CS 240 - S23
Data Structures and Data Management
Full Course Notes

Written from Lecture Slides

| wrote notes in class before midterms, and used lecture slides afterwards. Hope these help a little!

Josiah Plett


https://www.plett.dev/

R R T A T EFEId

S
e B

\1‘ erV\QAW

W‘C Im\-\a\l Defmﬁxons + 0
4l
i 2 |

I strudveed seorchy:

»
£
o

| 2}
ef

ol

~—

T T T

eyl S\VC 0\\ or’\‘hn\m -\jkq\' uRsS \4’3@.\@

é‘_’.r_'h_“é' S\VU\ Y\Uw‘bers Vpu\' ﬂuv\ " oro\&r Bl |
given 0\0\‘\‘0\ W\if\r\ \&&35, se.au'c\r\ b:j |’K€ﬂ

\ . unshucluced seacdy | gven é—eﬁ Seqrck bn sjmvlﬂ i
w_ O!\Q, Por’hcwlmr \r\Pu‘\' ’m WQ P‘b\)\m‘ & if, BRI 8

1 30T SR

@ ZI_LO | Ses 2003 MC 203 @

| G
B

_.(,,J,

r

Q\gorl‘ﬂ\m 5¥ep bﬂ 5“’&9 QFOQQ.&S '{DI MDB (J U'HG\ AR S

ncrk soumc os pro mﬂ‘
el SPLC Flum-

solving: Gmsko.s in {{n}abnmkreﬁr\;rmnlq cocveck answar. £

S Gun SN ‘\\me, 'H«e_,num\uh oclcomPhJi\f\S élfe(?S i et

0 Jr\\e, Size o@ H\e, mpu‘\' (use s\u,LEﬂ

| un_:pc(‘w‘{ctx bases 2

AR il 1 —

\Z

anéAMz_g,o\ usmg orﬂ?_r ﬂqio:{ﬁoh

Asg,mpb-hc_ Arm _5515 ); 1B

orr\'\-\m_s uh“ EE’. Pr‘csen'\‘e,a usmj pseu&o‘co&a

—
e e

.r’i“"“Pm‘D\&’V\J (1, lwe can havg scvem.“ q(sc\j\‘nms
Fﬁf“"_?\gﬁ"\‘Hnm A,soll/'hg ﬂ, wera\\ (pragr TMS
/ 501Nlﬁ_¢l Prob\ Jv—L—— »ﬁ
@ Dﬁf'ﬂﬂ

@ ‘%ssass &orre _tss al?\d & c.ggl;; & A (Mamiy; 9

@ I‘F F&ccep*o\\:t‘c. [imp}! e_vngrﬁ A [(v-r h ,Jfa,romq .

\
\
L
|
|
|®
lLae.
\
|

@ R;J-nr\m\_c] %-\me. @ # o€ pnmn’\w Ufzﬁw

Cleﬂcg

mors—\— LQ;& E'N?.h for worgh Posax\o\e. HELH e @ A”’(‘ hany jﬁQ = O‘é‘m"‘fh”‘ r&
C ,b\ ‘Smre_ c.oAS*M\’f \CMJMS Jr\ %_e,,,f, I\,j"l\ \ ‘O“‘md | &El @ S'Ze(hﬂ 5 @ MA@O\‘\ZE’D (DMPA&?
‘ ' l RF\ ->c-sns#q-.§- Hme |
P OLTTY J'e‘-’"jzi‘ik“"‘f—jm a0 J'\ Wi %ﬁiﬂﬁoﬁ_if S el
:, M{f_\i | £ cp(@)_ 5(n)e0(mn\\\-e- £ éo{h(ﬂm ﬁ £(n) 6@(3(”)) e )’heﬁa exits | ||
“ _M;O\L\W\\JW\\') 1((“‘\‘*' (“’\Qxﬁﬂ'o, (n}) (€ >0, 50-\\70} | $ ‘70 D\nd\ N, ?Ol S?E F(n} b*clg(r\)y
i ' __PO‘U‘GDN\\Q\ﬁj | \Cor a\ r\> No} i ’ o ;
| WIORS pﬂ‘vnomﬂ\\ 0(— olqge:, a @ Bu-lo\ i o_u-\' of ln;:_, _—7 ;ét#—é’)‘ —= #Lj(") '
km#\if(n)ee(nd) e _@iBmO\ oLt o’€ W ? FL# e !
| N e L [ | Oiconeide] _‘C‘#ﬂfﬂ‘“‘ for 0, i_J
ers\ nnc\pte.sitg@ L= e

