Sequen of n nuws  steed o N pagas o Ais e

E;\a N =2u ,/1/.‘/.7- cﬂClﬂ Pa.y Sf)M 2 Mmb""5.

wMemoy Capaay Nor e (B2N) (B=23)

E 7&“’£MA] Sear
/U" n3 M #'_“

* Dividﬂ- 2 v 5}’“” Aot st Zubo W—bc.
soets ‘l’l‘W‘ ;wdiviMﬂ"j.

phase {: Set bloees oS Antr
Phase 2 pwbine o a4 SV

on. wlv a Set ol bl'C“—S e —)-LL am3 e A/"Chéf tofted.

)(,-—h"l'& nllem bock ir ok

%‘I’ Lt in Owom
M be nsdid.)

b LZL (wul%ph paSSw MJ

Mgl runs — Qrekwim] pass dowt.

M vae Bl (and and L oty block o wl'ﬂl/‘l' bb‘C&r

0 B » E:}Jo\r , OAW
-—(\/mﬂc bj inwj gma]u&” VIUMM RN ~the /'V'f'“‘t bulleve o 144 aumﬂ‘t

buller.
SR A LIS TSRl

P Sarw ot g pass = Jecveme  # of ans by
T¢ dee  are  at ot BT orans lef, ansther mergs preS o

pondedl epn A bl gumbey of quns a0 4.

facter £ B~

—

grss #0: = =
540yl s 4 Tl
oy sevked  ans elal T/o ant: LN - (# of passes)
of >} ‘“?")
N=nim o pae, g =M G bmmﬂr &

00135‘-&'- l)2 §) 090 :
e (B-1) (3 Ex: A=10,B=5
(B-D Ways 10 mMeige pass 0 Tiog/s = 22 v £ 5 pasm
gasy 1 T22/u1= b vwws ot LS pos) ;MM%

"SJ 2" l e/“ I - rlﬁMs 0; [zo 'L‘ "V) , u >



-Mjox’\\'\\mt Joww -»Joiw 2 —hbe)

» Tutovdechion ” simflv yersion .C:l.:u.
M prgpr A% bl R, m wplrn R

W opases A table S, Lupls < S

N‘,M Loof Jain
(x eadn wuple reR 0V~
fre enth -bupl& ;S 4 innr
om)\:h’,:f ¢ watch (%)

b st M+mwnN

M=pap F R W payn £ 3
™= tups n ps

NLY nends AW MpL‘CmtJ data.

s L .
C hecen .6V\_-|7{,fc. S blocu_ m Pt ‘{u

V4

—————

Block WNextd  Joop doM
G esch plock Bre K it MEE (M)
(o eadn Lloce B3eS:
Gr eath tunple /e Br: M ?"999 o£ outov R

fv each ple € Bs-

N Fa;;o ok MY §
ewit ik 1 match(5)

spolby Aokl for % £ St

be 0BV
Forr B wemoy blecks:
o each B2 blocts o R- B-2 pudless Lr scanmirg R
f eodn Llock B3 €S wst: M+ (M /-2 M)
G eathh tunpl /e Br: k
-(Mf each wu— S €& BS’ s;m?b—,(ﬂbj 4o Awwwt
ewit b o match(5) wo weed of inderen
; rads W&AJ& Seom entire inver +able
—— 7/ // :
Twhox Nested Loop Join Lo each ople reR
bt sndix Gr tmvar ML S G enth tuple s& Twder (v =5;)
ewnt b v.modeh (S)
Lost: M+(m-¢)
M po\sy) ol (L

M ’(Mﬂlﬂ £ m
C oyt of conterl



Sat—b-ﬂwa.e, Join = whn R MS e p),f(’ll{’? Socd.
sot cort (8D M- ( 1+ \_1—':]3-1 Fujgl)  wawge o8t (M+N)

st o3t (D) 2N - ( | + II_—"J £ I-N/B‘ﬂ) 14 M\mdg sinked

—
—

Hash- |oin: W v \')"““ oo 4, WV‘U

Ldd hash fable HTp 4 & Jlowsld phase , T sott

fr S
for enchn Wk’ $ €S probe phute , IO ot /"PM ALt
output , ki (8D € HTR\ prtal oosti ¢ Lt
(mu/—W‘sb‘ :)of:""- ash table Ao®d \.(,c-t +: S‘W"“"“
7 ‘L; Cﬁ”‘ b‘ \'IMM “ ”~
?w_b;f\;\cﬂ"‘ L= Q- “”"3 . 5(/‘/\'\— /‘/)
SR el pash §°° "
i oo 2 (M4 N
+ N
chlﬁ"ﬂ un &
P AR A e — 27 // /7

