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Gireedy Al gorrthms
Activity Selection ( Interya) S‘cheduahnq) y
Input: 0 et of activities (51.f1) .. ( $n.fn)
Qutput: & moximum set of mutyally Lomptible activities

ngn—werlapping. OPTk

rulel. smallest stort¥Tme M3 ——_ "~ ., (Greedy-!
rulez. shorrest interval  Rl:(— F )k Grecdy sk

rules. fewest conflict BB f——p—th—t t— OPr=Uk

= tin J S Grealy =3k
ruleY . eprliest _'finish time \/

. ler R be the set of activities 20
2. [t A=
3. Sort R by finish time Dtnlogn)
4. for for octvivy 1€R xn
3 i if [ 15 compatible with A R AR/ RO e S ke, OC1).
b. add 1 0 A
1. return A- = TIN)0(NgN)

> Thepdbm: A is optimal
Proof: (RiEd) suppose A is not optimal  [ppr| 7 (A
R T L |

oPT: fl,]z,...jk,jkn..-Jm. _WMMW,W@“'"’" 1‘ !
U W ROB BRI

(RSP | oa bR LIRY 2 RS
u A 1/ ;
g v _Jt-l..\Jt v ../Jtﬂ gt =
" FBIR 1t ;,!\.{;/?‘;_{f_;f\? ;
B greedy = frecfie  ARAR
ViR
OPT' . ?l/ ‘.2/ v meiY ‘k;lk"', ...jm
SN -
> (ireedy BIFTNA Ykt ) 4 wm[ivl i



Data Compressivn £303
¥ prefix: fora sting S =00 An, for 120..n. Qs 0: Vs &
prefix of s. _
= PABLHERBIRL A prefix oode. 5
A prefix (free) code for an alphabet 2 75 @ function r: 2 [o ]
suth that for any  @.b€ 2., rea) is not & prefix of reb)

Input: An alphaber 2 with frequence 7[0 breach @€l . Assume 2] 22.
output: Q- prefi code r for S that minimies ;g5 Iyl fo

code < binary tree
A o S
Lo
¢ o

—— — — —

(E48 A 00 o A |
G ol = °/<l o?\l
g::td

D (| Ao Bt b P e
A 0 o\
B (o A% A @18 7 4 RBTK .
¢ llo 4:> AN (X0 722, lfime;“»%)
p Il « P p%E )
prefrx Code r & 0 binary vree Where only leaves are labelled by distine
Z-—%ree o

M]"_zlrtmhctox_) & = dgth @ fe
U DA BRI
Input: = ond [fa)aes
Qutput: @ 2 -tree that minimizes fes depth (). fro)= ¢(T)
v
hottom —Up wnstty ction

co g = ‘-AD A:FC'(NFP

BO C/\, = B/?\,D A:fs*&"ubb

Hufvfman %Tﬂimum increasement in the avernge teaf depth
eq. 4



Huffman's Algorithm

. for each o €Z

2 create @ tree Ta of @ ¢ingle node Qo

3 -f(Ta) 2 fn

4. let F be the set of oll trees

5. While [FI 22

b. let T. ond T. be the two trees with minimum Jreg.

7 F F tTl TZZ

8. T:=merge (T,.T2)

. fIns fo+fm)

lo. odd Ts 1o F

1. remrn the yree remaining in F.
Tid &7 & fos B Rt e %
Lemmp : Let 0.b be the Symbols with min- {reg. There is on optimal -ree

n #it’ Which @ and b are Siblings.
Proof thy—serradictivn-
assume 0P T:fo K)(‘,‘\ _» must_hove 2 ohtlgren Ridi e
Jﬁd < howest level
7 zj.‘j B Z\dﬂaHQC%jms@lﬂ) Tﬁ
fa < 'f'c f{, fo) Qﬁ%\ﬁ %ﬁmﬁf
Theorem:  Huffmon's algorrthm gives an optimpl 2- ree.
Proof: by duction on 12k
bose cose - (5122, optimal (BB oF 1)
inductive hypathesis:  assume when (Z] =k, gptimal.
mductn/e step:  when lZ) kﬂ

b aval : C(TG) SC(T*)
TG TG’ T i’ =
Z; c(TG)-ctTG) /\ C(T*) «T C(T%) =CCTY)

