@,

\ \ I
\ Yy Mg\ ‘ \ \ \
LWL \ X \ \ \ \ { \ i |

ONIT -V BACKTRACKING S PRANCH AND.

. BOUND.
LBackvacking! :L&d)ﬁ’se‘ra_l melhod Q{Jp"i?cbﬁm -
S —Queen pvoblern, Cum '0f' Subgosty, ; afa_P}L |
Coloﬁnca » Hamttonian \cHde,g,.- SN St
BTC&ncf ‘ C‘md \ Bound —~I'}61‘Qm'@;ra, . mo;thp'c{ ; APP‘?CC\T;BM,
= TTQV?J‘?‘FH Qﬂllg Pevlon, ‘oll WLPM\ 'P'U‘DEI%\
~HC Branch and  Bound Solulilon. , F1Fo Branck,

QhC\ BDLU)‘A SQLM‘

SOy W G b
BACKTRACKING
é;fENEE,/C)L MEWDD: oI ~ ‘ oy
—?r&@c/chcfcfmg Ay enel of the mack Fenexal
T@Ohnf’% A L L B

"&/ N m TQCAD?%Q, 5 DO, £gq;r(‘j’) for #’52, TQQ;t
Of setutiony C(ov) opfima| solutien ohich
Latiaffes Cormeo Conslrainfs.\ v\

- Bhe. oy of _¢ol\,rf’n(7 a . pvoblers g | b
exhawstive. Seaxch, we epwmexale, all pocsiy
selutiony and See wh ch i P?fDa[wceA He

]

opTimuwm ~reswlt - FTHE | \)
| / g | | A1 AR TR T v
For exam ple :'Knafzgac/c‘ problerms. | |
~ We_ look at  eves Po,gzs?b\@ Subgett Db(r’e,c:&
and $tnd out ene which has the a\“(éal,@t
Prodle Nodue. and at the @ame Itme i not
qreader han the wefght bound. [

! {
| Ao T | |




&

> Packacking & a Vasdalion of Q'xfxwaf"ve,
Sea~ch, u,)fw':r The. Seaxch .2 e ,,on ba
eltminating covlain posifbilris

~ Bac U'tackmg St Muaf/a JM?ZT m@mod ﬁ‘)an_,
e Q';(J)CLLLA [fve -QQC‘—"VCA ' FENNT .

Y.'Dn the backlvracks meﬁim’ gl ,
- The deg fred colution, & e'xf'r@id f)/Q, ag
ant'n' fuw ‘(L C'Lt y Koy ) L»O")Q,TQ/'L"

o theten ,{wm BQMQ/'{&D?TQ/ Lot SF.

9. The colulion maxlrzes Cot) m?n?m;m
Cov) Sc:tbz,g.j a c'o“?Té-rf'ser =l U@JJLQ,L

CC.I”)'X/Q.) o ')Ln_) ‘~| \
= The Pmb!arr) can be- Caj‘o_@m*?zec} ?vn'fb Tfi'm,e,

eaov‘?e/&
|- dor, ﬂlnﬂanaé,, '., i C‘» Loy e

C@n&'ﬁ'm :j'—o*r P‘ et D bg/ #Sg, oy =30 o
\ thTZw)?na CLN .Aaw,t:_an,g SQL&FU ,)a C'Fﬂ’—n

2. Fradin mhe,mm rﬁm,ﬂ ana ;Fecu.:ble,
letuen.‘.-,g, Tha cie,cu&u;npwb!em, Py )

2+ What L the. bast! olition - 21 e
OPﬁm?za“tLgﬂ P’ELOFD'QIT) i o

’Ttw”ﬁ o) all the' feas HQ/SW
o enumeradion, ?'mblam 4




&

7 The basfc Fdea of backlvacking & 1o
bquP, Uf a Veclors, ene c@rnPenen“o'a;b a. Limel
% o fosr whetber the vectos b@,‘?na forwrped
hoy any chance of succest - Y

S The mafov ‘\ad‘\ro.qfaﬁe, of i ‘C?J@‘DT?/B'” z
That we. lan veallze' the Fact Ihat The
RaTral Veclor a%@raj@d doeos not lead To an
Spffma,ﬂ, Solutlen . T cucha <iltualion that
Veclor Can be f?gnow,of-m T |

#mkrvao‘kﬁhg alaovtthm detesmines the
Selution \53 8y cfernatical &;r Searching ' he
Colution epace - Cte, cot of all aCea‘%r ,[?/Q/
Selutions) fov The glven problem.
"VB@G/CTTM%j £ a d e,/)'ﬂ) JC?‘T‘Q’(: fea:trdj'\ r;()?ﬂ‘?
Lome.  bounding’ functien. All coludiens taing
bﬂfckﬁa_ckfng ase 'b’eri/xf"reol 7'\?,3' {-\9@7&?’&3\4& a
Comple. jiekiiah afliContimindes oy i
~7The Conslvainty | rooy be. @%Fl,?a{?-&. Cov) 7P‘§P|”¢7{>
7 Explicit Conglrainty ave wukes,wohich volvict
ea.ch voclory elemont f\‘o be. cheien Frore he
%‘\’\IOA’W Seko . ; | @a&_‘ad‘
S Trplicit m‘f"‘”\x\* QTTQ*.T%T Nt e
Lritne wobseh tuples (Tn the Seludion, spate, -
actaaily Sotisdy’ the Cflexfon Juntlion.
Soeme T@vm?no\o@?ég wed In BQOKTTQCkJZEaZ% o
— &QKTT%KJ{”@ q\aoﬁ ﬂ')m | Adevm?na 'P’h’oblem
‘gw ba&défm e § Sea:r@h‘?na Fov the

Soludiens wﬁna Tree . Shaictuxe.



ﬂ?)

