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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, 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 1list(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)

['jack', 'guido', 'irv']

>>> sorted(tel)

[Figuido S irryie ity ack ]

>>> 'guido' in tel

True

>>> 'jack' not in tel

False
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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 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 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’s 4139)

': 4139, ‘guido's 4127)

tirv's 4127y




\/e,ry sfecﬁ\cx\ Cose

\(e\/s — QOY\-".\éV\OMS \V’\'Yege,( S ij.,m.lﬂ

e. 9. woex  vectices o5
a\cdrmp\r\ Ny, Vi

(oc o¥fec re'\v\o\ex'mg am,‘\'\\iv‘g_, rea“y)

Sdulion: Arcoy AlL 0]

|k\ | k,.|\<6||<..\|\<5|k6|l<_,|K§|\<o\|\<|°|l<“| 3

O0) oaccess, An) space



ke\/s - Con'\'\S\AOMS \ﬁege,( S ii,mn,"&)

¢q  Wdex vertices o5 cdfmp\'\ N,V

(oc offec re\v\o\o.x'\ng an\,‘\"nivx&, ceally)

o
5
=
>
>
“
3
4
3>
=\
)
2\

7~
[
cal

~
<
£
<
Ch

~
=
&
)
K
o_
iy

o,
=
Z
S
2
o
S
Z
1

P (44 ;QC\' S‘of S\'CX\'.\Q, selY \n%ﬁ wkexe WR con re\v\c\ex
"\'\\Q .\V\‘N\T Onhce

Bod S OL/no«mic, sir'ﬁngs whece Keys cJ\ahge.



MO(‘Q %Qne«fQ\: (’M S’o( ”un.\ve,(ser, U Ia(ae)

keys = m infegers  oul S 12,7 US

[XJe [x ]~ [x[R] x| ~—]xTkd x[ =] [kl
W HELLO

Y S‘(mcés- s Asil 73 69 76 76 19

i bif Q-N-°J\“35 =7 7346923+ 7T+ Texl3F 1711+

Tdea 1 A(rm\I A[ﬁ,”"’ , U]
O)  leokup / inset/ daléte.

O  space (35> 0O()



keys = m ‘\n’(e,aers oit & 11,7 U5
(U S v, U by Tdea 1: Accoy Al U]

2 7Y 3 el 0 Y SN et 0 ¥ 23 ol I O loskup/ insedt/ do\dte.
M HELLO

‘Q.g' Stings=+> Aol 73 6976 76 79 O space (3> O)

v bit Qmoclmas =) T2+ 6903+ 70T TeeldF4 19123

access 6

Teoa 3i  se\S-balanced “rees
O(n) Space

a % 2\

O(\bav“ Time. perc v b,

loo\cup, nseclion, deehion

(maw&'lz omnor'\' .\2-?—0“

cq. splay Trees




Ar coys Seacch Veees

% A\

% %‘n—- ¥ ¥ | = "/yvv- @ \.q
Time OO O(\og_ n)

Question: Covm Wwe o(\é‘\' e best & beth worlds!

Yes, with randomizdtion



Hoxsk\n%_ o el \r\L\<\ moc\ ™

Goal; hash info a smaller arcay and ochiene
accay ke perdormance

One. problem: Col 'fs ions

hk)=hk)  (same skst)



Some WOs\IS o \'\av\o\\e, co\\\s\on.s

@ W\o\\:e. O (e a\\/ ‘o\% QX\ouxék ‘\'\\OT\' ‘H\e(‘e. are
(erobably) ho collsions

@ "c,\wo(\vx\hg: \Wked Wb of each cel\

@) ‘enckoo \\06\\'“:\3\\ hee. o hach Sundions h, and W,

5 K (k) And W0 o) re,o.c)\/ oc,cu\:s\e,d ) T Yo mass\gﬁ
ohe o e conidlk Yo Theic othes \MA\, ele.

@ & ALKOD] Silled Ty ATWHEL  ATHHIY, ~7




n
IIIIIIIIIIIIIIIIIII:

E Unwersal Hadn Funénions NN

K

v)

bW ISk s Sorall Po\\rs V) 3E LY, !
_ . i E
P(\— \'\('\) = \chv‘\ = |’ (rch weakes Yhon WYeal hash) |