~fa—1b
"FAL"FA*'FL a

AR A NNENENNINNNEEREEXY NN NNN & & 8



T8 js Z-tree for 5 =2 -[a,b}+ _[aﬁ\“memymbw
1Z'1= 121 =) 2k = 3550 Inductive hypothisesis . T2 LEMMATR

Prim’s Algorithm %‘d“it&iﬂﬂﬁ?
G=(v.E)

- ' ( V, ’ Vi) =2 cut
"l S(V,,h)=> mt get %\]ﬂ%
(assdme distiner edge weight) For any cut (Vi, 02) of (i, The min

edfe in §(Vi, Vz,)ﬁmrgct be chosen by vhe MST. .
K- TBEBOPT S (Eduv) 18 (v, w) B Ty B6 IBLEL)

. O\ AR EGRIRROBEN RIS EE
w) (L) TV Tlww)- vl ga 2504

> Prin's Mgorithm B R a7 B - 398y BhEIHL.
%k R FTE H e andp 7
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NP — Completeness
hardness complexity
sum —— 0(1)
hardest: incomputable (undecidable)
> Halting Problem - (iiven @ program P and_an input X. dvoes P hott onX?

Assume 3 program Halt: X =104 J/T\‘llﬁ@f
Halt (P.x) = { ves . Tf P halrs_.on X
{RAaR) nv, otherwise
Oingmal ¢P) =+« if Howt (P, P)
2. Qo vo Step |

Diogonat holrs on P if angt only if P [oops on P
let P = Diagon = Controghiction

“computnble loxtty 0l0s$
problem \ computhble P m&gg{:ﬂ’

PSPHCE . 00-NP., RP -+~

. Given o weignted groph G, ongd vertices s oandt, what is the shortest
path from S to +?
i what s the length of -.

@Gfl’eﬂ G. st and integerk. is there o poth from svot whose lenh<k?

‘voecmon Qrubié;: yes or no
22727 ( m& l Wllﬁfﬁzk 23'277) =28
-ﬂﬂ"lﬁ&% =R g 2 leyngth ) @Wz P3z2 Hecxt
RN GRR A PRk AR B4R R ) 2 22/
KB, st k) —enwde . pinary sty
le f enOoolEings O‘P <G.s,t. k> forwfwmch the Qhswer s ye4}

€7 Gwenafmrgs s € X ¢ la‘\igwge

plecyst

provian > anguage 1eRRRR
ngtance s, SUring s PHHES.

<G.5.tk)



An algortthm A s a program when Given G string s . rEvurN es or MD-=>/A(s)
An olgortthm A solves o problem X , if {or ony string s, As) = yes rf and
only if s<€X. '

An olgorithm A hos & Polynomipl running Time if there 7s o pokynomiol futhetion
pC ) so thox for every string s, Aterminoteson s within PL(SI) steps.

P'1s the ser of all problems fur which there eXists 0 polynomial time algofithm.

satisfiobility problem (SAT)  EdBHRG K BVEREKAE
(GVRVX) ANV V) A (Xivihe VXW) 2D hint (Xi=], X221, X39 Xg=1)

We say & is_on efficient verifier for problem x if -
(1) B is a polynomiol ~time alqorithm that takes twe argument 5 and

(2) there exists o_poly function P() so thpe for every string s, s€X
e A~
if-ond only rf 13 0 string tlsuch that B (s.t) \J\in‘%éﬂ =l ’_)ﬁ 1

(75 3.0 /:T\ rAVE B A e ¥ \/ A4S 77
[ (5.1): Dy ) T e v os 33815540
[ evalugte s under t. (P a3
2. revurn yes if s is satisfied by ¢

ne ctherwise.

Hamilton oyole problem
Given o G=(v. E) . Ts ther o simple cycle that visits all vertices oxoctly oe}?

=2 hint : 0 simple cycle 1 7@%9&@]@;1

NP is the set of oll. problems. for which there-exists an efficient verifrer::
RSP Ak )

X<P = 34 solves x R B(st):  lrvun A on S B R
2. return the result

\ Pz NP ? -unknown  FifEgRorih
: 7 hods? FVPTHAIREE 7 4949 (reduction)



reduction )3
X Y.