A

|. Peoblem clale -
~Fach node . ?’n The Tme, & called a, wa’eﬂ)

QTOJ‘Q,

2+ Sktfe gpace /-
= All paths :,szrono he voot to other /)oc:[&;

dﬁﬁ*ﬂa the. ,g/taiz, Q}DQ,CQ/ DgC fhz wa/%

|t

LR )

5"["(*139/—'2 IV RO, e T ‘
Sy The <olulion g\’ad'e/_% asre Thote pq—oblo,n\,
S’l'OLT% g Jov twhich the palh from. wost 1o

C\e&u‘,&g GL"—UVP\Q/ m TF,Q/ _Qo\umn, Qpace.

b Solublen dalosi-

> Th Ceme Tfre&e) 7"*)@ lea\f% 0’930702/ 7756

\ Ty "y \ I OSY SR

colutien <lates - O OB PR e

) \

} s ]
PR T ST E LS \,.\\\‘

5 ADSUOP/“( QT&Q& R

-%"’fﬁ%@ ase Tﬁe/ \Q—Q{F hoa[e& wh?ch CDFTQAPond
to &an' element 110 the et gf Solutions, thesel

acel the! etates lewohfch, £a,‘ri’_cf{»j the ?mPhc,/t
CORGFALATL Y i b R e e e P e )

6. 1 3ve hDo\Q/ —~
=~ A noo‘e/ wh Ol') 21 been ‘agn@;(cife&% ancl a_f\

whole ch? \ci«r@n/ have hgj‘b Ldefd been agno,m‘f“ecf
2 ealled fve node.

3. Eapodes~ Lo b a hiosy saipole
Y The 'ltve nhode whode c:h \o\rarb Aite C,u_wg__

-—h’né bmn(c] e-zLPano\eo\ muwt E modg




(5

g ?M hoafe/.'/

S A dead -.noa[e/ 3 A Maraj‘ac} ﬂw;&‘u)[)‘:’cf)
2 het be Q/'x,)oanclzcﬂ fuxthox Cov) all of whose
children have been amefqrgd.

APPLICATIONS,-
[- N Queers Problem.
2 Sum of subsely problom .

> GTTC\PH Co[mrffnd-

He Hares [tontan Cyeles

§-QUEEN PpoBLEM :—
Problern  Staterdont;—

— The n GHeens pwoblemy can be tated as Jollouy
—7‘;C91 27 o5 A SIETS C})%an_rd BN qu'n’cR, e Haufe,
°© place ' Queens . Lo Thot, no Tdoo queens
atdo ¢ e ch:}) 0 Thoxs ba bcﬁna N Hhe Larve yowW
(o) 9y THQ, Lame Column (or) en he Sroo.
Afageral; . -
fFor QJLM/D/Q/ 4 | | |
Cglng?%e:c H—)(H—/ bOQ:FA il

«i;;—_:_f___ : 3! 5 \ \ I 4 K
= [== N R
-

:_'"u,_..:ﬁ | ‘ . : / t QLLO_Qn f °
= la

The next

M

p— 4 ~

-1 u
LA Placed enthy,
Y —«——%—_____Fb\ﬁ:um{kej
|
I
T
|
l

R N bﬂ C{DfTu:l (Pes,

N meﬂ he an]
N | €atlack ead

N
oy othex




&)

2. Queens /)mb/en’) 24 not Solvable
75&6&.&4&@ VL = C?/bLun,g C«':Ln be, /Dl'a.ce.q[ o Q_xg_

<RI R o o B ol Lol v il 8
BL [ @/_,\6?,‘@, | &
?Neﬁaf Fff?a,l | ?”eﬁ 7@/

Put A - %Lﬁzms pwé/arn QD[‘/@H@»

| I&/. — /é' /\Io rwo c;wzzrvs @
& Sl ab&ack, QQC}:-);
(BN NRTH TR "_“ ‘ w@f/’_fa;zrw P

i ] _‘“\"‘-‘
VRS TIE {1 i )¢ B ] £ vkt

‘ (O § " ik \ |
1 | ‘l.h“ frdh ! . ol ‘ ' ALY L ' f
' 1 0y . e R iy
e . A o X i Y SRS LR N
f i } ) B j ‘ [\, '
. ! I \ ‘;mi { N
Ao \ ] !

P

HouD fo ﬁof\/@ in ﬁ/uww ,D'mb/‘?ﬂ’ﬁ .
Lot us fake - qQueens & KRk c%%boa_ml

ﬂfép / — /‘\[Duﬂ u)g/ &Ta}u(; w//75 Qm/éfg Cﬁwéoanf
S’fép o2 i— P/ace, Cf/uzml m Tha UL?’CQ'& PO/S/&/b/Q/

Pg&ai@mgﬁwb& ‘KDLO?Q, 1t w00
ana[ |t cgfmm




Sfep 23— Then place queen 2 after Tayin
M [o/a.ce,_- I G2l , L:v.,Q,ZZj

at (28 We can P/a,ce, £\ ’r'a.e/‘\j/”d o)

&

Slep i~ This U the dead end.

Pecarue a 3 c;ua,e,n, cannot be p/a.cch n
Dext colump. A theve L no acceplable
Positier v queen - Hence ovilhr)
backlvacks and places the z”ﬁ' Gulben) att (k)




8- Greens PrOb/ ern ! —

h &6 8 21 1 3¢) (52 |\ 1 28 b k)
Q. a
3 3
& K
& £
B (&
R [9)
al Ll il | 3
! .EQMZW\,/ ! ERT AN ﬁDlM/tZ@f)Z-
YFovroula (o chock e
“’-—K—{ ) [J—-,L,

(4

g P

2

5) eéaﬁﬂ %

(YRER a@ ‘ Lo

arople AMate Apccae, bree. ?OT M Wﬂw
wa[gm 5 ‘ | |
S colulion wamm w&«ﬁr)g mdm_
tree ?ov 8 -~ Queens problern,

[+ 2 "(fyr (g-1)'2 69 g2\ (Total nodey)
y C"TO Flend how man
dinto

=0
d nurnbes of hog{& N
SPhacp tvreo) -




@

- S ——

SOM OF  SopcETe - |

f"‘O"(""/)/cnﬂ L.C’h /r'/‘zman'[ '

3 fleh Al = e . C‘ml{ bel aiget 0h D
;\9.«:.?.\1:244.(:,, "fr){p fw/&, //’)OI) we. ‘have To ‘ﬁfﬂd The

subeet' coho e. /iwﬂ ol Q‘i/’”“”’ J*Q e
) AP ] \
/’D.«S. ttie.  Inle o

N Tot 8 altwa yg CQHV‘Q/)?QHZ '/0 sovt e
Ceollc elemernly ¥V . en Qdcanc{rnj O'ra’e;tr Thats
5 ¥ SR ‘ ‘
_\ < S, «” .Cp, ’(—CO

\,,[_cf el 7?'&;% u)/u/{?/ ar ﬁane;ra// a,/ﬁowff)_no
7(0*0 AL Qﬁ secbget ;Dwéfam
A'am’!f'f)m.w | o

S Lot & be a et elerme iy a/)d c{
1He. Q,?L7D e@'f’gg{ A /&(JM '772)@/’) ;

Q/'efpl — Clart wilh a ‘3"’7/97“ £t
g@}w . Add to the suboet, The n%t oot
o fvern the Lot . A
QEFB — T the wilhiet | 2 /7@\00 'c,u\na(
Then /gfb/o with that < - as
- setution . |
| ‘gﬁ’% A1 Tf the aubwet & rot easible

C o) 24 e /70_\@, 'rgq_c/i, Yo ‘end

the. <et Ihen Aa.okf‘fm,ck'_ “ff#mﬁA_

g the suwbset - tritid we ﬁ»fcnq’
Gov ot ellable Value .