Ee% h(x)= ((o\x-\'bw Yool ?3 mod ke

i Whexe e

P pwe, 7K

sawm 1), ™ p5 und candom

*b wn 10, P'\\S umd. Condowm



C\\a\hin& + Unwersa\l Pash Fundhion

h(x)= (0x+b wmod p) med M




“QO(QM \hse('\' / c’o,\ QT e./ ‘o bkue _\3 \<g C\o&nin&-&— un\\fe{sq\ hodh

hG)= (0%t wod p) wed m

O+ "n) tine in erpeciation %Wﬂ*
nd v ~ L«

N IV ORI R S O R Z:‘ R ~1"
E@ 17 A i W = 2 |
[T T Tl T Iel30]

X \ - \N/ w\‘ﬁ\{ n=ttkeys m= size & arvay

(O o:kkefw\sc . ( 2
t \'\m\‘\v\é )ﬁw:c\ @_El.i‘)\(-'] _ ZE[X."\
=\ ,Q 2\

e (CK o:k\m

e 25 exP



Toc)q\l @ Romdomzed o) qof Yams Covectg ovee candow W)

Peobo ab\\\"&, A\ 30(\’(\&“5
k-wise inolependlence., Hash dables w/
Mgkex orolec moments ‘.’L‘“*“‘“g N

\\V\Q.Q( e o\)\v\}

(ge,hesra\\z&\' ‘\\3 wawversal hagh
Swniions o Madeor’s inequoliry)



Toc)q\l @ Romdomzed o) qof YWams Covectg otee candow W)

Peob ab\\\"&, A\ 30(\’(\&“5
k-wise inolependlence., Hash dables w/
Mgkex orolec moments ‘7“‘““‘“3 "

lineae (xoh'm}

(ge,he;ra\\z&'( \\'\3 wawversal hagh
Swniions o Madeor’s inequoliry)



L.\V\Qaf ?(‘ OB\V\% (nsed n ved ety %)

ihsevT X (K
N~ \N/” \~\/~ )

VN
4l B4 x| %1%

\r\(ﬂ W WY W3~




DQ,’ ehow "c)e\ efe ’X“

T4l BB =]

W(R) HOH Kk W3 h(z) W)

@ SCown -\’b S’\V\O\ ’X, emnwve
® keep Swvmif\g- to SN wWhdes

(6S¥er delehion)

4| ARG = | |

h(z) W)



L.\V\QO\(' ?(‘ OB\V\% (nsed n ved ety %)

“iheevT X X

4| G x| %%

\r\(ﬂ\ W WY W3 A

Mawm Queshion' \row \ovva_ \S ”(vw: 7

(om owerag&
(S0 m=0(n), m=size S5 aray, n= keys)



L.\V\QQ(' ?C Qb\v\% ('\v\sexT W el e.mé'&, 6\6\5

1

%% %

N <

% 4\ %% %%

\.‘(70 hEH Wt W3

Mawm Quesy on', \novl \DV\%_ \S '(V\Viv?. (on average)

Texm‘\vxo\cgl

“ \ms\\e;: “ox hodhes To A[;f S W=

occupies . X ocwpies ALY & ALL=X

\

”[a,b‘x = wdices iCA, o\ - b | W\E

(\J (0SS ov\w:»




“inserT X X o .

WA hn h@Ha Wawd A

(dddte < X P

A2 ARBRAR A A Z2/AREE A

WRA) HR @ Wawd A W) hiy) s
“x hodes o ALY 1S W=

" ocopies AGT & AL1=x

MO\.\V\ .\V\V Of .\QY\_\— "Tab1= {0, an\, 2=, b pod

15 X Occupies ce\l L, Then
Q\\ OS' [\‘\('K\‘ 2.] ou,uviq_p)

4| ARG < %%\ %

hR) "R h@r Wz A )



“inserT X X P .

WR) hon h@dra Wew A

“Jede x oy

%\ %% AR A A A A ARIRAE: A/

WA heoH k@ W3 A W) hiy) S
"X hodasTo ALY 1S W=

MCA.W\ GAAQSV\O(\Z \\Q\A \ov\(a- \3 ”('\AV; ? "% ocwpies ALY S ALi1=x

V] ~ A
(Gor Mm=0(n), m=nze &5 aray, n=¥ keys) (o owe(osga l:a,b'\ = {(‘)\, O\‘\'\’ -, 6 W\OA‘ W\FS

o Knith, ld64: O Soc sckeal hash Sunchions

whaY aboim W/ limited vondommess!