£ - polynomiol - time

% r’ly:‘f(]x) ‘|?{% L;;H:] yT"jjﬁrohj/\/.
Ir€X 1y> 'ﬁlx){—r ff#
3 polyaomiol -1ime plgorithm  Ar§ solves T, 17€X? %Jﬁﬁi%/%ﬁé;{"{

L= (F=#3x)=a 1 Atfin)

poky (11x1) poly ({,1,, )
ﬁﬁ'&fﬂ \/}g L,L f Mhm'ﬁ T e

%) poly (14) + poly ( ploylLA)) = polly (3)
Y X% Y. and Y€EP, then X €P

Il BTG
Q HCP - Homilton Cycle Problem (Wi fixRHL)
D TSP - Trovelling. Salesman Problem
(iven. a weighted complete graph G= (V.E), ond on interger k. is there
a simple cycle that Visits all vertices exactly once and with twta) cost <k.
ofdw HOP ¢ TSP 7 Aadeif oGk
G=(V,E) 3= (V.E') ond k'=1V|

il G hos o Homttanion Oyole, G hos a solution with ost ot mast (V]
'“f G hes no Homiltonion Cyole , every solution of G' has oost ot least DI+

oCligue Problem .
Given 0 groph G =LV.E) ond on Integer k does G has o complere Subgrop

with at least k nodes ? wque

@ Vertex Cover Problem:

Given G=(V.E) ond k., goes G has Q vertex cover with at most [’ verTices
V'CV st awtly e<(a hoas pr [eastone gnd point in




Cliqgue  <p  Vertex Cover : ke
G=(V,E) 6'=v,er WR#, kg
k k'
E=VxV-E

<]/ s

o

C is a clique in G if ond only if /-C_is o vertex cover in ()
D) KEH (W cadigue 8, v-C Al vertex gover)

Je=(U.V)<E " and u,v¢l-¢ 2 (UWVEE ond w.vel 7“"""‘1“9%{&‘

&) Fuvel amd (wEE D U VV-C (V) EE o Verter overF @
(% ¢ 74 cligue) Q@

LEMMA: OIf X <p Y amd Y€P. then X €P s
@if X< ¥ and YSP Z, then X X =pZ €

¢

¢

¢

We say a problem X is NP-Lomplete . if: |, X €NVP
2, aﬂy problem in NP ¥ <p X
2LEMMA: iof & NP-C provlem €P, then p=NP
first WPC problem :  cireuit- SAT  problem
XéNP > is NP-C ‘
NP-C =p X > ; § (
NP-hord - ot leost as hord ors NP-C
Co-Np = (%] HN[’}
r?‘ﬁi’é €81, 7w hint G vk 1\5\5\{%‘1&? o) wfhint FE ik
PLceo-nfP  pmof: X€P ., FeP > FENP =2 Y€ to-nP
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App roximation
BirB:

|, Al jnStance
2. polyhomial time

5. optimal solution 2,2 LA oty

r

TELAEEREEK :an«ooooooaccoovdéd

Binpack Froblem (NP -hard)

Input: n items with size S1.S2, ... .Sn (0<Si<])

Qutput: pocking the Ttems. using {ewest bins with unit apocrty

7 1 nextfit:  NRFGR. m?f\TMT-m@%
V€ Bi.Ba, ... Bk BI%Trem B Size H S(BY)
$(B1)+ $(Ba)> = S(B)+25(Be)7 . +2.S(Bk—i)"5(3k)>k'
S(Ba)* S (B3)> ] 25 S(B)>k) 2 £ s(8p=1

30?:2-"—’ NF 2 : szm oPT?m,,

;= - +
Bl 4 e s, S OFTzm

:?op‘r '<'~ " vy T he w\ﬂy&v‘ '\T'tf‘
T, 2-0pproXimaition algorith m

Tt has on approximation ratio of cot moct) 2.
ahsolikte QF\PFO\ rc\\\o

ar.,
/s Given on_olgorTthm A. tf for ony instance 1 of o problem, o'?>r(1) Al

we.spy A.is o 0(n)- approximation algorithim, V 5
4 (1) Prcl)
() AL

e e = £
PP EATARATCRVER mow Ty
. fnyfit. (/T%) for 121 t0 n:

/ |{» omy openeo’ bin has enough $pace
{rrs-ffrt bu‘(ft‘t W°m{‘f H'Bm i o one «rf such bins.