A

— e

Sfop 5= Tf the aubset L geaitble thon |
“m,/)ea:b /bela 1
S/E,/) b6 —Tf we bave Viited atl the elem-
} . —enty O Thowt: = r)c;f,’/)j a JM/@ ;
Subset  and pf no bﬂ&hﬁra&k’.&;

& powthle Then A;CO/) w i houts

Frarmple ;- | | |
corsider a gt 0-F5,00,12,12,15,12%

—— bt 5 T

and 6{: S0 SD/VQ/ Ve o~ JCO‘G' Oéwn'?/y Leire) |
Iniﬁa,da[ L =0 ¥
/ L+ G ST |l next element
ol ol g k2o | Add naxt
= Lxt o - eemenst
5,10, o o ikl i G &:!'( 20 | AC‘C\ Next
\ | : . 1 QKQJIDQJT[;
5lo02,12° " | "ho HOV3p LU oxceedy
L : d=2p
Sigic . | | Hence backtrack
i S- AN H‘&l _ : _gm o |
' ‘O(:—'ao
% Packtrack
2Pplytng




[ —————— s e B

Tmlxnz(ly
$’uf>sc f(

Qe -

(¥

L(%

B0

55 10, (2,18 e Loy @ 'A;Cem(z.
A .
o’ N()‘L 'f '(:a.&ﬂ')’e,,
Honce backe
i e K
5,10 'S
EECAE ‘28
S, 10, 13,1 25 Not e
Loun e 7 Coods d=2p
1ot backdrack
5,10 K n 2
510,18

Soludion ob’?’au)ch

AL Qe ._50-4

prtoes

i '
) | ) 1

|
)

)

7 The otz |4 pace con bo draw a

) \{97)(@)[2—\) [g, lg) ['g'} | | ‘)

] \ )




(2

37&&@ Lpace Tvee fmr S od Sehsedt | —

_gt,uﬂ ""7
O /7
‘ U:)o\\‘h\ 4 / \\)L').‘W\owt
W oo™
S N °
3 8 o
\ boNaL

A ‘ ~
Pme,CL @

9+t Qo\d\n;\ﬁ‘m\g

< - | b
) T

ne S T
prune Pone doas not
\ ‘ a?\fe
ecluiini - NCeludion,

Prunc Pt St')(uﬂ’gn
GIRAPH COLORTNG ®— T

—%é‘ira,)oh toloving £ a probl
colr
each Vewtox ?hﬁ T h fn /sifcnfv?,(w mﬂ*’é@t
No Tu)oad acent \[ngrCeg hcufp, Aafn:,ﬁ&p/or

and Vet Colowe are wiod.
= Thix pwé/am %2 alio called m- Co/owng

Pvoblers




()

\ S

ST the degrec of giien graph & d e
we an Coloy Tt Wih d+1 eoloxs:

N The leawt numbes of Colowe needed o
ﬁ"@y)h & called Lt chromalfc hu boy

For Q'mm/D/p/;’ L

Soludion: —
S As, gien o gﬂr"ﬁm@,u)@ 'mguffm» hree
colore +o Colov The m79/>. tHence Ihe Chromalic
Number of 8?\@0 raph &4 '3 We can we
backlsacking Tec nigue. o <olve fhe amf/)z
c@/‘pﬁnﬁ lpwé/am as follows .

&?L_@P ol —

@,
5%

= ﬁszo/y '61" consiits % VexTies
O['T@m A o «Jf

~7Thexe awe fh col,
Red, Glveen &ng%ua. B Jruad

e LM Purmber 7‘7’704;0 ot




= Thast means -

| $fndfcales
2 rdfcales
2 Tndicates

= Red
-~ Gtreen
~, plue colow




|
2

7 Thisb  the. s éo/m%g probler 44

Lolved '

= The shfe ,Qpa,w/ Tree can be,a(mwn,

jcor belley undexclandtn Of \ ﬁrov/o/) Co/mr?rg

@C}%%}M/ Wi’? backTrack appmc}).

@'
:

: g:j@/ we \’\cwg, M&auma\ )Co(v‘lf Pndex
=1, GTTQQ,D =9 B‘LLQ_,:B'




|

=
Lald to be Hawmsllenfarn ﬁ‘(afb‘

HAMILToN T AN CYCHES [ —

j)e’/jﬁfnfﬁbn ; —

V[_Q/‘{', (,_{;C\()E) be a (ang,(ja.él aﬂm_[;h LOrh
VexxTices. A Ham i Iteniarn, cycle £t a *o’OM,an
f‘ﬁp palh a[ong N-chagé of &{ That sty
g\/ﬁ Vexxlex opce and wdlwsns o jl:; ﬂhrﬁrg
et |

T B called the Harodllenian C5scudlt

— H‘Qm‘?/f??r)‘;’an, cdvecsct f0 a ﬁwmf/') G/@é?'e.’
closed loop) thvough a amfb That Gl eadi
hode exactly onds. . ‘

A gwoph FM& a Hamsllonian (770/@, Vi

ov examplei—
CQ(M/?C{'QB’ 7‘5@/ ?Taf/) !6"/;

il

~The Ham$|®Bnfar Cﬁo/@/ L4 A-B-D-E —C-F-p,

i

IR problom can be solved eing back
B g L sy
~rThe Slate space Bewe U geresiled In ooy

to findiall the Hamiltentan ecles 7 e graph.

i

*%"O»ly d&sTrnet &(/ofes axe oulput 97} TR

2l apithm.




