HO\s\n‘\ng Qna\ \A\Qm,\/ HV“'QXé



Peob abo\\\’\\'

___________________________________________________________________________________________________________________________________

EvesYs, Pe doo»‘;\\'r\\es,

Condif \W\m\ s ool \ifies ,

wivon bownd

Rondom va (jables,
expeded value,
\'mq.a('.\‘\'\l oY ex?e.c‘.\’ci\'ion
Mackov's \hequq\'\‘\y

Quickselect  (Hw)



3-SAT

ncmf\)ud'ive normd Soevn

Ppproximatng BSAT: "Max 3$AT

CNF Sormala T, %) = (kN V) ALx-)A
Q.. %) = XV V) ALN-IA - God: saiichy Mo # douses

M clowses, n variables Titec QS\"\V\% exen 15 @ s unsafissiable

3 (dishind) VorioWes per dause "d- Appr oximalion a\gor\’x\\w?\ de(o,N

A\%or\'\'\\m safiSies A OP TV donses
The silliest  APK a\\éor‘ﬂ'\qm

1 Soc i=\,...,n
O. Candomly ot X;= { TRUWE w/ geok .5

FALSE wl pros o5 N&AA A
.
&
We wills 7
Q@lx,,~ %)=
@ pProve 6\\\\/ Q\éo .\5 7/b - APX (V%)

AN xaN%S)

@) devandomize SN oo 2> determmstic. B-APX N
T %9

Even more Sweprising

”P(o\m\\s‘\'\m\\\l heckoble P(OO%; “SAT Proa,(umvv(MQ Lo«\av\%t.\ @
PCP T\\eo w\ “Xody XMy
( e ! X or \/“ xXVy
! et ’)(Q X (o %)

B o
(ZYO-APX is NP-Hacd ¥ €0 e



Q d‘\s\')dwﬁ Adanses

@ prove S\\\\I q\ao S 7/b'APX

The sifliest  APX a\ém-ﬁ\w\
a. romAcW\H [Xa X'\= {TKV\E w’ f(aL -3

5@ = (AN X NI (2N KN

E = QNOI\J( X C—\ Sd‘\é’\&a
E,: C,

1

Ve o

A

- 1
P(\.E\j‘E 21 = %
2R (I:m R Y'Ezj

m dansesS w/

D prove slly Q\Bo s %,- APX
Common me\ob\Q.S

The sil algort
1. S_“ i =\ silliest APX algorithm

TRAE w] peok .S
a. Candomly sef XF{FALSE :' :::g.

5@ =( KN ZN A A (7N K NE) AN TN A A

%Qth a\ Queﬁ \on

l'\ow 1o o\na\\/ze o ¢ QnAom'\zu:\ e dhanismn

wl & combomaYorio) exp\o.s'\on oY possibi\'\‘\’\‘e.s?

a donses w/

@ prove S\\\\/ a\ao s 7/%_APX
1 Common Vaf\ob\Q,

The siliest  APX a(aor’d‘qm

TRUE wl peok .S
A. Cordowly set 'X»‘={FAL$E :' :ﬁ* >

SO = (AN ZNAD AN (XN %, NF)

E.= el X C, salisSied
E,: Ca

Y Gle, el 2
\/\/‘\./
("

P(YE\,EQZ
P( -EE \JE)_\')%:-Q' )i
L/B—/-\/

P d

SR

Blg idea:  we only wart ‘the overase

Lineariy o9 Exeed alon
E [X-\ Y‘\ = E [)(X + E (ﬂ (fdicoudy usesul)

a\le,mée_ S = Sumn S o\veraée;
Ei= el A G, saidied
Ez: - C, ~— 1 . . . e
\
B — ¢ \et \f-‘:{ $ ith Jause satisSied
% O oStwerwise

G=1, %)
EYY\] = 7/8 (1 (.\G\ASQ (,q,ge)
m
Ef sx] = 21 |= e 1T

\= 1=\



let .= { 1 S ith Jouse saficSied
O otwerwise

Z= %\(\ = ¥ douses sanisSied
E[Z)=Yelz\x=1) ¥ $E[2\7=5]