#5)%77 PGB, it lse s

open a_new bin uye|fjid

S (B )4 S(BR) >

(41

~N

! i~

-

Thesrem: put item T info it
f%F(l).{ﬂOFR(l){wAnyl Ond the bammd s Tight. ),
- FFe1) 31, BR1) = 1.7 (oPT (1))

(FF(1))



f*{u‘S‘t {‘f olecretxsmg =cort t -[-.r;-t -frt y
best -ﬁ-r dec”’“mg =sort + best 'F* QS/HPOTO Tic approx ratio
Theorem = For any instance I, FFD(D) @FT(IH _g

&FD ]-'7420:(1) + 3
J@QJM OPT(.'L) <L O;T“_)* €3 ¢« tight

NF FF BF FHD P
PR
online OHlTne.

Theorem: for any binpacking Theorem, no poly-time algorithm can ochie

®@ecceccce &

S

on approximation ratto petter thon % unless P =NP. .
no online algorﬁ‘nm is better % 3
®
Knopsack Problem
Input: p tems  (Vi, Wh) - (Vin,wn). @
capactty C- ¢
Output : it the knapsack So as to maximize the total value. ™
PP- RN S4RiadRABRT A FRK :
Froctonal vercion  ( [V F 2L et rem) = greedy on s [ _
Integral verston  CNP—horel ) A1:greedy on 5% 7941, e
Item Value weight _oP1tl) .-l
Mg‘l c=lo. : . 9 |3 Al 1) € ‘
2 T |0
A2. greedy on Vi M= 0=lo  Ttem V. w o)) e
‘~l0 1\;" ‘ Aail)=C ‘

1
: [ loc  lo, <A —'O,C—d)zac—l'
AT1):  Lorun A ond Bx oon ]

>, return the better of A2) and Ax(1), €

Theorem:  A* has an approx. ratto of 2. (
P{‘o";{': J. : A*(l..)>

All) > 0PTwac (1) - Vmox A1) = Umax (+ ;

(

2 4%(1) = 0PT mcu,) > OPTawr (1)
D)2 DP.ITIM 1) ‘




V
%QPP JnV) V‘ZV: < nlmax 2 0n? Vmax) F# oy
Vi Un d=0ad (Vi o, Va) Y Ko 3y,
Wi ---IW'I W, J Wn

®E ﬂﬁ%ﬁ u?’l "I%"‘

w@ 512 [ [ Vo = [ Aoz | - [#]= (%)
R0 (n*Veox ) = O(L) IB Vi Tﬂ%ﬁﬂf\%‘&‘l«ﬂ BoHTa% .
'I"UEITGW'%ES va(S) .43 Vi, Ws) = .es Vn .gf"'_] {es_oT'gg""%

/\\<——’-—’
R A 2_( L)) = l/%lﬂ‘;\ —‘%Q-m
nol+ V() 2 d-0s)>vee) —Q
5Vmax+(/(9) il
¢ 0PT wnder VI—>3 uS)\, 0PT under vz =, .S

BO: \MMM %

B®: o V(s) 2wls) 2y % '

> V($)+£Vmax> am) dvl Tk,

(
% %
V()4 6§ Vmex 2V(s*) D)z (- W&
VlS*) ‘/Mo.x '—V‘;‘(JS:\—)Z—S s ‘@
Lﬁ/&/\ﬁi aEE
A polynomial-time approximation scheme (PTAS) is o Sfomily of
,algor”ﬁ)m ff}s]oo SUch thot 'for any s>o, As (s an ([+£)-0pProximation
algorithm thot mns in polynomial th n (Qiven € is a Constont)
o(n) PTAS.
O(f%) -poly(n)) elfictert PTAS
0 (poly t£) -polyim) full pTAS — FPTAS.

K-tenter Problem.  (VP-harol)
Inpat: n site Siu..., S ond an integer k.

>}

.=t % >8T st B oz Center 1%% mo )r'qm\

°
» 0o

uvbdaooaoootcoooaooooee«

Output: o Set of k Conters 50 08 o mInTwize The moximiam glistance
.M trom o site w0 jts pearest (enter.



dhistcxy) = distance frepee- hetween x ond y.
thstox.er = st ony) , ree) = M distoxie) -
~fmo| o set ¢ of k cenfers 0 mmimizes rcC).
Fhl.
T~{- k=) % r
P T
select one site 05 the ewer., =2 2 > jhfig
Assume we know  OPT r*f 3 while' there exists some site., pick on orbita
one as a canter , remove Al the sites within 217 Fromﬂe center-
ree) * o TRl <k)
Gprovt: Ridik. ossume IC) 7 k.
¥ei. ci€C, dist cein G) >or* N
@ ket & 0T RBKT conter. ¥R -T BB RE IR0
= ¥ p i) 5 ox X (*¥)