(7

e

= Hamillenian ud(;/@/ anr be f’c/af\t%f"@/

as Hollowws -

Slatfe Lpace Tree ﬁ@r ?/?mof/"r)ﬁ Haro? (Tentar

&do(g:—

= I below iquie o/wdg the &Lokfrackfg
ﬂfpwach 4" ad 975/@0/'

~NJ

© Bl D)
O € RN
B . BB

Not @  Bemflitentan) 1 H@\?li‘@f\fm
Hauss terian, C/dC/lQ, ) C’(‘d% :
C/%Jde/ a ‘
A Hmor”\@hza_*b

cle

= Fox  TReladie. A ~B-D-F-C-E"* heve_

e 8‘213 Ak ,

-7 Fos 'fé/'\'tk‘s‘r\‘?na 1o A wWe- have To sovietht
atlecands ©he Voxloy .




@2

'”VHQTWC/@/ tJo- bm/k—ﬁQC/K, (Zﬂc{ JFTQ{T) 'D’
ﬂogf@ anoThes /)a/ﬁ L choosen

5o A B -D-F—-C— F-A which & /—/am?/‘f'm}’%

cyo/ o -

: ﬁm Al laoxihro '\ —
} Alimr?’/ﬁm Haro! llorian ( K)

t

loo
Nnewt Volue (k)

ff(?(/(K):O) then welutosn
7
736 K:ﬂ /ﬁo,n,
P~7nt ()
,E//se/
Har? ltenian c k +1);
B,Em:} 7 f
}{QQ/PQat
A{aawﬂ?lm Noxt VQMCK)

RQ/PQat
3 Gl
X CR)= C-LLK.;-Q)MOO( CNHJ
(LK 20) then ~eturm

I{UC (64 It -3, 'LCKD#DJJIFQJ)

J’O'O’J—'{‘t_o K <)\ do




?JC[‘?LCJ): ‘)(,Cfi)j Thon

bsoa k.
‘ CJ; K) ff)—@rb
f’oﬁ (CK<-hj Ck=n) and 6{%0\), %Ct)] :{:o)
g then welwsn
sl ‘éaﬂAQ,
}.

BRANcH A/\/D,BOUND
GIEN FRAL METHOD : —
- Bvanch and Bound (B %<B) X af}afa/(/
?Dﬁ’ hm Cov Sylermatic melhod) fov ﬁnd?ng

el /ﬁmm Of VousT 8L GIDT"m/Z’aiZLpr

Pw/a@rm ’ e&p in  dcedte and (ormbina-

oedal 97DT
s The Branch ard Pound & \/a,wra ofmilax 1o
backTracking In that a slals Lpace Tree I3
Wed to Lolve a /Dfmé/o,m
~ The diffevences axe that The B B roelthed
. Does ot [imit ws To an /Darfzadarmd
Of [vavexer the Feco. _
oA wsgj Qf’)f% for epfom?m;tzan /proé/elq.
&+ Tt & applicable o & w/cfa/\{a}uﬂl(z/ %
dr£€x&7b/ Corobi palodal P'O'OA/ en -




O

= Bvanch ard Bound U walbes 60'”9“1/&
Gf)fi‘m?,z‘ajtfpn,. lech r)‘??/ua_. That Q{)/?/ Pos tWherse He

greedy method and dypamic pragramming il
e Tt & poweh <lowes , ndeed s 2 offem laad,
1o @,meoﬁf{a/(/ e Cam/b/ erltes P lho ot
Cazte -

> Ir levm B 2 A -0"%[@"6’;_@ to all /(/Laj'é/ﬁlﬁacg,
Leoavch melhods Pn which all CA?/C/TQD of Thel

"E-oode' ave gerevatled befove any olher
PG aode" En o The "E-wmode’.

Lve node : — Lfve node & a pode Pat has
be@nb ﬁeno;o’aj‘gd f)f;(f/ whate childven have wst
Vc/t o 8@n9,ra, :

’E,nodg:.—— £’WOAQ/ 2 a //0\[@ V)Oé{@ 005042 C/)/QH"@I)
ase szﬁ ba,?,nﬁ ezx?o/brgc;’.
Dead. nede:— :Deovc{ node 18 a enevaled node

that &2 not to be Qi,@&ﬂc{gd oy’ explosed an
wethes - Al children of a &fe@jfnoclg/ hai/

L Sve node’ 2,32, :
I and 5 FIED Branch & Bourd
( pEsdchildwen of

EmocL@ axe  thSex

T Q qHeve




A

f—

| IFo Bsanch &
Boc,mc\ C D- QQCL’(CJ—Q
cheldven of

E—qﬂodg, s e
Pniestod 9n a
STaic ke

= Two qvaph 2oaxch Clradogios, BFL (Ln4
D- Ceaxch ( DFS) TP which ho exp/on:;&im of
A how node  annot bogtn unttl the hode
Cwuumﬂa bein evblo/ofm,a/ 87 fu'“a evcf/orod,
= Bolth PBFS DD Seavsch CDFQBaQr)gmf/"z@ﬂ

th BX BW'

PFc:— [Ffke stake ALpace Seaxch will be
called FIFO (Fivet T Fiwvcet OMD-C%VO/L
BRPT T 5% [PVe podes 2 "Fisct -fn -
JQOTBCJE_M”‘MCOTQML@). |

- Comxch (DFL) i~ LTKe slate <pace Lot
Wil be called LiFo (last Ip Fivct Ouwt)
Ceaxch ar the Lt [fe nodes $4 a “last-
1 - [raet -out” Lint (o Slack) .

TP W&Tf@akﬁnﬁ ) boama/ n Jﬂmaﬁm ALy
wied to HQ/(P avoid "the genevdtien of Sub -

Trrecs that Ao not cenTain an agwies Node .
Set)e Wil wae 2 Types of Seaxch dvategios ¢
branch. and bomgn ek

D) FIFo (Ffyct In Fiact out ) Ceaxch
D HIFo (last Tn Fivret ouk) feaxch.

2) ¢ Clearts Count) Ceaxch.




APPLTCAT TONS i—
D Travell Lales  pevcor Problons .

&) o/l Kna,/)gﬂik P'D’O/D/@m
») ¢ Bsanch and Pound <oludion .

n) FiFo ETMC[’L and Pound <Colution.