\Cm €

i
2 o(@(.ﬂ))iil_. L= | 2]
{eqw dodee] Growsth ‘3@%,,},
| w(‘a(““‘ L2 I@I@i(n)ieg(gtn\] Hhen Smufn\

_‘ r‘o\‘res or 'F(h\ Zj(n} ore [Gome! .

@ If€ ‘F(n\ co (5( |
" @IF . ftheo (3 (vmﬂ*wm‘ —growha ot E—Elr—

N Qe*ahonshwﬁ

IS

: G(n—(,o s‘rajrh’r |
- Oflo gn) ~*Lc>3!o.rr“mu.

] ] M
nj\ then 3rowﬂn rote of \C‘(ﬂ) -5“155 -\"har\] 9(1-.)
PE sm
L
5_.A7
{@yé@%\—- -“7—5(m‘»~é (S (ﬂ ot |

J._.

‘ (_>O omd n,, ?O 5’& Clg(h\l’—]*:(h)lﬂ
ﬁ:r‘ q( h>ﬂ

SEh| S N

dasn P\roh :\|f f.h‘\phj smq”&ﬂ

* if {or all c>O there e)x\s%s N,

: (n\ Lme,qr | : ‘ 1_4“*1 T i
S st
(begk |
& (n* (wacg/ ||
! E:’% &jgim\h case (n)JL F‘Wﬂ:q(ﬁ) S\'L&(I\-In}‘
G(?- \ Expomf\th A 1 A
| A “’3 = "Vlmgc
- ) T \§T2 SaelD)= =08\ s-hmA(:ﬂ L“é"‘
Recurcencd) |

K&

\ations }
nggg,soﬂ“ e_,mmi_ A?}SE G‘OPPQ recUrre
Y TN 010) i e
Q{e@) ‘ R o ) ,

exack rc,currence' cahslw}s notf Ord\US
e ﬂobﬂ/c:ul\r)g r&mﬁd S Ty T(en) +6 (Mo T(M € G0N ||

| &L \\F(h

\"(_\50\)\ for all rr\2n

!\ T(n)= ‘r(nrmau\—A —T(m e Gllogn) |
= T= ZT(nh.)f&(n\ T(mye©(nte n)
\f\ T(n\ lT(nh).y@(loar\} ﬂ—T[fﬂée‘(fﬂ |
1?: T 2T T80 T e §UR)
N TE:TOR) + (AR —T(n) € &(AR)

|

S T(TUR) +00) T € 0 liglogm) |

St



r—(j Contd: Prudrrha Queled Y111
M dLsu ‘Lv_s y\r\{brho“h Df\'\l‘l c‘g’lmhﬂ“$ ("\"F“??F_e)_g sl ‘

@UCUE) Q: m:om:w cwwt

hehCl:Je_U ()\‘ M:}\hsljill (j A k’hSSgg t...{ Prwr\b
—sdedueve () || \:nm -I:F"li :—-&_Th, |
sizel) 3|

vt =

@Q&‘L‘\_‘\Qﬂ. Fée\ﬁes o\A&n Mure and rn_\' gt_t\i\'”ﬂ.fd,w
()\cf\’dx &gd]!(g how| 1 m{jrma*\\on 15 xﬂrad |