Transa(hon - Nl N of & W"Uf of one of wwre ofeno VS om & DB

o ?&{ Loten QoA leM -llv*' ANA
Gosic vt of chwvgr DBMS cither SR e (""WA/;,M L chows)

P
?NPM'\)\%: A A-f;mloité.. Dg&j,ﬂ/; ),o:n ooMMI.T 2 Yop here o
C mirunty: ABIRT /RO BACK o
< chwvgw 2 v e
T solation '
‘Djmb:l{‘\yz

DBMS = conlv il mlj A bout ceod Jwe i dota
o

ot oF oot

o Ao -
BEGLN: s preomied whale o Ve
read (#) Wb catvwedinte aswHs
A—p 100 5 e
writy (A) C: st skl\'UvQ : sa’?-‘f(:‘j anstre”
CoMmIT: I i Frn  ere ot s BN T %¢w—uw‘7 alove
; ( Aol £roms ot ‘wnt)

D LIl omik, vt persiztent (m’\(d lss of Ehwes
DB con encvte,



n EArat)
ol of wg\lm,,,«o ; ! look torrett” U Nt
BA% abore ", Psyrvive faihaes”

Beeoe ACid: contwrort  execnbidrs , systw rashed Sn the  idde

OOV\cvw-u/\b cowtvo L erash ,,mij
Lost :
ot vpdatr; on - (epertable vead: Dity read: WAL~
neak  belove SwewS available g
n ooty Hund's nore ollbaen ¥
—s reads (tewper~q/
' Ui
Lock: mechanism o cortvol pnwarent  acess o ity Jo )
a fatn stem,
exclasive (X) wotle: cead/ weitt,  shoed (s) mode: veadl- only
item .

pa—bibk w;}lq loc ks o=

Tsx jmmw € W% locic »  cor
pureA  locies e ihem .

R hold 3

S S 2= o & of
i_T/-_,F- ouly owt Fax  cam bl M » Jocte
s34 AT

xloct > welot wri ey Anter }avaiﬂ st opArie picty read put ot refeatudle
(ok for sl femd

Sl > bedee Mﬁ‘rvy Aot

—-pMM LOCW\.U‘j

P
| wo

e lensed

wo et

£ ppandivy ot becws,
Sheinv elose bcus, po hers M/I
CASChéQ aboit: % bock on L relrsed hefore @
oty T (w)
A t obofts => U ~borts

| e endt oF Hot tyamsact

wt
ol eSTE TS)‘\’GCT_‘_ :J\KW"\‘ £

't A be (pend bnj

ow,

v e it

oV .

Fn:aa'w/) 2eL: hld He boen. v

crosh 45D 5 e S Nl clewe somc SEEAL MLl e
g J‘tovﬁy 5 o D ANV 5% m 40
So¥ Twort Colre > div b 0 I ewror condition
Stpcage - wedi fulvere w1 pBMS J ;
gon e Howdwoe Foubor 3 cowmf ¥tV crothen
yevtore fiow



wite o Lufbr =S wite e A

o =
= outpun (2)

redd (B) ~ A=A > writ (A)
WAL : leflsve w/i‘\,{vy 4o Aite write lﬁ o Asx fiest,
Loy clomgt) mode | stored S A(?(wd-awb boy Lilc /seporvated Lrom data [:le

JMQ\L-, lo‘)'.a'}hibh-}e/)

)
swalle Yaan actwal fdada.
(AJ(' = L‘): bf"‘f

UNDo Loy vas ol Agia L, AN ssTARt T >
T ,t |l < CoMmriN T2
tor, ann o V!
ZpgoeT T)

RE Do L?}: \on  wew Aata 27, .9
4 pew vahe

e LTH%wd o Jisn be Lo a’{w"trjX-
T wenids , LownIT T) 2 wiithen 091 fter all dB chauper by

Hy have been written @ sk

T LeoMmIT) 2o it dn boy vse U
wet  Clush all data changed by ol of Fsmn.  (Lhow)

\JNOO ovl\ka . u\ll'\

o to roll back .