TRANVEF-INGt CApLEC PERSON PPoBLﬁM'..
= i f‘h@;b’Q, ave 'n' ity CL(‘)C! Cost

Tsavettln ﬁ vc"czom ONo a&% to Olhox @% 2
%t\/@n

— A Aalosroan, bhas to stast fvoro an g
of the and has to itk adl 1h
eA o MC{ hay Lo ~ela~xr 1o Ao

Slastihs Place w?lth Chotlet, A ulance. (or)
m:mmu@n C@VC

“rlet Gt=(V,E) be a d:f@cfw/ @faﬁph
d&fﬁn/néi an meJZznaQ, Of '/7'70/ T’i’cL\/@////ng Laley
fevcory pvoblers .

—57‘/415 Crs bo The C@;g;(; of ﬁﬁ@ ﬁ@ &r,d) g,

gf ChdIe Co) & let [V=n.
>‘TD e least Cogt bmncA and beund te

ALeach the Y'Trcufe/au; m/op'r\can /?Tata,guch,
YLT@/% o 0/%&% iwt ?MCZ&LQ{) cCax) anq!
f’Cuo othox gauhctwn c(w) u(w) Cuch har
C ()< cen) s (,LUL)




s @)
= malyie | —
| i@iwﬁocﬁw celewmn 24 xasd to be reduceld
ii 1f 2t containg atteast enc Zewo ?rd all
i?romain‘? orlvios axe non—heﬁaﬂﬁ\/&' )
i‘-\?‘ A mazz'?m 2 cedwced S Q\/mrcc/ vouw &p
Coleymn & veduced -

“FTf a cendlant + 4 choten o be minimum
@n”ﬁr%/ fh vow § o Co/tcmn(f thon /waﬂ,%h,ﬁ
Tt Jrerm all erfrfes Th w000 7 C colump )

Wl Lnilvoduce. a Zoxyo Tnfo a *rou??(cofumr)
qJ-

= The Tola( ameunt Qublvacted FrorD the
Colurmns and sowz £ loweos bound on /e
f@nﬁfm of a. minimwm lost Tows and can be
Lued as tho. 7 (a) Valus ?or Ihe wvoot of
Slale Space [rec .

noa{o/ T QTqu/ gpgu;@ T%Q,QJ e
Alodate ‘o weduced Cak 12200

“rhet A be the veduced cort v for
Node R . let g bo the chtld of R cuch frat
ho eAaQ/ (R, <) Co‘\rm/&]oonoh 1o nelud g

ec\a@(/?,g) tn he oy, | 8

—»ITf ¢ & not a. fea,Jﬁinoo(e then fﬁo/“f@c(“ﬁ@f}l
Lost oS o fov node '8 lcan be oBalned
as followrs -

y C‘mm@@, Al effes 9 wowO 7, c‘,oiumn(]’ of-
A to o0 . |
2)8et AC{,1) To 0.




..)) /\ PP, ~5 Ot WL g =P O/L/Lf C;f_,{o.O aw Qr)(‘{ CQ(’-LLm/'\/

[O:Mni’n& 20 1
) Tho tolal Cost vASkS node & can be
Calodatod. as | |

E 8= LRI ACT, §O4

o0, Ho:ve T U e tola | arnount waﬁacf‘gc{
Py ol P,

/:mm /D

_chfex /)p;o:@am P«ro ern uﬁnﬁ /——CBB

T R N
CO&EO“U“"'”C@ o090 20" 10 1]
EXY S R o S
g 0 3
6 20|
ST\O/PDIZ~
%wmcﬁm_

“Note down the m\n?mwms;fm Cu> pox~ yow

Wie and cubfvact 3k

TR B i 0 S TR
IXOO 20 120 ‘1o w il (1o \/ao ol o o]
2SO0 b Lk il 2 21 =0 Ik 2= 0O
3 B i iy e Bhill o DD 50 L
ol Bt i, 2 5 60 0
cllb Kk 1 b Ok S\LL bl e 2 e




T S . 1> I
- Colurmn IZOCIL,LCJLQF, -
YNole dowon the mintmuwn Volue cu per Columpn,
wWhie and sublract .

| 2= 1D K S \ 2 B kS
\e® |0 20 o | Glzo, Mo Z7. 0 |
2\1% 20 I 2 0O o\ 12 0. ) ] o
201 2 0 0 |& = 2 o 32 o0 o R
F i3 T 50D e 438 = At w0 O
g |l 9 2 (2 20 < | e Hio 2. y())

QT@P 02 : —

= Conuldon #3@ Pq;/f) L.ls2) & cu‘)ﬁe/ all enT‘ng,
Of ffrct wow and Secornd colum "QA“‘C@‘J
Matete to 20 ¢ et AC251\) to é@oo-

I 2 2 xS
120 20 20 -0 -0
210 0 1) 220
B‘O?Opo,o.‘)_

sz e (2020, © |
cll x0 o0 & 20 |

- - P ——




-
Row Roduction ! —

I 9 > = ‘ = > 2 “Sj
olip wot dY 7 @O ol 2Ol po Al Y2 IO
3| 0 oD >0 10 2 || O N 3l 0 0 0O 2-
i e S wite- 0 0 4O hlig o0 2200

12- 59
e e O ? E 1 0,0, 120
 Colwron Reduwetion:
BRI = T T \\ R e S
e -0 o0 O &0 A2

L0 20 20 20 0
2120 2 Al 24D 5.0
3| 0. '8 02| N g 200820 1]
sl =0 0 2.0 el 2 s w0 O

O O o O Sl Lne0 o |2 O]

" Tola] armouit f@AULCQLQ, QsD-%—O =0
N A
CHCR) SUCTTHRA R i)
= 1D +2c5k0
= 35
S@P 02 —
-%‘ééﬂiﬁa(@:( e Ppaih C1>23: - C’J’\M@Q/ all en‘\_ﬁeg

DJ* j(:?“o’sjc oW And TR?TO[ Co\wmr\/o:f— TQ{:\(LC,QA
malstt 1 o0 and cot AC2,1) 15 »0.