2 edwer El2\xA1 or E[Z\%5) s 2 ELZ)

Elz\xatl o E[Z\%=51 s ZELZY Wi sl
\
. z= éa\(‘ Z ¥ dauses saNishied
how Yo decide which’

E[2\1et]= el =)
q\

QQS\/ Yo Q,c\\cu\\ci\'e,
S0 we Can Compuiie EYZ\'X\r—‘\'], EYL\'X,_‘-’S]

ondh decide, battec

E[Z)= €2\ x,=1) ¥ E[2\%,=5]

|Y\A|AC\"0Y\ 'STQP .= {1 1§ ith Jouse saficSied

\
O  oiwrwise

m
Z= 2:\(\ = ¥ douses satishiedt
=

Q,,~,o¢ € i'\'ﬂm, Solse§ sx
E[-Z.\'KFO*\, >, ’3(\"40&\«3? E[Zj

E[Z)=Yel2\%-1) ¥ E[2\ =51
B2l el A

chs\f Yo calulate

Oone o% ‘\’\nese,
must be %000\

E[Z\'X\'-'Q\"”,'xk=0\\:) = /
%E[Z\'XFQ\*IXK-‘O‘K.'XK-\-\‘T 1" >
4+ ';'E[Z\’XEQ\"“,'X\(-QK"‘XK_\_ﬁF—)

”me‘\’\r\oo\ oy condifional expe.cfot\’\ové



Rownd ovmzed Sorfma_
()o a\ ; SOFY At\ )™ ’hj
S\\\\, o\\%of\“(‘\\m:

|. dhoose €lnd Zm/}ov’ml7 41 random.
Q. Recursivd\/ corT all #s > ALY
3 Recncsively sot o\l #5 < ALY

A
Cealed  “Quick-soT

we wil\ Prove Yok QukSoct:

Random  divide and congques

® ?ick random ”9\\16"{

@ Piide A Wro Fwo '\m("Cs /
<ewov % > p\\lo'\'
\Lso\* CRUASN o.\\l \l/.sm;\' few\\{m.\\l
< p'\\Io"Y, socted % > pivé\', soried

® Yakes Olnlog W) time /n expedation
@ Tokes OLh\ogﬂ 'l'iw\e, w/ lvigL Pfo(w(?'.'i""/




Expecfed Cunni ng fime o QuidkSoxt
For each 13T\ w/ 1<,

X = 1§ N soadest domexst is
N\ Compared Yo Yt na>—
O  stherwise
Z,X = dstel ¥ COMPACISONS mode
- by e olyorithim

~ Yool rumn'mg Tiwne

El 2%

= average Cwanwng Tv
\<J %Q, W\Y\\V\é_'\' YN

E[ 2X\ @i E[X\’X F[xm tfmtm

‘<J

Now O\Y\o\\/ZQ E[X-\-;\ M Ase\ahon

EQNQQV\W\ SYY\OS rgg i

E[X\\;\: ?r-[x\érl’x
_ P [H’\-\ elemenl s
- Comporad To Fth

1] DY%J

Hh dem 1S c.om@mcqc)\ w/ Jth

=
ith oc Sf\f\ e seied

lﬁe,%ore, any e,\e,muﬁ W batweeN
(\\'\Q??Q.M w/ Pro‘oo&'\\‘ﬁ\, '5%;\?\

ED(‘A - 3'\*\

Bl %] = iE[M 3 ereerdion
Q :
P2 U g\
@2 , v B 2:-'\ é}'\ o

< an (THF )

< Oﬂo’%_‘(\ld vih hacmonic

nimbex



’ Avir 0\3: onalysis o3 laoithims

(withoX sm\%'\dn%_ worsT-cose Cobusiness)

@ AY\‘\OV_V\ZQA oW O\\' S.\ S C'ave.(aée:‘ (N K\h&é\g\s‘\)

@ Romo\ow(\ze.é o\ éar'\'\\nmb (“over uaef over vandow bits)