/<"wise. \ndepmme ‘f\&S\n §’vm€\' onS

h: ﬁ)\l > [wl ot

%Of O\V\\/ | 3 \Q-\/S K Xa, ™ 7('\Le [U’Xn
K volues v, vy, V. elm]

PB\(’(\):\’\»\"QXQ:\’% ’wl\"('x\‘ =Vx - LW\\;

2g hO0)= 6o Yo% + o X ¥ ~~+a, X wmod p

wheve PZUN  prme,
Qo, &, ™, QK-\ & [?_.) l.ho‘ep, u\hiS'ofm\\/ fO\ho\OW\



- e X P

WR) hn h@dra W A

| "Je\ej'e, 'X“ x /_\

%\ %% AR A A A A ARIRAE: A/

W(A) e k@R W3 A W) hiy) L
‘X hodasTo ALY 1§ W=

MCA.W\ Q“Q§\M', \\O\A \OV\ra_. \3 "(w,; ? "h'x 030*9\55 ALY & AL f—>.<
( EGIB‘X':- {o‘; d“\'\, ) 6 W\oé‘ W\F‘S

Goc m= O(h\, m= s1ze o5 aray, n=¥ keys) o owe(ogo)

o Knith, ld64: O Soc sckeal hash Sunchions

° ShmaT, 5\e3d 90 O) Sor O(\o; n)-wise
.‘\\c) eee.nc)ex\'\' \'\QS\\ S’W\C\-;bh

° PO%\" Po»g\\ , Ruzic 20070 O0) Sor S-wise
mdependeriy hash Sundien



hsert X X . . I

WA hn h@Ha Wawd A

. "Je,\ej'e, 'X“ 7( o~

%%% @ %%%% ‘3?’7 z AU /3

WA HR h@¥ Wawd A W) hiy) s |
"X hodasTo ALY 1S W=\

" ocenpies ALY & AL1=x
’ Ealb‘g‘: %O‘; at\, M)L w\oé\ W\F‘S

Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing
takes expected constant time per operation.



Toc)q\l @ Rmhao‘«(\zer) o\ gcf 'ﬁ\'\‘mb (‘overage over vandow bits)

Peob O\b.\\\'\\' A\ 30(\’(\&“5
k-wise inolependence,  Hash Tables w/
’ug)sox ordec moments ‘.’L‘“i“‘“g N

\\V\Q.Q( e o\)\v\}

(ge,hesra\\z&\' ‘\\3 wawversal hagh
Swniions o Madeor's inequoliry)



k-wise wdependest tandow vacidoles
X\' fwyh of(e k'w'\ée, \ho\e,‘)ex\c)%'\' condow  variables \S

Sov ol] Ay X

0 K

P\’ Yx\‘: Y, X.‘:.: R X.‘v’: YK‘X
=1 [X'\f\/ \] ?‘[Xo\z: \/7_-\ - P([XKK:\/‘J

&DV Q\\ Vm\\"es \l\,"",\/K



k-wise, Wwd e,pex\c)m'\' Condowm  vacob\es

:[\m Po ACTY \exnmc\ RlXzv, X2 Xz )
=% [X-\:-\/ \] \)c[X'\; \/.:\ e ?"[X"k:\/\l
‘c:\_ X\' ”",Xn 6{0'\5 be' Sov o) valwes -, Y

Lt —wise. %n(y\e@en&e)n“( w/ E[X\‘\' ”"‘\’X,A =z

Then Y470

| Lt

_ i 'AL\
P()X\‘\""‘“\’ Xh 2 (\—\'o\)ﬂ\} < quz ;\;

Mavkou's wnegaa Wiy

o A
CTXdE =™z An) € T3



)/\/W\/\/\_

. - oy x)/\A N\
W(R) hAH k@i Wawz o
ge\d’e, ’X\‘

)

%,

%

X
% AR A7 kS

)4

P4

7.

%

Z

Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing

W(R) HAn K Wawd o W) W)

takes expected constant time per operation.