Total amount veduced /'1;:) \

/\
C (o) CCNF €005 o B

= A% + |7 +\]
=53

0 O o) o)
2 o0 0" 2 D
30 P Ve 02
s 2 w0 0 0
sLh o p o 2= 2O ]
Roto 'ch\(,z,cflffun ¢ at
‘-i >3 A M o iST, Vo2 & K S
212 0 20 o ole slifee0 20 2 0
B3l 2 20 0 2|0 = 3|00 2.0 p A
Hlls 3 0«0 0|0 | Ic 220 20 O
|l o 20 (220
Coluwrnn Reoleetion '
, I - T T . ‘ LT T -
R [ &' 1 g oo'OoN
300, 3 o0 o G K 2EED 6D o 20
hlls 2 20 20 O Bleo 3 0 O X
(SE
T D 0O OO 20 A Q)




Slep o - |
e considet he paih (i) 0 change all (2/71_?*;:(4'
Q?{,- 7‘;7_& o ard g[twrfh coluwrmry 7o 20 C’ﬂa’
St "ACHD) o 0 R
.I_
S matfa Reduced * N0 20 0 o -
22 0O |l o0 0
20 3 20 0 2
kleo 3 1200 O
Rowo Reduction . -
| o G2 2, - jud B
I e s RPN 2 3 Kk &
20 1
IS [N S TN [0 =0 =0 w0 ]
, 0 0D
3|0 3 o o olp L F|Ro oo
ltoo3{loooo=>‘30?>poaoz
c LIl 0 0 w0 Hle0 3 12 20 0
SlLhh o o 0
Column, Mu@ﬂm:_ :
f
20 7090 0 50 [HDO&'O OOQO;OT
2112
5020”900_>zlaaouf00
V0 2 TlEl o B w0, 0 2
L’-po 2 |2 &0 O
0 3 o 0 O
S'.,“ 0 0 0 o9 i e A
040 1 0 0 & D 9
“ Total &ugf"m,c;f'o_c{ TQO[ welien ? Zp
AN " 5
— O 0S L p
=25

—

28)




Slep 05—

C@nA’LA e  The /7&/75 16407 C[mn&)a all enlrfes
of Sfvot wow and & B tolumnp 1o 0 And
Set A(C5,1) 0 0 ‘

l 2 = . C

[ 120 0 0
2l <0
3lo 3
hlls 3
S0 o
Row Releiction :—
[ 2
o0
2|2 0
3l o 2
hlis 3
s120 O
CDan%ﬁm
IQ_BH_ |
,XMVOMDO
2\ to w0 9 40
310 B ie09D
kil 0 9 4
20" 0 O e,
O *0%a20




.

o T[)—/h / A /D/’;’Q(, ./54/ EQC/u,Ljfélh_/

N
¥ =G
A F . A
C. (8= CCLS D+ 1)+
= | +25 4+ G5
/N
c (5) = 2

Slafe Lpace Tip,

-r Pick Wp the least test fwor the Llale

Space tveo aAnd exploso 4 chsld rod
fov the hode (k). T 7 y 7

Redicod cort matstn, for the Node. 4 £

| 2 &) W AN
|0 0" b |
(22 20 [l
0 = )

=0 2 [0
[l O O

"\ F e -
5 & & &)
SEoniesn. X




ED

S{EzF Ob . -

S ceraldox the path Chi2)Di Gﬁwﬁﬁ@/ all

e ni+7es of 4 ow and ;’w/ tolecrnr  fom

veduced matefa. as o0 and SctC2,1) to 0.
{| ~R a2 K A

lXoO‘?OﬂO,»Opo\

2120 20 || 0 O

31 10 Qa0 2

hloO 20 20 O =0

sLU 20 0 0 0]

Row Rodicdson, -

""Lojofo% S'ﬁ [T S
2D e ] [E[201. 200 b0 Ve g™

;—PZZZ:) :: ig 202000 o

Lrpopo;opoQO '—"750%0%9009—

St =0 0 20 0|0 sl 0 0 00




o TOfa) subtvacted wedudttor. 5 _p

A
26[03: CCh,y2D4 C (/lfj—’rf\(
A = . 2+a5hp
C C,é)) = 199
STQ,P O 1 ¢— |

-&C@ng?&‘am’ tho /Da/'f) CH, 3] ¢ Cﬁamﬁé/ all he
enlvfes of 4P wow and 37 o

O as 20
Ard Cot (2,1) o 0.

s BEen SR il A A6
390 3 =0 e, )5
Fleo 2 0 0
L I s I -]
Rowwo Reduction:®_
I = > Lk 5
2Mlo wd b Lo B e Wyopoyo;o,oj
SN0 - B oy bk 2 o = 2> D 00 0
L"PQ?O D O D0 @l 0O D O
sl o0 s ?@,OJD Fleo © 0 0 .0
S L 2,
col uron %2_ O 0 20 |
2= 3 L = , |
2 12 LA O 0 ‘ 'FOO 2O O O D
20 0 20 p|l = T2 0 0 0 b
< D D
i alatry PRt
11 =0 O 1 0 O




e <
3 I\
=0 <
N 2y
o U
o) <9
5T
~ N +
3 4
@ W
£ ox -
leur.To
4:&&5
./nW,AY TR I ._o
N O oo
P B
- T S
i
)

@

e

% 0K Cf)axsﬁa all enl
fo »0 and <et

Colirmon

P//Lﬁ’) C 4

—SCorieAox the.

7
Lg g 8 XY
9 o § Ro h¥ex gy
l,.ﬂ P — O&AN wow OANANO
s R
A = RO
, LT A
s oeay = min x
ﬁzmﬂmﬁ o gt 2@@ :
Sl \ 3
R ReX T+9.9 99 % rwﬁw@ww
0 O =R S, e war IR
_ 9% =aR W iR
AR 9Ee , 9% o R R0
o A B R I T
-X £°%Y 4 S
~dexr b T8O RY - =9 %R
o Tt b s e




e Tolal _a ,L./Dﬁr//?,(‘,?’g?zc/ ved u,c;'/’/oan_,

" Q = It+O =1 R

C C8) = Cc CH , SO+ CcChd+"
= O 4 25 4-1)

Cceg) = 2b

clate < pace Tvoe ;5 —

S—t’e,r; o9+ _

= Considdew the PAlb C2,2): change a Il
ent>ies of ond )

o0 an-dg BTO/ colecrs>r fbaOa,d




o)

Rowwo Reductionr :