Both ave Vety pfacf\w\, MSrecniY pers?eé\‘ive.s



@ RQ“AQ“\\ZQA O\ gd .\*\\M S ("overar Aé oNRr

\’W\O\o\m \7.\'\'-55

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Hash  Sunclions,
Mackov's Tnequ a\\‘\'\/

Hogh Yobles,

Fre.quwt\cxl Estimalion,
i Henv\/ H\‘\“‘\’ QA(S (i sveams)



5.5. Dictionaries

Another useful data type built into Python is the dictionary (see Mapping Types — dict). Dictionaries
are sometimes found in other languages as “associative memories” or “associative arrays”. Unlike se-
quences, which are indexed by a range of numbers, dictionaries are indexed by keys, which can be
any immutable type; strings and numbers can always be keys. Tuples can be used as keys if they con-
tain only strings, numbers, or tuples; if a tuple contains any mutable object either directly or indirect-
ly, it cannot be used as a key. You can’t use lists as keys, since lists can be modified in place using in-
dex assignments, slice assignments, or methods like append() and extend().

It is best to think of a dictionary as a set of key: value pairs, with the requirement that the keys are
unique (within one dictionary). A pair of braces creates an empty dictionary: {}. Placing a comma-

separated list of key:value pairs within the braces adds initial key:value pairs to the dictionary; this is
also the way dictionaries are written on output.

The main operations on a dictionary are storing a value with some key and extracting the value given
the key. It is also possible to delete a key:value pair with del. If you store using a key that is already in
use, the old value associated with that key is forgotten. It is an error to extract a value using a non-
existent key.

Performing list(d) on a dictionary returns a list of all the keys used in the dictionary, in insertion or-
der (if you want it sorted, just use sorted(d) instead). To check whether a single key is in the dictio-
nary, use the in keyword.

Here is a small example using a dictionary:

>>> tel = {'jack': 4098, 'sape': 4139}
>>> tel['guido'] = 4127

>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel[ 'sape']

>>> tel['irv'] = 4127

>>> tel

{'jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list(tel)

['jJack', 'guido', 'irv']

>>> sorted(tel)

[Figuido S irrmyie ity ack ]

>>> 'guido' in tel

True

>>> 'jack' not in tel

False
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OVERVIEW PACKAGE USE TREE DEPRECATED INDEX HELP Standard Ed. 8
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compactl, compact2, compact3
java.util

Interface Map<K,V>

Type Parameters:
K - the type of keys maintained by this map

V - the type of mapped values

All Known Subinterfaces:
Bindings, ConcurrentMap<K,V>, ConcurrentNavigableMap<K,V>, LogicalMessageContext, MessageContext, NavigableMap<K,V>, SOAPMessageContext, SortedMap<K,V>

All Known Implementing Classes:

AbstractMap, Attributes, AuthProvider, ConcurrentHashMap, ConcurrentSkipListMap, EnumMap, HashMap, Hashtable, IdentityHashMap, LinkedHashMap,
PrinterStateReasons, Properties, Provider, RenderingHints, SimpleBindings, TabularDataSupport, TreeMap, UIDefaults, WeakHashMap

public interface Map<K,V>
An object that maps keys to values. A map cannot contain duplicate keys; each key can map to at most one value.
This interface takes the place of the Dictionary class, which was a totally abstract class rather than an interface.

The Map interface provides three collection views, which allow a map's contents to be viewed as a set of keys, collection of values, or set of key-value mappings. The order of a map is defined
as the order in which the iterators on the map's collection views return their elements. Some map implementations, like the TreeMap class, make specific guarantees as to their order;
others, like the HashMap class, do not.

Note: great care must be exercised if mutable objects are used as map keys. The behavior of a map is not specified if the value of an object is changed in a manner that affects equals
comparisons while the object is a key in the map. A special case of this prohibition is that it is not permissible for a map to contain itself as a key. While it is permissible for a map to contain
itself as a value, extreme caution is advised: the equals and hashCode methods are no longer well defined on such a map.