@l

1A=zl 2 &2 Z &

“Qons’

—_—~—

———

n NY

Y W

MOX ) oc.cup'\eA Wierya

‘X hodesTo ALY S WR =\

"% ocwpies ALY & ALl 1=x
' [°/ﬂ: io\, ar\, - b o w3
k-wise Wndependent rondom vocidbles

P(YX"E\/\, X'\,_:‘lz. - X'\;‘YK_X
=Py SOz Bl

?br o\ valwes M, Ve

X, ~%n €105 be k-wise wdependient

ol EDXx =%, 1= m 2\ then ¥ 70,

Ly
P\'YX\'\""--\‘X“ > (W) T



”ihse\:\' x“ 7( o\

% % % %1% | %14 4 %%

W(A) W b Waxz A

e K)o .
2 %\ % @ oAV AV AL/ % 'l y | z 7\ %
WA AR hdr Wawd o W) W) B ,

% hodesTo ALY S W=

Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing — « ., ocges A0l & ALL=x
takes expected constant time per operation. “Tabl=fo. ot 2 b med S
/ ) ) J

k’W\SQ, \hAQ,PQX\C)U\'\' Ct om&o\m yqr\ab\?.é
P(YX.h:\l\; X'\,_:\lll - X-\‘:-YK]

=% [X\f\/ A \’:[X;;— \/;\ ~F [X'\\[“/\J

. N Sor ol values %, %
sﬁu? ° S \ X ‘X . Xy, ™% € t0,0% be k-wise '\ha\e@mAQX\"(

ol EDXx =%, 1= m 2\ then ¥d70,

® \ =kc%3 P(YX\'\"""\‘ XY\ z (\—\'cf)/t\l < %A"

) ZHO0LZARZEZEZGE LR
- R= cwn ot |

%00\\ " Snow E[\ R\_X =

O
C
=



”. K
Whsevl X

X
, )
% 4] | 4] GaanZ<| 44 4] 4%

h(A) hn h@ra Wz

delete Yy N .
A AR AR 227 AREE A &

WM bt Wiz o~ W) W) .
A “x hoas o ALY 1§ W=

Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing ., occupies AT & ALL=x
takes expected constant time per operation. “Tabl=fo. ot 2 b med wmS
/ ) ) J

k’W\se, \hd@?ﬂ\&&h‘\' Ct omé\o\m ch\ab\u
FlXzv, X2 %=

N . . Q
DPA\C. \\K\'QJ(\ICA\S =Dty JRlx ) BlXi 2y

Sov ol values Mo Ve

FOI' eaCh k € [N let X, ~%n €105 be k-wise wdependent
’ wl E[X‘-\""“\'Xh] =2\ then Ydvo,

Ie=[i- (25 ~1),i+2"-1] Pee iy 2 (r) 1 s

be the interval of length 25! — 1 centered at i. BRO0OREZRZ Zmlz
Y <\6 I U e

n

Y un
\‘ $€\'u9'. S\ =, ;

REANG'D
* B= cwn ab

qea._ dhow ElR = ot

24 =16

RI< 2% = Re Tye



Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing
takes expected constant time per operation.

L=[i-©@F-1),i+2F-1]

be the interval of length 2K*1 — 1 centered at i.

o \R\< ak =7 RS‘. IK-\'\
c RI7X' D Z 2% tems G e
hash v R
-~ K
Pl 1R1227)
s F[z Q\"\ kq; heh Wio IK ’X

‘o hodesTo ALY 1§ W=
" % ocupies Afﬂ\\ § AL1=x
1'Eo,b—g: io\, 0\-\—\’ sad G W\OC)‘ W\B

k-wise, \he\epex\l)w'\' candom yaciooles
R'YX\.: by X},_:\h. -, X'\;‘YK_K

= ?\’ D('\:'\/ \] ?f [X.\z: \/':\ - ?f[x"\:‘\/‘J

Sov ol valwes Yy, Y
X, = ¥%n €105 be k-wise wndependext
ol EDXx = 4%, 1= m 2\ then ¥dv0,

L\'
Pe X+ %y 2 () w < T

RO AREZEZEZZEZ[LE
W

5€\'up‘. S\ = o
REANGD)
c R= can &% |

%00\\'- Show E[\R\_X = o)
"Dadic Wecvols

For each k € N, let
L=[i-@2-1),i+2"-1]

be the interval of length 25*1 — 1 centered at i.
I




Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing

U . = .
' ; Yo A\.ﬂ =
takes expected constant time per operation. X hodhes S W=

"% ocupies ALY & All=x
”Ea,b—g: io\, AT\, 2~ b wod w?f)

V LZ Q\‘.\ Woms \'\Qs\'\ \ﬁ\’c -KA k-wise, independent candom vocidbles

Rl %o Xizved
=Rty DX 2 Pl 2]

X. = fi .\S .\-“‘ \<Q\I \\03\% .\V‘\*O I\( Xy, = Xn €105 be k-wise :{o\:;:z;:
\

wl E[X\’r "’-YX“] =Mz then Y470

L\'
“‘ \ PelXrmt %y, 2 (Hdml e o
O Oolherw\se myE Ty

RO AREZEZEZZEZ LG
\W

“run

\
= T &%z ) o
%00\\—'- o ELR = o)

S-wise independent hosh =7
condifiona)l on W),

be the interval of length 25*1 — 1 centered at i.