[ ot Sy “aepp LS Pl R L
[ [
D D LS s IT00 160  wd | po né ]
S O DL 2| o0 O so 0 o0
HORMPUONE [
A =B p e s o, O
el =5 = =0 =0 ‘
SLIL 0 2 o o]l Lol b e e T’ i )
CDIWﬂﬂ%alchugr\,Z— e L
b2 gl Al byl e - SR DN o
IX& OO e [0 0 =00 =
2N, O eD D D ‘—**7"3’@,0.;@900
0 =2 o 0 e 7 T
clo o = i slo »
o o i

L'ﬁ%d,gwﬁhuﬁﬂ)QAwimm r«ww@
CCQL,CC15)+CJ£D+V

H+2@+B
=5

(D° - ) v ,‘
Qz*\/&d@;r o PGLHF) Q,z\g) Gkar\ o a\ Qm”fﬁgp
“ YO and th Columr) 'fo 90 MO{ Lef

CS,I) Xo oO | | i
[

—

Od BB X W
LR
33833 ¢

2
o
~
72
70
s

LR05 )

l
2
=
Iy
L




Rowo

| 222
[ & ¥
2\ 0 20
BV 22
hloo »o
c|10 =0

2\8 0 0

F W

(/"

Lao -

O 0 0

2 2D L0

b
N\

O S Vs

> > k5
2O O O I
O 0 O 0
) 0 O
0 20 2 0
2 0O 20 9]
T e .
L 20 20 0]
O D 0 0

L 0 S0 0

D D 0

O 0 O 2




1

o = A S ——
o €5 T —— . e e T 8. o A —
S

v The o NYroumn Coft Th The clate Lpaco_

'/‘T'rz [0 59! e = f o /'706/0, (O
. I 2- 2 L'- A\
fo? mafrig - |0 20 Lo O SO
L0 20 Lo .o Lo
?) [) P 20 ) vy
Floo 20 0 o0 -0
S(20 . A0 16 o O
ST.Q,P |}t~ o

“ecoraides the path (5,233 ; changoall eatries of

Ll YOLO ar\d T Colwrnn To -0 anc{ Cet CB,)’J
o -0 . : |
l 9 2 L &
! rpé A L |
2
2| Lo D 20 0
3 120 D Ll n
W | se i by il I i

S Roeod Rgo(wcfwm ; o |
C,@fumr) wm»;'_@'

o -

z Citl) = cCS:‘?s)+ /a UDB'{'{“\/
= 0+ 28+4+0

C/CH) =g




; |
" The: patth- s o —raishicls” T8 Ly

\
o

o The mIntmuwm Tows tost 2 28.

Ol KNAPCAck PROBLEM " _

Y The of Kmapgaw/c /J'mé/@m slatfos that
thorse aso 'p' 0/9(/"96/(2 ﬁff’\fm & mfa,ci’l}j
of Kﬂﬂf/ﬁ_m.c/c e 'm'.

=7 Then 2olect Como. obdoecié to 1l the
Knap.f}a,a/c fr Such a way hat Should
not exceed Mhe CA/PCLJ,% of Knaplack
Q.h(:/ PMAALO T /)'rofe(‘: can bo Qa.Lch/o
Y he. o/ /CﬂOL/Jfa,C/C Pwé/am can be
stoted  ay

Mate 2= Pra 4 Pkt oo s + Pn,




Jor u)oiahfz

u),'rx,, L W tol 18 0o H iRy 4

o b9

Lf=p (OF) |
> T a bydrch ! and  bownd techn fgre 4
twed to F£rd selution 10 The: . Knél?'DS@Ok"
Pwvoblers) . Put we cannot olrre,oﬁy a,fpla
the byanch anq‘ bound T@oﬁnr%@ o he
Krapsack pwoblerd -

B i (e b«zrcu)cA and boanc{ deads Or)h(,f
the m’nIMIZQM{)/ /DTD[) i Lt g
> We medtfy the mef_caat pmb/o_m MOAAG 6 -

—zatien, 16! he . mm?m;zcai«,am /ow/em The
mod?fted preblery vl g i

Do) a poﬁbgm of gTELTe QPQCQ TTQ,@ a@n@w{f@zﬁ
bﬁ e BB btd the «foliowma oli Knanaofc pzrob)am

=Hh> (P P2, Po, Pu) =(lo, 10,11 \83 Cw.,u%,,u?a)
LOHB L TUNTAL ﬂi\ a M_\g il

T
Pl \ 3 \ | J,tztsﬂ_

S*Q/P L :— C@nvo;{’c f"he, :P'KO:FJZ To r)o_acda\/@
CPLPS ;P iDLy 2 o) —\o,~\9_, ~\g) e




(®)

ST—Q,‘D_D. &
>Place the flwet o o e
> calewdade the u{)ﬁ@fboumé( () and cost (CD.
W=—= piad Cwofthout :ffzfacju;m)
C = -2 pit (uotth fradien)
=7 Pfacé, the <Zecond Tlomn n ma WO=H
21T hk=b ‘ | | ‘

- place the 'ﬁi‘”«d ey T b@a Ve @;b |
D Ll
~r T wiijﬂace TR % ttery TF)@ @m%{ erceeds
SRR 2 D gl e Paostal L i e Protn
Fov u)@uahﬁ g
N\?L\—’\—NL'LL—{- 1‘_ %-wpwh im | e
«T =0 Cov) I ' )

v\,«l—@ﬁ oo {Mcf@@n/s MQA C,C'x) & UuC'L)
L () = cost Sfunctien
U () = tppexr bownd gfbmc:%igm

() = — =pia] & ULC'U::—ZP%? g

({9 = caledakn wotthoul frraction,.
ulx) = caledate The coﬁc w?fﬁowt UC“O’CLEftm

_xf(mo,r\ colect the nod@, u)hoSQ, Co&t 1.
D iNtrown  f.e,

( () /mnn{CCM}w?\c\ Coc) )5 OO Ch‘?\dCM)}




Ao s

B &D
> The  problern can be <olved [)g Praklrs
gQWCQ’Q)E deciytons on the VCLTTCLED,Q/_Q

o S TGN e SFe level LO,LAQ,

- A c\&w&m on The erna,ble fx)? ?n\/o\va&
aleﬂ_@:o’m;m 8 which of fhe voldues o o)\ & To
be Q/&;&angcl o b ba c\e/;{‘—f’mna CCL) veurssi-

=y The path o voo’c to the leaf Node whate
berght ,’u ook rowrs) 2 S@ QJQA & L he

Coliion, Space-§Ov fthe olt Krapeack problem.
o uppes bound UL—.-C/\D—\—lo.\rlD_).