.. g\gp.mﬂws.[  how (e japerabions are perfirmed feont(y
_— . I s n = !
P i, [ ,,,c:,,[:};;;.gﬁ o, Em |
1 qun*t) Queve Red \\lh’ncbn J o o TR R B 7T
: = AU Vi S *t‘f—' — | b
‘ Unsorted [Arfous: Anjer“\ﬁ 0! % 1 ((Binacy Helop gt ' ) |
Pengh > o VRIS OO o 0B & el o e o 1, | /*/ws in Amys ||
Sor-,fe_(_\ Wrr!fxq.sf ms%:‘*" O(hl “r r\ex(_e{ﬁ lu:d“ i leEflj_ushwed ,5-{—3@_ ;\oo+f,,\ A[o] anal Fecd
PQsork . .hbe,«%n(nrx o 0 Uk“} AT AT MG L ;ﬁ I ‘ﬂﬁ‘%‘?ﬂsﬁﬁ T
Lo Bl P o | the parentl =1,
‘ Al ——+he ¢ = 3 e itk v@—t—:;s—‘ +j_ =
| (" max-oriented bnary keap’) i S‘thdf Chid _QQ) s |2i+2]
ort Heop| he ahy e 9(.@2 n) Poc ‘T" 3{; L‘SA@?J_ P
o) | tege:sert: Oflog ) ledi Gueh_n Tenz [AY, bl e
; P'f#’/\ hesp. delefetax: [O(loa 1) G A I & il | )
ast junvged W Q- shrt =5 (Rlodn) ISHALy Lz g e e
in. ol A N Ve leA\nmL Wo _@;\— _@é{\)
el o] — — O B e 1B i A
L= AT Sl =748 A ; ] L . l i I A
/T’: Sact 5 heaps {O{n togm) Sanp el
> 2 W/ Gary| hea qT) ( ‘ i
e e TR e ) ] Codoniel VD
‘ v :
: q;‘( Jo‘i‘\;n 1 n:\" A A 2 N 1P G | R | L
iL.k—'“——‘r§q )J' %;“““U""' EA =t S TN "il 3 {l’“‘{n\:f{ T ()= —l"l ¥ T(’“’-) ¥ 2 r(’"—T\
= . : F ‘ : 'ﬁ_(\/ﬂr 4,4, i 0> I ——— - en"! nllxet tx good |, Fh‘ﬂxf—,.f'?
] L] | P2 9, 3, | L] Y
=N e m IR Gl
TG (e Sl PR Py
] =

i |

*m‘ﬂj}} fUn‘\'JnME of a r«h&:m‘\z Ld n\ﬂor‘\* }\m A %r > e | ‘ ﬁ E
o inskance T and the Sequence [of randsm <hoices R, cheose4pivot (A)? | return| index P in A [(semi-h ro\ codid)

f ; + st

—

R
g_gurea Running Timel o T ) Pty |
il - }-rke*p-w'*\‘.-q;e ‘;c n ACH ‘_V‘ﬁv!r = ] J,,f_,. |
T‘*"(I\ E[T@ =27, Q- P-(R)— A~ e e S A ‘*""‘?“’“ L

Ry A A
em*hf OY\ (A, ply re r‘rqns‘e A ahor—Te: u.”g ’qu T iU\c)\ ‘

)

| 5 1ig

e S
| _Yﬁd'etl Ktr\mr\q T.r\ek-&,r A) C/é'\aogb; g

\(-\./ _
&

exp — L T &X X A )
f,S. — - - =¢ e o | ¢ Randomize e PNA -{.‘ i 3% VI}—‘L z
(@)Randomized 1) QuitkSort Nlondomaed) | § e ! "r’ga;‘im:“ SeTIne . |
Quickbaect Random )| [ T™(n) & yint) | ||| | Rop Tnseckinss iy AR
| ;'C,haoga'p-\\l:’*(ﬁk\: randgm pivol] T""”(r\) c O(nlog n) . p;,, mﬁ.@e of ir\:“‘.us, ',.01 K_. i [ i_q _‘
Ter(A) € OD(n) 4 T*(me O(n 1oc, r\\ *| Keep explic] stack™ (ae recisonl) ) [ e |
A T ] od e S il |
Tty (n) €l log n) - / BE
4 - '.’,
£ | [ } ! ‘ i |£
—==. | L,,,.‘_—‘ — — |
, |
(AT it
i 1 e 0] e ) B
| |




@__.L_R EO' R'l'ﬁ arq q" H,.e_

PoSS\b\E vq\ued N \.r\?b

Buckel Sort.