YL veerds  ndhi cahing chwyon

29 LMALT 1o vecortt
Prewstven .

3) ’HM ('W olat” ATEM
crowgut Anta A e

Ned ¢ el 2l
A4S+ w» me'\iM. ponmnme A Wt of wermoly

LEDO ONN:

_gpha-

Lish all bss Le (e cowmit

UNDO/REDD
E LvJ veoolh 2T, X, Wi V2>
ol
M pegy e R - veda T with re~ At
\-) Lcj fewd.f ;V\A;Ca'bio cl\m MAUM* ~ uv\‘o tsx w’\“\ old dw\'ﬁ
2) et ¥ Vum(; Flush o wut fo Pwsu Al Jntn by e bt
L ot Lebe Jofter wwmit
wption .

(MJ\A pel',‘—ofmmu/ Jow walruny  owun



Flush Airty A Lofore For i bl > ablect A

WAL —> oo A

et Llch @l Aata Lelre Hshn cmmotted aflect D
Chocy privt:
Outgut ow it all Ly in DRAM e sl 1S

Outgut o olis al  motilied blocks (obrty page)
2) wert okl Al FE VIS

wt
h T (do: T2 ouel T3 kLot (’j B oAisn
— unds = Ty u) cwsh all A PREREI0 s
i 5y wete cwenp e o0 s
6) wonrt ten¥ pl'Us""?-
TR e ) A N T T Z

lm‘g.'[n”y (fre lhted PBs da'.t‘hn. buted oven

Digxedntd DB collecvion JFWMFHPI‘-)
HADoo P, SPARK

n  comfrtr wrworx.

Scale-up: mLreate vesowdnd
jcah,-ou'\'f inheas ey o.( ve sov /W)

Demss —'73041’363 sho-ed redovy

Skaed Uo\“/vwg Eah DB has own cou, wem, Aisn
nwed> Lommanmitnte Vit rnetworke.

Easy to Seale inesse copr Y-

Shesea sk : Each DB WA0 own CPV,ME~,

Lvore AASt .
Nessag) betw um cpUs leown about cveeent stoke

Shored Yowory: Eoch DB v own (AU shored ntwe hwdl

St pMew ) AiSiE
: Yoo 4 sottwee sufprit
puenlle) bom urking S s S =

s }""'”d'{"g : datn ppadiiowin



hash ?W’o'\lfiwmlwo.. ‘
C oo >¢ en—\,‘kom’ﬁ'ﬁ ﬂ""\" |\OV\+¢”> l
wish fom chov h w s Oy -y N—

(owge  greanbiowy:
€ Wwoo st oatirinte
griiaon \K4% 'l [V°;--~ V-2

partition vl of tuple eI
[, n= wmwn & veuon
\"‘3: Viyry — it 141 E < vectey L<,FJ
vV LV. —%m,‘&ow ot(2) = ZAg‘s)U‘bbD
Uedes e T el ot(g) = VLT = go T 2

ot (20) —
ik P ookt 1 (~%0, I'S) 20211 = node 2
1S

- ot LB".&M) G, -/; 0y

Yo
e nede 2 Tuo, 37)

e —_ Ml{l (7] l?s)*’p)

Hash Qot: gont  Juenly  em Pt Ao .
com lLooxup 3.'»:5]( s , fr amywer s

cacsed at all  pethr.
qwﬂc q,,mNA: wak be Pf a@wlle ”

D\' )'\'IC\OV\-‘LLA aw\.l\ ?(ousg;vg—
e TR <



0"91 Ool]l(-\&ou of 'm’mwebr!u( ACWAL .
O\bms p Sn(:"'wmc MMA-?’) , 3tws qw.f;m, ay\’tl'i]?_ Alog
saL: Simw W\s IMﬂuu?.n..

59“"% “what"  bup  wst Thew”
0‘19 ow to amwev frue.rj N

:]”'V" /CH+ pfocubwb Umawlgﬂ. 2 c,l-eh'l‘lj spu»-@‘] skefs

]ob.cbv"‘u“‘
ro ¥t -c‘ﬁu‘ui%‘\’ WQ\A‘ Wy\"")’&-

Ab = st tablen Jomsin: set of allowed voher for ench
‘bates (alauwHS) of attnimig ﬂ‘H’f’\bW\:L

taby > set ob At
atbionte Wou Tyt wull vale of aw tyfe.

