3 g, )F{*\JS ore  oddezd  becaunte ol the kpk&s In Ky

Kpay, oo ky o are put  one level  lowar |, ond the fwo tem¢ accrunt rfw thae Inorste In

tle b(oj&d\\\/z valoe  bacause @fY tlot .

Cocrecknage %‘DL\NS '{\(M “tlee ?Ag{{{—\\udﬁ‘m\ a{ The Yelcturian ‘%\(V‘/\WL"” andk \OJ A uchon

e Cemplexity Thave ave ot wmost gu\foob\zmg, ond 2oth guBPrbUfm (eoks up at

Mmyet n veallwe. o the total Hme WELUWS T< Q(hg) b\% —&g? dmon mamw‘y)h%h\m\.

Bc%mvmp M&wﬁo&\‘w\ Tt cequares Swme Cate o WiRe 3% Qmmo%lu

We will eplve 4l Qu\o?(v\o\ims ikl J*i:l ‘%(ST R S o T S~\\ =2 _ ond go om -

Cliinl=0 g 1<1v< n. // \omm&an& Cases
C/sm,,PVKz \i‘vj %f all a E‘\,Sﬂ n /] con bo dwma in DR Bms msh\& Parﬁa\ Sums .
fn\( 1 <& Wwidth € n-4 do I/ f\mm Shert  antervals 4 \mg Satacvals

’%7\/ A %ﬁ‘m AV N (‘f\ - wWdth ) oo
3: 1wk Qmj“x =00,
{W L %{M T S do

OIS min 4 CED, Fiy o+l # QUM,])]

[N
\/J

Tt e clonr that  tho Yo Complaxity TS O*) sihe there ace  three  for loops-

T o\c‘mg out  <olubion - We \9eave 1t og on Lxecciee  To Pr‘mt out om ep‘ﬁm oul b\\w\fa seocch Ao,
Romarl = T startk oul ol @ EneTe Pmbum, but JL\/uft\AaLLa H esmes  a Fr‘obum sn a (e becauwe
we  have to Caspect ‘e ‘gma e\(o@r‘mg. Tt 3¢ en ‘m&amsl\\‘ng becawme Tt Yo tle {x\m% P(oblem

whlae wae ule C[\\jiml s S%\OPYDUJLMQ
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