Time! O(h+R)
(Spacet ©&(n+R)

Count Sozrjr‘ ‘
| Bucket sort bt |
; cow\'h']j B o ‘lemﬁ
{ nleadhn bucikenL
| msl—e,ml OF Movmg.

Time: etq«(mm\
' Space: Q(rHR)

s e i |
4o bucket —sorf(Ad

| Evevypnels Mom Sord)|

| uh.gf}(q_cr & ATl

C-lruuPlb \qu"f o\ﬂni—
%\er\ r\ea (ECU( 5 \VQJ&

T \ i O(R n} sh:.k

é&w S(rrR)* e(m\
\ =" DF dy‘“;( J

‘Cgms@,n, o =04, aﬂ
=g mnae, AL -, €] o sock |
. d is di l“'we qre Sol“"lnj

‘ lF (,[,’-r"jj |
bucke.-P-So(*(A n L, I‘A)

o I'\n fal < m =
A ib'wrngﬂ wl 5zame-d

| ! f‘s' ,E, recurst- | Ik
. 'IT\ L = \ d‘
v while (L ¢ ) i N2

i ;n+ JL

I'-\SDRS(A n, L GL, 0\+1)

ch[o = B Ex ed’e_d Access Cost:
: \1 12 ) -5 Expcd‘@zl # of compw'sons
%)
7 i[u\tb ) neecle,A Yo ﬁnd (G om\(ﬁg
move 'pu{wwcl' ) —H:
» Y ma.t§sf;d7‘ j L c::?u:z A Q?Flps:\sQ
%5—g\€«b‘%u‘shh’g L»SJ(S/AFFQHQ

ove- ‘l’b'{‘ﬂ)t\“

hgu(t&"’\q (llﬁ‘l’S\ eXQC‘le w}\c&' &OU ‘H’\\I’\L(

U—ro&\ _pose, Ne ur

M Jo—fronk

\r\eurl

S-l'\d hrm s)"

Same \’h9,| but make |

’Hre. “‘Gbr\*" CF z,oul'

she

vhSo

if

i arro\}ﬂ the err\d,(whare Bod\hﬂr"\
cessed, move up by 1), j

I

?a}

|

|
ki

S_J@b_@ eqv4) keys. re;lwn
umHAe samel oa—de_;

Expided

| I—b as| \0\3

height: 000@“)“
as| §° AE’/\&"'L()I

(aka ! luid4 lujz(s)

(ba\sm\\\

\nSU"I"(k u) —Y§
‘m§u-} -Yhen ”’!m\Om\j c\r\oose He,\al*\)r//T
clele’re_(k\

I

\
\ie.mu\rﬁ ¥ Bon alll St (acF)mr -Gy\ol.hg’\‘\’u ‘
: [o% il

@] A hetmrc}g, S of! Ofdﬁ-fed;l\s’b o4 5.%.

@ Sf cof\ﬁ”ﬁ ke,35 -0 & oo, “Seﬂjhne\s

@ 5:: can’h\“ﬁ ke,n value G)ﬁurs o€lS in ;
| nan-decceasing eraes

@) Each ly\' % subaetyfeme OFP&V S

253 35,\

@ Sh Cor\)ra\n ns or\\3 'H-\‘?- mnhnels \J

| S,E@ S b
SiES (%5 |- | »>
PR 3“‘“4’@
SRS T EEV TSR, G AR5,

| | | %'

W == 1 el 38) 5, s,[%‘i
. 37 we dot |
[ 53[0] = 57_\'.0] -3 SLD] —=tn ) m —">S|[3]

7= 30[5]« stad
S&arch(k) T |
- get Predecessar S(k) Hhen ckeck?