Jodn 2o Shored AS colliction of flen (ows)
(wher does wst  matter)
attohute wmugk  Le atowic (S;'njlz valen)

Schema of +oble: Set o{‘ atHes. ol -tjfm
mstanie: achual cortents m the dable af o Siven Hime

hey: URAGpAL vale _n @ach +vflz (10) o set oL Al
WwWose owind  valn at owigmr ‘

Comidate Ioad»_ . Subset o€ arkiy ot ""‘"W‘ﬁ ipb/n-t,gfy A daple

e abl.
DBMS  antowawr callj

p[-'mN'J wj: clhayn W
Swjor Wy Sufer vet of cmidnte s WW\ yapl nayt .
il 1o wder o A uple B

‘Fo:uyu Koy - et ob nxvs. an re)"’ﬁo"‘ A ,

Do WLy 1y LontMmAnts  an Abs 4o prevemt euiois

Griky: vy ney Lamnst be wull



y{(e,rew\/‘w\" .- Ulew : W~ 3Ph 3 YD, name can? be nill

Dot fefinition 1M.Jw9¢ LODL )
Derin Mawpulatiow \Mjum |DML)

(REATE DATABASE wome”

vie ‘vmww"j
ORO? TABLE ALTER TABLE

CREATE TABLE
(odd] delete  cobumn/ conyant)

lon$Avaints:
wwwwv\'.

(REATE TABLE Y nawe 4
MT puLl , UNLOUE

Lolumn | M{A%\.’,PC {,O‘V\S‘\’(W.\V\‘\'j.
5 / PRIMARY KEY, Furegu I2eY
Lrodle constraunt’| alsaioe o vew ol
o CHAR (10)  PRIAREY EEY ALTER TABLE Styglnt AOD
e AR(>0) ANOT ANVLL
SR cH addvens cWAE L109) ]
age T NT ‘l'
DRD? . yewdve

PRIMARY KEY (sil)

e e RpE R UPDATE |, SELECT

ALTER GolVAW

dota wbe  all vecovds Exi W eAove
Aable of D3 f*":\:‘ﬂwj cth

witw

Fa ,.f- ewt()‘\'lj =) rw'-”

J
T NSERT T NTo  Studewt VALVES ('stof, .. -] ;
RQUERTES:
SELECT Aoy An & ot doutes SELECT Sid, svme
FROM T, .-, Tm 2— +abley FrRom student,
WHERE © 44— qudicated of
FrAing SELECT ® o for ol
FRon studemt |

L ExRE $SION')
"L putput table

PDISTTNCT  Remwve

WHERe cih='es2q0" pRAND  AOT
Anplicn



LIMIT n, shkew Hhst n resulbts

WHERE c«d LIKE ‘CSV-'; Y. e nrtch S-lv:'vy of any 10\\7’/'11
~oT LIKE

TS wnuLl
NOT NULL

_owmedth & s:vﬂu clov

ORDER BY atcmss DESC)  ASC
col | ASC, (ol 2 DESC,
Ciad hl:  SelVECT COUNT (F) , COUNT (DTISTINCT(sid) )
TROM STUDENT "‘\’ﬂﬂ‘“(@:M""“:"l"w,sun()

9!0()0 bld 3 ﬂwu?S IVA ﬂwl— have 'HAL Same an«lo into Summﬂ"j rowg

* of cudamts encold for erch coudse: ¢S 240 Yo
SELECT studort , cunt (soudont) ALl e
} FROM ol :

\GRMB B\/ (outse,

cawe but  now only show covises with ot last 3 student

Q,
Qz{ HAVING LOUNT ( student) >3 Hk\lLNGf For ﬁwu.f'aj
WHERE Jor talle

AGE Lony  comt be vaed M
WHE RE Clamse .

7%
OZDER BY AYG (gmah) Asc



Tor  wutfle tables:

SELECT otvibutes « of wultip tablen

Fhom  tomble, bable2, |

WHERE  table .l = talbled.ih AND tablen. courge ='MAYS3’
ANO —l'otbll.z.ﬁmo\ﬂ. Vst

NESTED
TAUNER QUELY ~—=cHILD
DUTER QWERY ~> DParent QUET]

SE‘—LECT S;o\, sewe |, et S'\’MA!LY\‘\S w -l-l\.t Samg a{zp-]— ag

FROM gt
WHERE glept TN « alse =

(SEleeT dest £rom Stmdmt WHERE ‘swame” = Yusan’)-

Swsan.

