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Dynamic Progrommmy : R
L. defining  subproblem 4""{\%‘“.
2. finding  recurrence
3. computing the optimal yalue for  ($ub)problems
4. redconsmucting the vptimal sojution

Knupsack  Problem:
Input <O h items with weights Wi -+ Wn
ond volues v, ... Vn
@ copatity C.
Output: 0 subset of Ftems with meximum S ot &5 wise

wsel: nfs* = §%i= vpt fyr {mt n-l items with -toval wight<C
ez, N€s* = 8= [nY+gpr fr firsz n4 items with 1ota) weight
< (C-¥on

Subpro bloms ‘
for i€lond, for celo.C],
dlefine vei1Tel b the moximum votol volue of o subset of
Ainst 1 items with wtal weight gt most c.
2 VINLel = mox [ Yen-1261, vnt V fn-13Ce-wnl )
2 for ony i €L1,n1, for any ¢ = Lo.c] _ _
P Vel = max [Yri-nced, vielin Lc«wu}

VLolled= p for 0€[o,c] L
V[T]EC]: —w(q)f ¢ <V _‘Tﬁzﬁw&

Computing (1) tne Yinel, tpae:gtas)
VIo]Tel = 0 for cro,c]
for i=1 ton
fpr C=0 1t
if wie ) PEEART

veiacel = vii—11ced

§
else L] = mox [V LF13ECd, vEA1 L C-wid+Vi |

R " L P |

o SRR R

Rt s A mEmmEEaA
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Reonstructing opt sol

¢=(

5=@

for $i=n 1ol

if ¢owi gl VEIel =3 Vii-lle-wil +Vi

S=su{i
C= C-Wi

réturn g

time - U(n)  ‘space - J(ne)

Kemork e
time: ((nC) ﬁ@l [‘il,l%\) repﬂfa’ft (/ _)}H%'u#'gﬂ%\%nﬁ)
Npseudo-polnoml vine IR LAt 357
space: if only cores about opt value Fixh) -
Tf Rrequiregs opt solution
0 wnre) Kb+ dp

ptimal  BST

Input: n Kkeys (.2,.., h with

freg, HERGIE) .. P, o

Output = o BST with minimwm ayvermge search time
S Pitoi+l)

;t;;leiiig)i .
TRk k<)

searh time of K in T 14 spnrchtimedf k.

T

z) P - searohtime of k in T* =

-

b3 Pe - (;earohtume of k in T. L

k=1
P( ) + : I

z rk (Seammime v{' K mT2+l))
k=T+

[OhtdeA D)

e (B T

TREREE sz AR App
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cL1tr=1l
= overnge search time af S {1 P + overage seprohtime in Tr .+

(Lhin] average Searohtime in Te
Lr+i) Ln]
Subproblems Roy B
fpr i€ [1,n+1,jefo,n) tw.\,t ORI RR). AR E RS

define cciacj1 be the average search time of
the optimal P51 for keyLi.--.J1 with freq. P:. b
2 CLI1LN] = s Mo FCUJ[rflh ¢LruJrnl +é. Pe) |
Repurrence = CL(]LJJ/‘¢,¢ fcmtr—ih€Lr+{JEJJ+,=,‘Pk}

{CIFJUJ> 0 ufJ I >J

compiing €L1L)
eli-N=0 for i=1 von
for 120 1 n } o)
][Drl«I‘WW ARt ~
eLiIli] = E,Fk LW'" fCllJlr 1] -rccrﬂJ\El*ﬁ %z/

e T e T T
S gt § coog 69938, ]f‘ Cpin1) 6 Om.
ﬁﬁ\\\ﬁﬁ: . g ' ,"\,»/‘r\-—\,\: CU*UU;] : C[!]L/J’”
s A i el
Ree con struction _ )
recur (i, } "ﬁ?%ql'/fu

[ if ==, rivial. 1nBE.
3 i argmm fc[t][/‘—l]-f etr+15 +k£, Fk « OW"PW“"ﬁ 4 F

3. T = recurci, r¥-1) {42y 7]
4. T, = regurtr +l 3, rEg) 2 Reas))
5. rern a7 G AE,

recurtl,n) %( X

l
# rocursive olls - gen) /AR ENIFRR T i
ECH ALtz >+n-fn| Ntk
ok (D menT
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ek b :

Marp - Mbxe ;a( )/b” );(U )
L_T'%';TE ﬂxb’r(.
% M4x; Mix2 - Mox |
AT e x|

l—?u [7,;63| s ozx2x|+ Gxix[=18.

lnput: M - /"/;’/”3 = Mn
rox e Nixrs X1y [paxry,

Dutput:  best order of performing multiplication

bi = ¥ ways o muitiply T matrices Mo Mae mie My :
bizl, bA% bs=2 by = bihi+ brbtbbs =f  { )y ) bli?'bi,
b; = bi-1 bt bi-vby - bibi- - f ) A )) bl-b%
bn = #—“ MATE - $lde e