e e s e

f
11
[

i

i
4 l

ster %an bw\o\rb sear CA\ WL\P_n vo\\ues ore numum\

W H

He |
1
| I

S0e00\-Key |J Trrgolofion Search:
. ()I%‘hbr\o\ % b Guess %aiaﬁarommuﬂe om’mp«l Trstend o6 kco0) 43 >75, o *L‘O") 100
[ _'Fu;n“ L AT ir?. umform\w 4 "'“b"i—e"‘/ “*'?-'("‘ laﬁon semrcl\ 15 \ l°3‘°3 "\) " avcrafj‘fmse .“1
[ ) 1 i
|| SCrerisainoaipias) i | ' ‘ -



e 2 R, A B L Y S LA A L AR

ST ne At (e e A e e (Y | et | C
L ﬁ%\v’t“c\)ondf\ % $—§i ehAl- o‘(‘v ord b{r\nmc‘iﬁ | ‘ i ‘
v o ‘f' L foLlle: duadl Al L b e e
1‘,,,,,,_‘ ' : : ! &*QMP(L’JIIAZ)I_)é—lO fl?ﬁ Ll (£ 1 ’ i ‘ Ll—k FL{\Q@\ Mes Or\ \
\neCj L e i \s Tstdeoids] Each node shres

- a%%%'_‘ 3 e,\zmevﬁ Ik«ri fm%?;f"ﬂ“ e (JV) E’L\l_glﬂ\c IAY: \52@(_ B ‘{ , lourerl Wit on Hhe )
| Seand-ishve o J\I{L%}a\.}r-;{;- bral g’ DOIML 111 W({raso& ‘ —H )%H\ Oq ’hs E“b "o rds”
|| \sords el Yhe Same. lehs\;“- i Allol Frop %a&e@ | - L5l
(oo 3 e =liSlre: i 4 o gl
‘*"BT?\O\TB*TTFTQL > —iL&L UL P ;-'J L \)@\{ (
e e e e —t T B 4] o
___F k_?_{:\\ﬂ.\ I, L._,,;
1N GG d mﬁo e il Sl i
A © ’L @)ﬁ_* /],\ noiyf |
U N a=h [
ALL E_’I\__ @9 @)11 oUs| o IS DL 1;)
=== o1 01 ﬂﬂ,ﬂ-la-l% i < e
,1 Hxﬂ ops mm@ﬁfe wdime-O(1wl), ‘ mphons ‘
MRRELD ey e Ko e universe of keys
IASHIN G P DRl A Vo
Dxrj@,d’ Addcessing: The key K goes o\JfE(Lfb,ft;;}(LgfLw_qPL il O} chienacy
| (2 K 35 known |bolunded| 02k e ™, cvarybhinglis ©@@),) | T T T
—» (on t be Usgd i skedsadnt ints o2 st elsd | ‘ (A s
; i =l 1 ‘ T *'_— T r\!‘t r\vla'\
| _HD\‘C)L\ Collisidn! when o new kew maps _mlmfbdh a]reo\g{q ‘}Qk{ﬂékd
i Tt Jl ’ﬂr\en |P(
(o ] | c\licibnle CnaveSaliEhE L i
20ving Shy - Conetbho 3P o c\htl K mhf\

e ol el 3 |
@Qho\i\f\ir\g: eoich [sloH is & b;ckz,lf. Usel 'unsor‘\ED\ \mkﬂd \ist w/r«ﬁ[:‘ ;/‘IV\‘(L«PQV\dE’,V\* nr\Oé\r\ GmcHonS:

JLILb i Q’I\;‘:’k"‘t S l‘%:g (zad Belor) Ins,erJ\" il (1), bt h (k‘) and L\ U@ hould b-'lj !
- ond 0Le ; P i T e = : P e T e \

(_JE_D Eve{é‘;‘ﬁ;\S)\‘\f\O}:dlf 1‘\92-.:“\&0(0 ‘:::;,4"5 {'DO.LE;ﬂi d.o uble Hr\g L\$SI'\ Hble g |zw_:7*7}7lY“DLe‘PQn V\’\‘ o'l"'nt(wls !_, S+UP¥A‘