Sino\L values, 0= j e s % ple
‘ > ANy bigger How s v'ti
7 AL bijge faa all ve
WHERE £ ALL \
[ Gaey)
£ TNSERT
Sel 0fevodions; TNTo 4mble  (@lh---)
Q. @A@n 7
LRTON /unvTow kU [Tntevsect [ Eyupt ‘pgers A
R, 1 T NSERT
' hevg danplicnts 1NTO d
Degr-Aye  Ldavt,on-0g)
Row wpAaTe: seLEcT oert
UPDATE Student UPDATE STUDENT FROM  fryhmt
SET Aot = '8 SET age =04t +\, Growp by dsPt

wWHERE ¢k = /JID2','



DelETE pul| Rows
From Table

WHERE (ol ¥ants, '
("Wc«-S')

doter lile stoed ow AiSL  gn Pﬁf’) Vo covt 4 of vealds ) wnite fr task

us.m\\j piye Size 4o Y Vo time: tiwe b pe(form o

Loead () : vead e

; ;i mo
g Vjﬁdvf;j; Hih iy Fonl) , Fseer D
vomdam Tl0 : veod o foge ot ronnslow MM"’W!) T/o : ool longt chme
Seen e RE of- data
'(D\/\: '|VM {mm&nl fryor, rtﬂfl 0"\_‘/ y sw’f'nb&.
(n3m) n-aY Stonfe w’”“"

VoM ww-end bt .F‘,lL on itk con Stet . Stoe (o lb'ﬂ]
v le: s Com be
s ( Heap ffle: ve S
At st omwinee e Lrer
column (toe - 3 ve bl ol by Lol sgerce -
pagp timte o Fer 3pate w/

“iv ist [ free
o] Stoe Cv wide table (108 o loos) M,L w | entty f
2 P

{,0‘ pE o ) DL*P (W“hj“'/{tﬁ( pﬂ,us;@j)
Aovtmbsre
fow SYwe - OLTP  (Awomsactionn) (,,.uss;,.g)j war losd

OLTP:

Siwple qareitr vendJuphait swarll ameunt of olorton , Uity

wastY WAL W

oo §light Hewet Ruller MenaGervert

OLAD:

Compwy e i) lI [) = (qz—-l)ﬁ/z-
Nl afh on R~/

e 5 {euﬁ‘u poel (DROM)

Mv\m\ux'u- Aot cmastonws'§ Iyoaiamls bo..a}\_t iz



bl sged veriovnl o Jotn Lo un undoelyivg bl

e Avee andor Hotv iwden Hash table
foint Q , vewdL o- Com< nge & o4 ol s\2e wm entvi®)
foin 0. eflivont
H(M) =2 y.m
Hash table i 0B tollisiom: spae o(w)

- Q st
Bueves o olisn (1) H(W) = Hle) St Ay O

Dicectar) in iy Avj 4"‘"‘3 vt olww) olD,min

Mﬂ’s’ :.,cu.‘l')
B e
Cerrthyn Y el e ~based snkex:
0(\P31,U‘73 hest - Amta in womely

Sub - optwal : Motn Staeh in olis«e .
- Twsert) drlete

B+ et plise  pptanied ML w/ O(hjsﬂ) /o

el Caet AR e

nodt ¢ (live bleck ‘\_,\/_z
Poye

Ol it Wi e ) e, B elimts SMEE B s atlsst 3, 5.0 3

eatw RJ\‘\'&.:M\\ wedls Was TBI'Z—(

Lol < stee ot 4 s nevmn | ! ov'l/] for '”“'W?

5 ML’}M
ol values: mowﬁ»*j oider, (4t subtru vohn £ hs\/r\ S

wr of (e &
Toivt @ Vo w: O logg W) ol Y By
-tch”( e o5 LHY L b ol wafles pev [
OVQ./I'LOW‘ 5 nore VoW O( Fj]) cl,uSW ol
‘H’W" wec‘\’u" .= O(M) UAAMM



) st tato halvd  u g,
viesX  valme 4o prent of u
W oow flows sphd prvent

ade  «w ek

* -