2 N\
H‘L)%%] !A* & ://-Q\E, (O,dmax)ﬁ']??),m

752, Gireedy (51,52, .. S, k) B sET’X-\ﬁﬁﬁ
i Ly ;'ffl}
y 4 {'or =2t k
3 select the site 5 with woxtmun dist{,ci-)

4.. Ci:Ci-| U(fj]

£ return (k.
FCCk) s 20,
Ob servption. Eetert— (,‘,-(l
@F(C[) >r(G)> - 2 relk)
ACk=10, O:, ..., 0k]
dist.(or, Cip) =7 C(ia) 2rCck)
<) dist (oY a) 7 dist Loy, Cj) > reck).
fissume 1 (Ck)> 2r* ka4 site BYdist > reckyp2rt
o v AR,

Theorem : 2 is 'ﬁgln‘f bound unless P = NP,

......-oQoooooooo’o‘%oonae<



Local Search
optimization problem (minjzgtton)
C=1S[5sis ofeasible] MR
ol Gl
ffnd org min ¢(S)
seC
= [vea) Search\(C  ¢)
l.pick o solution S from C
< while S has o better neighbor S Cecs’)<cts))
3. Fu=§ = R 3452 10)/% . 25 neighbor

4. Vertex Cover Problem
Given o G =(v.E) Scv, st every e6E has at least one evlpt
find o mininum yertex .gover S
C=[slsis o verrex vover|
el$)=:15] | : ,
nerg.b%rhnd/@@ =[s'| s"is o vertex cover and S’ can be obtoined froms
by adoh‘ng or deleﬁng a single nede }
Metropolis  Algorithm
[.let k. T be two Constant
2.pick a solution § from c
2. while true:
rondomly pick o scolution S’ from NL$)
i cts) < ct8):
2 S"
else: i/ el§) =z cLs) aC>-aC=cls Yy -cLs)
set 525" with probability &= e
break when certotn conditton hdds.
imulated theolrng = grodually decrexing -.T(« . 135)("

Wy FORe SN AN B

. Hopfield Network Froblem
Input s (= (v, B) with edge weight w: W2,

‘B R R NENNE I NNENNFNEEENY KX X NEKN K8 8
S



&
31
&
WM‘PEQMMTW\ = = )
s V> 1141} . Given o confiquraction s, ¢ (u,v). is Q goool e ge f'f < ﬁ(‘l
(1) W9>°,$<W¢5"V)}Wesu.$‘u<v & l
(2). We <o ,Stu) = Stv) o
baol edje otherwise. ;| '
Objective 1. mox /5 |Wel A HHY 1 ® |
meedge ®
Objectivex 2.y moximize goéd' edge | Wel (e BAADAF B R A. !
LN e Tneigent o U ®
z 53
== ®
gwol  The} govol fac] e
bad foc.0b] 7 bod [ab.be) : (
V)=2 U [0)-?} (-'CZ-"’F:g\‘i ‘ ‘
Given q WHfiguraTTon . & node uis m*rsfl’ed ﬂ": @ |
2 2 Z
goenl e el 2,5 40 | Wel ®
e incidlentwu e incident ton
A wnfigum‘ﬁo» S s stoble f]c every nople y is SQTis][ieD(. . ‘
®
S‘tme -l 441 nq : .
- pick an prbitrory wnﬁgum‘fion $
2 lohile some node w is hot Sotisfied ¢ RER RS 1ed D
3 Hip the stote of u ®
Y returm $. _ tmize objective ! :
Objec?;l/@ T3 qm:ﬁf;ﬂ‘””‘ seorph To moximiz "i‘@’ P”"’TL ®
D flpv o
$s) 'e%evod [ We| S 5 &(s') 'ét:)—g%d,gﬁdf%,w“b
£05) 3ts’) mcident tow  fcident V.
> P8 )23 0t] D F)<Z [pel= W
e 75 0 out edge & e is & Googl edga)_(w all €.
2.4.> Moximum Cut (INP-horol) = A speciol ase of Hop{relo' with We >0 ' @ V.
Given on undirectest qroph Gz (VE) with edge weight w:€>2" 1
A out (A.B) is a portition of V imo twp non-empyy _subsets A and B. 1
S (4. B)= fw.wéE{ u+,4,ve8} : “’M'e):e%zm'g"f € \\1