(@) Protbe  Sequencings Toke [anexten [paamefer far prabngy | Mulhelic 1‘1 on |Mz\’\v\od I e

i —
B
|

Search| &imse “ro\rreﬂmfin:;;\ ‘O,\H' de \&Jf e needs T n’ﬂ- leave lwolés/ &Z LM (\KA LkAJ)_\ o< AL1|F
50w deletes = il == |
(<Co\ '\‘er N%MMSG" Hqél\in il

inear Prob

C
| L163 |
(3 Dovble H ning lodk or nes | _A\\Vegs £0.1,4, pr13| ﬁsr{o\ b | prnme (‘ ,
oddess fules collide) —g \ . _(l)nocngu MCP g\m»uSe rqnc OfV|\ O\)‘L, 1
—l:jb We reeA = ' “ovE B —in k% }mh | =]
=

(k)= ((Qk*m qm.:dp) mﬁM

B h(k, i) =(h | N
[ ( < hke slcal\Vde v ]m ’mo% LD '
() Cuckoo 4 | & e [w try prb }:l ity atr _5_______ -.
l Kuu X lcan on : S ' ; | ‘
Prere’s o collpsisnt Y Ve 0 (2 O e e e B
_’L:cb load Fcpr / 1) oo i _‘L__L,,‘,,,L,_
{> fort inSechoh e ‘ 1

.‘*1




|
|

Fod ‘_.PJ- Y 2; = '\\_

T intervlal (X, x‘)—

sorked ._Q‘(n\ simce [we)

1o eor:ck**eut indigiduo “nd. AT R e
wcch \mplempadalon | | i
> b) \.CLCQ_&LAL\ 4o find the fwa Wit .;:., |

cro At 1] |and AR AR L2t | e
dimensidnol @) Rongel Seacch )
Oyery -fec}q_nqlgi rb{—u‘rr\ &) Po:r\'\: n nH
"50-—..‘"'- No fwo| x-|or| yicoorS nicelie Same,)/

poinTs . bse Sq'n:\:\w ng TinEs &k Ralfwey:

@%&ume‘ st SR"'*_' s verhcal. =
et | e
| @M&Sewd\ cow\plex‘\iq’ O(d* Qn) bu
gt 8 ooty
. 0dds vidited
=
EESSjal
Jonced binar | | £ Defimbon
X-co0 -o\ina\';s Pt Ood ,
PInAAfy Search FTee [0 h-1]7 Mho Febt G ﬁ::_ﬂ_\ l
i ‘0;"\-}10_ el f&ﬂl The FG"'HQ‘T” ("‘ee&ld (ﬁt:’f °C5“_”"_"‘_‘QJ }
sther tree, thot 24 @ daesnlt bedud il Tr_,:_e.‘lvf- (‘"/.\l el |
Gk )i SUbSlD’_‘MQ' Eﬁo‘d'ln ot &6 4\'&\-(\\'( ‘ "[l,l- ]
Bbad] e Prefix / SHhx- SUEerrirguod" sitett Zgna\ |
i - Quess o Shift: posiTien i st|P mﬂli S’hr{i_ 7
"’"‘;’d‘"‘.ﬂ) Check: {D%'Himji O¢J4M,h eck | jat T[
En("“";;?i v teadh-quess S~ :T[T*J] - lf['—;‘l ==
for—R2sne ,.KAJA,:)Q; check. ] Uge DEA ICCQ:\ AL f5] linearld
X e rprints—in-constant Hme K , | bl !
éﬁ e |Olm tin),|worst ! afmn).) 4 |k | B |Hg]|
- | |
Nern motdiinglon english. \ || M| L 088 e | I il
) @ Bod chod jumps | } | | AN S
(@ & ) |are| both "Move|as fucas com”), R | o l |
st Becvirence! ammy, Exomples [ [k | i ! ;
> joler |athers WMo (0 onshiychion | g o f i

Sy IE AL ‘L 1 L |
e T M M e o TR Gl ol
] S ‘ T | dte Al

acter but in groups (ho iehi.\s\ \' :

L

Ad) iy M "T’"T"'”—"( L 1 & TR L WA B R At T




some real aminals lol

these what you gonna look like if you keep not showering during exam season
take care of yourself