{w = —59_\
R 7\
v oCo=- CéPl?&) j:u.')irh '\FTQE{K@*\Z]
—CID+‘D+\L+*§/%XBJ
= —C1o+(o+ 12 46)

]/—5: '~’38J | ‘ il

Stale space Aok S0y 1
==,
C=—28

RNE -

L=-22

&-,38 j T )

ST'Q.{D = L '
FOwv DDA(@, % C‘)(,l ——D)




D
‘ S T st Obd"g/&f; fe pot Included 0 rhe bag,
| .

Then
u)o/?aht (o tthouk :FTGLJth/) u:dﬂh‘b Cesith :FTQEhQn)

h+b=to | | #+b+5‘/q
htbts =
e 2 © ° _
T CC P c = —(\o4\2+18 X7
= — Clo+1a). = Lo e v ml6)
= -2

:-‘—'52—

é’f’@/F Lo—
S celect the MmNt rowmn cotk T.e,
ek Ca C.9-9 /C\, L%)>:: oD %:——‘38) ,__53:}




%Sf ep 51—
: Fov node R WS e Incluc(ack Q»nc\ o}z‘iec:t
; wdaht(m?rh fraction) QLQ‘EC]”\‘\Z (Ot thout

JTQCT«”QFL)
T atlanad o R C 2t )
=24k 4b4+ 3 R

=2+ +b
KLO::HL‘

: G =1 Soq © | :

| =P 5] W= —=piag

% -—ém+MLHLH€x%%) = —(to41o+12)

i AN \D+t9+\2—+e) Eld2 = i

e = -—@ '

!

Fov nede  (ta=0) :— TF ond ohtect nok Tncluded

LoetghtCeotth fraction) bOQiaht (eotlhouts fvazlion)
W=02,6,7lq ) L= (2, b)
C=—=pigs

.1 £ 2L W = .—éPth
! —'_(,[D"}-\D_—H,@'x 7[;0

| Y = — Qlo+t2)
|~ —Clogia 4 ‘

i Lt S

i &= 3] : I

U=—524 Cc= -8

<late. Space. Tree:-
K=l




G 25 . Qelect The

U=-22 =

e ?,’\ Zal, ONfmwn st
K= -

Fs Y

-28

. CSelect thoe minfrmown test .o ,?,CH)
and eiplo'm, the nodexs -

STQ,P 6 \

For moo\p, b C‘L&/‘D

WL@N/ (L8R fvaction) w@iﬂh‘o CeofThoul :F’fq—dl@h)
LW =C2 kb, 2) =C 2 kb))
C=—Z2pPas |

—

o3
= — CIOH10 40 448X 7

E :__yga | r%:“Bl—\

=—Clotlo+ )

Fov node C‘}Lb:obh
7 T4 2 obfect & not fncluded.
LOOJF@"\t CeoTth fTa_Ehan H_')Qlﬂht (o Thouts 'f'ﬁaah en)
oL {5 1Y qj B eosta g ‘%)
C= -—2()\%? i

AL = ——éplb
=—Clo+ip+g) = —(lo+lo+ig)

[eE BT d [ e

L) Ky =0




5

2le P R

Fov node € Caip=1) A
> I p 1B Db(je,u’/ 2 Included 7 The g

LO=( 2, sl 28 ) LW0=(2,1 ,b)

C = -2 pTad = — (toHlo+12)
—— (lo+D A 1-H18 x?)/c;) P’L:"B'l;}

[c =—=¢ ]

FOv nodeg Cvu+ =0)

= T P ob(/@cﬁ & hot ?ocfwo/ec/ 7 777@

bag ,

Weiahtéw"tm fvaction) Logjah't Cuﬁfﬁouj; JE8K dfw
LO= (25 4 D |

: C’LD;C,D')L\‘)
-__—_-__2 o ] j ‘ ,
e il W==CE ptai)
= - Clo+io) ‘ == (No+10)




D)

Filoal stats, spacte Tree dJov of) Krapgack
a/s(i’ng LcBB.

(]

o MCL%LﬂWﬂ PTO;f—Ct :TD"\—\D—\-D_\_|@
= AR

g LL_JJLOLaht :D__ﬂ—L‘_._‘_q =l




D

|

| BRANCH AND POUND 'SolOTIDN ;-

2 ST e branch a,nc\ bObmc\ @\%néan_,

be oblained ug?na ffxed ')Lu{)\@, a2ize. fovrmnt-

—aden . i

e cleps to be Followed fox Lcpp éo\udjfqu

A YO (R

| Drvawd altado Space tree s | .

A CQHY\\DCCYQJ é\C) a LG —fowr ea_d’\'ﬂOO\Q/- ,

5T L0 > uppey, K2l noder .

e Olhevofce. the rofngmumn cost € () becomes
E-node- Glenexdte childven, fovr each

Nod o . el
5. Qo_(;eaj: STQP 2 & H_wiﬁl,,qf\ The nodes

Ansoe nod - Tvackslthe, pPalh Pn backe
wWaxd A?Tefcj o, Uﬂm X Ye wooL, for

FIFO Branch and Bousd  Solutions-

7 T0 wndexclan FIFO bvanch and bound
We wotll tonstdes ;TF)@VQHQE)\Q_ TLLP[Q, Sfe_
}@wmuiqﬁ@n, L

~rThe  cate Cpaco tveo can bo Avauon ay
[odouj fo anjosqdc Pwoblorsy .




A
C="7

0=
2
'Lg
(D = PN e .
Nok C--22 C=28 'C=

feas? =22 u=-28 U=—20
~ble

Vs b, L RN

A/,' F:‘f(har( nodeo. o becermes an answes
nOdQ« / , . YN

i

V'FF)QA’Q,UCOT@, Qeiu:bgn

y- } I

%\:\ 5 LL:l ,{ 15::0 ', ")LH_ =4 4

1 ) AR A
p ! '>< {2
o TLE, ] ' §
| [ R (50
\ y {73004 by 6l b . prets
| Y/ } 17 1Y ( )
v §
)
:
{ \