Ly ~wise \vsJQpar\o\ey\‘\'




Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing
takes expected constant time per operation.

V[Z 2" ems hodh Wi T\l
X.‘ :f 1S W \<Q>’ hashes o 1\‘
! O oStherwise

‘o hodesTo ALY 1§ W=
"% ocupies AE\\\ $ AL1=x
I’Eﬂ,b—g: io\, 0\-\—\’ -, G W\of)‘ W\E

k-wise wdependedt rondom vacidbles
R'YX'h:\/\, S Tad X, =Yk )
=Rty ) Bl 2y - B 2y,
Sor ol values ¥,
X, =X €105 be k-wise wdependent
ol EDXF =%, 1= m 2\ then ¥ 470,

L\'
Pe X E 4 %y 2 () m) < T

ZO00ZARIEEZEZR[LZ

SQ'\'LA?‘. S\ =
REANGYS)
« R= can &t |\

%00\\'- Show E[\R\_& = o)
"Dadic Wecvols

For each k € N, let
L=[i-@2-1),i+2"-1]
be the interval of length 25*1 — 1 centered at i.




Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing

U _ = .
/ ; Yo AL\’X =
takes expected constant time per operation. X hodhes S W=

"% ocmpies MY & ATI1=x
\S '\'\\ \<Q>I \\as\\% -\V\'\'o IK " qub—g-; {O\, o\_\_\’ -, L W\QC)\ W\B
Stherwise k-wise wndependest tandowm vociobles

|_7Q Wems hadh wio T\l :f
RUX=v, X2, Ximvie)
\el _ o ol ol
E[Xa—+Xd=72 )/\ DGRy ']

\ Xy, ™ %n cio)s be k-wise ih&e@mée)n’(
-\] 1 !: wl E[X\’r "'-\'X,A =Mz then Y420
P([Y\\‘\’M *X a Q Pe X %y, 2 () w < ;\t-\\;\,_
RZOOZAREEZEZZRZ L&

- ?‘( YX \)f ~ \'\Af\z 3 ’A /\ setug: o

REANGD)

1_\_ L\' - R= can ot 0

apa\ Shou ElR = o)

A - aa \‘— l—\ "Dudic wierols

For each k € N, let
L=[i-@2-1),i+2"-1]
be the interval of length 25*1 — 1 centered at i.




Theorem 4. Let h be 5-wise independent. For m > 8n, linear probing
takes expected constant time per operation.

Pk~ ¥X, 2 <] ¢ 32 i-k
E[rwres] = ETIRY)
=2 2P[R\=£]

2=\
\oan
¢ 3 plFeRed )
=0

\°“-Q \
< 37 A ":)u,

a=0

=323 2z <X

L-O

‘o hodesTo ALY 1§ W=
" ocmpies AL & Alil=x
1’[0,5—?: EO‘; 0\-\’\’ -, L W\d)‘ W\P‘S

k-wise, \hehe.penéw'\’ candom yacioo\es
P\'YX.h:\I\l X.\z:\lll - X-\\:.YK_K

=% EX\:’\/ \] ?r[x'\f lae P'\:x"\f\/‘:l

Sor m\\ volue s Mo Y
X, = %n €05 be k-wise wndependext
ol EDXx =%, 1= 2\ then ¥ d70,

L\—
PR+ X, 2 () wl < T

RZOOZRZEEZEEZZRZ[BE

52"\'0\9‘. S\x %
* =00
« R= can &t |\

opa\ Shom ElR = ot
”D\oo\'\t. "m\'ex\lox\é\

For each k € N, let
Li=[i-2-1),i+2F-1]
be the interval of length 25*1 — 1 centered at i.




X, ~¥Xn €105 be k-wise wodependext

i E[X\‘\"""\’X,A = mZ\ then Y470,

c Lt
Pl X+ Ky 2 () ]S s

| NN
O [ XA X0 Z ) e