All general-purpose map implementation classes should provide two "standard" constructors: a void (no arguments) constructor which creates an empty map, and a constructor with a single
argument of type Map, which creates a new map with the same key-value mappings as its argument. In effect, the latter constructor allows the user to copy any map, producing an equivalent
map of the desired class. There is no way to enforce this recommendation (as interfaces cannot contain constructors) but all of the general-purpose map implementations in the JDK comply.

The "destructive" methods contained in this interface, that is, the methods that modify the map on which they operate, are specified to throw UnsupportedOperationException if this map
does not support the operation. If this is the case, these methods may, but are not required to, throw an UnsupportedOperationException if the invocation would have no effect on the map.
For example, invoking the putAll(Map) method on an unmodifiable map may, but is not required to, throw the exception if the map whose mappings are to be "superimposed" is empty.

Some map implementations have restrictions on the keys and values they may contain. For example, some implementations prohibit null keys and values, and some have restrictions on the
types of their keys. Attempting to insert an ineligible key or value throws an unchecked exception, typically NullPointerException or ClassCastException. Attempting to query the
presence of an ineligible key or value may throw an exception, or it may simply return false; some implementations will exhibit the former behavior and some will exhibit the latter. More
generally, attempting an operation on an ineligible key or value whose completion would not result in the insertion of an ineligible element into the map may throw an exception or it may
succeed, at the option of the implementation. Such exceptions are marked as "optional" in the specification for this interface.

Many methods in Collections Framework interfaces are defined in terms of the equals method. For example, the specification for the containsKey(Object key) method says: "returns true
if and only if this map contains a mapping for a key k such that (key==null ? k==null : key.equals(k))." This specification should not be construed to imply that invoking
Map.containsKey with a non-null argument key will cause key.equals (k) to be invoked for any key k. Implementations are free to implement optimizations whereby the equals invocation
is avoided, for example, by first comparing the hash codes of the two keys. (The Object.hashCode() specification guarantees that two objects with unequal hash codes cannot be equal.)
More generally, implementations of the various Collections Framework interfaces are free to take advantage of the specified behavior of underlying Object methods wherever the
implementor deems it appropriate.

Some map operations which perform recursive traversal of the map may fail with an exception for self-referential instances where the map directly or indirectly contains itself. This includes
the clone(), equals(), hashCode() and toString() methods. Implementations may optionally handle the self-referential scenario, however most current implementations do not do so.

This interface is a member of the Java Collections Framework.

Since:

1.2

See Also:

HashMap, TreeMap, Hashtable, SortedMap, Collection, Set
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5.5. Dictionaries

Another useful data type built into Python is the dictionary (see Mapping Types — dict). Dictionaries
are sometimes found in other languages as “associative memories” or "associative arrays”. Unlike se-
quences, which are indexed by a range of numbers, dictionaries are indexed by keys, which can be
any immutable type; strings and numbers can always be keys. Tuples can be used as keys if they con-
tain only strings, numbers, o tuples; if a tuple contains any mutable object either directly or indirect-
Iy, it cannot be used as a key. You can't use lsts as keys, since lists can be modified in place using in-
dex assignments, slice assignments, or methods like append () and extend().

It is best to think of a dictionary as a set of Key: value pairs, with the requirement that the keys are
unique (within one dictionary). A pair of braces creates an empty dictionary: {. Placing a comma~
separated list of keyvalue pairs within the braces adds initial keyvalue pairs to the dictionary; this is
also the way dictionaries are written on output,

‘The main operations on a dictionary are storing a value with some key and extracting the value given
the key. It is also possible to delete a key:value pair with deL. If you store using a key that is already in
use, the old value associated with that key is forgotten. It is an error to extract a value using a non-
existent key.

Performing 11t (4) on a dictionary returns a lst of all the keys used in the dictionary, in insertion or- 77l e ey e on e
der (if you want it sorted, just use sorted(d) instead). To check whether a single key is in the dictio-

nary, use the in keyword.

Here is 2 small example using a dictionary:

k' 4098, 'sape’: 4139)

'+ 4139, ‘guido's 4127)

tirv's 4127y
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