31 Mosan Aa (Mg Me)( Mk -~ Ma)
Mroxre  Macxn
= Q[roxrkxrn)+minimum time multiply firct k matrices
+mintime mulfrp[y [ast &wn-k moatricés

Su bpmblem

fvr i.] €LLn)
CLTIL]1 = min ot for perform  Mi-pisi - My
cT11Ln] I",‘:”s‘:_, [ fo-rk rn+ ccl1TK1+ coktiaens |

— f CCI]LjJ ‘k‘J—I ff]—i rer‘tC[lJ[k]-PCLk'J[J] }
cLiyril= ¢ for e fnl

[OhtdeA D)

g CSEET e xS
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Input: o directed groph G= (v.E) with edge cost ¢: E >Z on a source

2 Eatl Sesv)
Qutput: the cost of the shortest path from s to v for every v €V

Dijkstra’s 0(/V/logll//1/£!) assume We, oerzo

(ARESYH)
Bellman-Ford ~ if Fe. ccerev  Dynamic Programming
assume (7 has no neqotive cycle

Subpro blem
for i%0, for every véV
let cmm be: cost of the shortest path from S vo V with
* ot mm i edaes  ( covatid-= tsa if no such porh exists)

¢9. ol cCdICol=+W  p[d1[2]>V
SNb 4 G CLdI01T =400 crd1r3l=3
Recurren ce
contil > AlH p* Ip*| <7 (BSAEH)
cosel. (PF[ si-|
CLviLil = ¢Lv1Li-1]

¥-
cose 2. |P¥| =
1 min ¢ [ulLi=13+ccusV)
07 P oy CL.-' CJJM s v

= CLLi]l = min f(,[v]ﬁ—l]
um;rv)(-g crulili-=lt cw.V)

bose ease.
cLs1to] 0
cLvIlol=z + oo jcf v¥s ‘ _
. ,' ) ff’(/*’lf?’ﬂ
> | 4 0 [ 4 2. $) ~7
Compute: 2 ssrgp yndi G EMACS J [+ |E) = ollE
LeCsIm =0 7wl = D [VIE) ; _
CLVIL]=4m for V7S GGk o3 VIkT 7 cOQLR-1D, Fjgpach)
foriz1,3, .. Ivl-l I 7#@15-7/\-«7 7 VA tme:
r Bl wE M Puratrive f‘“’”"”' L 1 r ()

(Al SIZ AMER M EAPP
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Lemm:

éf (1 has no nvegative cyde if angl only if crvitmAl== cpviinl far ony VEV
proof: e
=): rivial / BRMEFAR

&) foray kzn  covitkI=ccviindl D G has ne neqetive cyple

-

)\

3 covatnd) == covalnd for ony v | 2% 7B
return ¢ vl for ol v
else é
report G hos negotive pycle.

Wl=pair shortest path (AsAP),  IEERESLH .
Inpat: o directed qraph G = (v, E) with edge cost ¢: € + 2
Output: S cu,v) for every (u.v) € VxU

if ve. cerzo VX Dijkstrg’s - Ouw‘wjlvmwzg/)
if 3¢, cre<o (V] x Bellman-Ford - QCIVITE])
v e :
Floyal-worshal - 0 (lvi*) (FAFHILa3) LF

vz Vis-- . Vn {

P 0 M ~~—————>0

ronk¢P) = largest index of Tnterna) podes of P
ronkP) =0 if P hps no internal nodes
r—0—"0—"70—""2=C0 i
i v oV Vg Ve rank > 9

Subproblems .
forij €011, ké€lo.n],
let CETILILK) = the owst of shortest poth af ronk ot most K fmm

‘“ Vi W Vj.
¢4. 2ogs  CLNDSIod =@ ardIEIC3)s )
" 1 Vo Vs | CC'JE;J El] o ) CCUCS—JEI}J;-}

' CLINLYIT2 =+

EsEE
e

g csREE S
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Reeurrence ‘ ,
CLimjikl> p*  rank (PT) Sk RIS B A% dhkitie

cose | : Bk : ,
< ” < K-| % a y i - -
Vi A VJ: > crilfkITk l)+c¢,kJ£)ka-L1

cose2: ANk  CITjITE-1]

Z CUITJITKI = min f_—_c’[iJ[jJ Ll cmn_k)rk«u+c£k3‘£j1;k—u}
AR LTI . |
bose case icm W le]=0 ; n* subproblems

CLIIFJIfod =4 ([#)) -

Remark = G hos o neqotive cycle i and only i crilfilTnd <o for somei.

EsEE
e

i (D mesT

Rt s A mEmmEEaA
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