Input : 0 edge weighted groph G=(V,E)-  Output: o moximum oe. (]



State - flip - Mox - Curt

[. pick an arbitory wt (A.B)

2. while somenode u is not satisfied.
(mzedqe We ‘ﬂa%utedge We )

meident to inoiglent to n

3. {lip the memship @W“t bogl
2 locol_optimum.in 0(W) Ttervtions
2 - 0pprofimation . % (759“°‘°'P"W'
prosf- (A, B) is stable. =
for wen. Ebe MR . 2 e A

e=(u, V) €E T exXu V) E
——V£h veB
S 7 " .
2(%){5 s a%,ae.—cu,wee We = uﬁ% é%u,v,{g e =w (A, B)
U€A, veh V<A V€8
22 . We = w(A/B) 2 BB
U, v
2We. = 2 W? ws Z : 1
S ) ey W e{éme) We
U+A, 14 _Lu(-B.V(-B- 4 > We OPT
< SWA,B FTW(AB)+W(A B) D WA B)ZE > =

VV“T’]‘WT#?]&;\\I 3%&"‘?5? ﬁﬂlﬁiﬁﬁf( ?/%m\%%\% 2- awmxilﬂw‘ﬂm (x)
Tolea: upolote only when there is o big improvement.
214p a_nodle w only when it increnses w (AR by a fraction of x
least 7% =2 &rflp. vg(A’IB')zA(H-i)wm,_B) |
B (1+5)F 22 DTEw 7 R Hrd i d Fa- I
O (%109 ) frerctions.
(*x) A% 'X.L‘if_z@fv(iﬂ;i‘k"]ﬁl(m»é )- 0PPro X imaton,
| RS,
Kernighan oad Lin (970D
()Q:B)-') f (/4_’1 8{77, (ﬁhB}), (A‘Iz—l, Bn-—-\)}‘
hehbor Mﬂ@%m&%ﬁfﬂ%
o(n*)

Y TYY I NN L rr Xy »w



R ahdomizeof Algon‘mﬂ% 2

deterministic algorithms TR oRp ARk
’
* Wndow\izw{ dlgorﬁhms

‘ Hiring Problem  (Secretary problem)
n condidetes

| hire the best condlidotes
2. minimize # condidotes that are hire)
dlg, d: : - ~
o 1= ton
if condidste 1 is the best so far > any deterministic oly.

hire hives n condidotesin lwortt cose

P dn: logn condidetes in evpectations.

randomly permute ol vhe andidates.

rwn glg_g\_
PN"’{E Jor lan: Ai = condidete T is the best among the first © condidorss
B (B = -—: '
| Y; :' fl | i} corolidate 1 -is hired
2 otherilse

1=l

X=5 ¥ (BB &)
n
£ =5 EON=2 <hnet O0)

(=1

(%) 5 W 33 1 9B
hire one candidate , moximize vhe probabi\ivy That the best ocandidote



(. tongdomby permute all the candidates
> nterview vhe fairct k candigates

§~*vr‘\= k) w w

| 54 ot
Ll’\ ‘{' oondh; date RS botter Vhav\ the bes't o{\ the -{1’(51 < cand da 23

-

3. hire 1
b. brexk.

Pr [the best comdidate is hired ]

4] 2 -
- Zk‘ P [ the best condidate i ot position © ond _candlidode T is hired ]
‘: ' L] P

%, Hi B

oL . 22 ;

s o MU ABOF= e PR BERAY, D)
Pe LA =7

Pr [ Bi | Av) =Frlomdidare kil iV 05 ey By A BIAD

worse the the best of the st k )
= Pr [ the best of firct i) s among  pandiglates |-- k]



A andom perma (01 /-, Oin)

) Jdent o.n,m., 0i, --- On

4 kizrangowa L, n') 'ﬁ@z‘il\ ‘l’\

:F[KO o=w 2 Pl S 5 By how
Idao 20 rondowm gthle

d
a ‘Eori;.l’\'_m [

‘ J = rondom (L. 1)
q

q

In

S'd

exd\ange 0Li) with &lj]

PER
q (XIV)EVX;)/‘(Y, VX2VXuy) ~ (- Vv )~ (- veye)
q n: # vorobles

k:3# clouse
q Xis [T itk prob. 3
q T with Frob. L r Monte Carlo
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