SQL,'Siwae. Table Queries
[J- optiona |

SELECT [DlSTlNCTJ <columng>
FROM < +able>

[WHERE <rr¢dica+e>]

[GROUP BY < columns>]

[HAVING <predicate>]

[0RDER BY <columns> [DESC/As(T]
[LIMIT camounts]

FuLL J0DINS

“Returns al vows from
beth -I-n(ole_s,ma'hh?vg VoS
are combined,nom
mql‘clﬁv\g rov’'s appeoar w/
nulls.

| Fixed Length Recovds

- Records :nadc up of multiple frelds

- fixed length records are whea £ield lean-h;
ave cossistent
Ex: Studeats (sid iVI','CJ&V‘ PRIMARY KEY,
encolled boolean,

SRL Tips
-No aj reqates in WHERE
- Use AVING only wifh

IL_QSH-C.O\l Pmcc.ssl‘nvq Ordev

. FROM <table> -table we are
Arawing data €rom

2. WHERE <¢pred> -only keep vows
where <pred> isUsatixfied

S-GROUP BY <columns> -qroeup
+03¢+kew rows by thefr values

of <columns>

Y. HAVIN <pred> -onl\y keep
groups that swh’bﬁj <pred>

. SELECT <columng> - select
colamns to keep

6. D ISTINCT ~keep only Ais t5act
rows

T OROER BY <columns> [DESC/AsG
-order output by value of
<60l‘MMwS>,A'5C default

8. LIMIT camounts> - [imit oulp.t
to the st camount> rows

Columns ¢an o«/\l'y be selected
if they are part of fhe
GROVP BY clause or its aw
ag r&ga’fe (A‘IG/MIN/ NAX/,SUM/
(OUNT, ett.)

L[KE can be M&d. for cffcdv
._1Av17 single  chavacter
o/p: Zero or more chorncters

GROUP BY, use WHERE otherwis
- Tf us?v\,j GROVUP BY, can 045
SELECT agymyaf-& columms
or columns 14 the GROVP BY,
“DISTINCT vemeves all atuflfcu'/'e
vows

5rad-yr integer ),
Recordd = 1234 | True | 2023

5+ar|‘n;9 FLRs

~packed . no gaps between vecords, records
placu‘ continuonsly one after Hue Ofher
_ungoaoked.'allows qars between records,use
a difmap to keep track of where the gaps
_ave, .

V h Records

Page [Record Formals

~Tables are stoved as logical
£iles CONST.S'H/Z of fayes, lach
of which conFains a collection
0'(' vecords.

Pa and L /0g

-£ie\d lengtirs wot coussfent
=recdrd lenjf'hs not fixed

Ex. Studeats (sid ih')‘CJcr PRIMARY KEY,
name text, rad_yr Mfegev' );
Rew~dd = 1234 ) Ben |2023

-Payeg are Manyed
-0 memovy By the buffer
manajcwihigkcr levels of
datubase °"‘!’j operate in
mcmal‘j

-in Oisk 127 the disk space

Stoving VLRs

-Each vecord contains a record
-Variable leagth £ields are placed
leu]‘Hn £ields

-Record header sfores £ield of€set
where each variable lenJH\ field

headey
after €ixed

indicat ng
ends.

Manaaer.‘v‘co.ds and werifes
pages to physical disk/Files

“The unit of accesses +o

physical disk is the page.
~tannot fetth fractiouns
of a page.

-T/O: unit of +ransw‘err~7mj a

PAges

Page header- portion of each page reserved
to keep track of the vecords in He page.

-# records In page (_" ®)

- poin fo seameat of €ree space in the
;aje (48) v f
-bitmap indizating which parts of the page

are . useé

page of data between Memory
MZ disk (read or wrife 1

page = L I/O

Accessing Disk

seek time =2-3mls

rot delay290-9 w/s
Hrancter time=0.25 mis

55Ps have limited
evaswres for writfes

LIKE ‘exp’, LIKE ‘%29’ ete.

Data -Eh" es

| [ NNER TOINS Fixed or Var? | Data Type Size
-Return rows where the ON Fixed Tnleger 9B
P L Fixe float 48
__condifion 13 e Fixe boolean 18
LEFT AND RIGHT JOINS gj: c:a;:w ?—'OB_B
Each row f/\ The leifh‘!—nblc Va,rie:bk 1.'3”* 5= %3
appwrs /ulf‘\ auj MmaTe [:l] Vﬁr:ab‘( \IQI’ChaI(’Q) ¢=208
covs in the right table 1 bit o eue

Can be i, roa

reld
f[d ﬁ'l":[l’ymtb-mf

Vice Versa £or R:ﬁh-l- Joins

Ptr=" bytes

View Sewrializ ab?l?*y_

View Sevialtzability £ Lonflint Serialisability < Sc,m‘al?e«bilf{y.
buft bliad
-Blind writes: writes with no reads ia between,
travsaction veads the inital

dapendr.ud' reads - cach vead
n both schedules IF Tl reads

= Contlier Serralizability

(hecks : @Same
@) Same

inttial vreads -

wrfes ¢can be reordgyred.

Locking

S lock - lets a transaction vead a naou\rce.Mawj
Fransactions can hold S locks on a reseuvce
at once.

X lock - lets a Frawnsacton MOd!‘Fy t
+ransacliron con have a '!jpa of lock while
a trransactna has an X Ylock.

TE contlietd lock, pawst  and wart until Fue othes

tronsaction releases the co/l:f'h‘d'r'e:-, lock.

Da«u“ﬂk s when a buuch of traunsactdas ave ww'-lv)v\\,
on cach ofther N a cycle

Deadlock ovoidance: Ti wanb o lock bal Ty Wilds a conflieth,
wart-die: 16 Ti highew pronty T, waihs for T, H release tock.

it T, lower priorty, Ty aboerts
wound -waits € T, highe priori it coudes T, to obert
TET, lovv privvhy, it wat?y for T, b a3l
age’ now— stuart fFene

h

a vesouvie, No otherw

Prio~ty by
Deadtock Detectron’ Build , node per Fransaction, i€

T, helds a lock That r—h'f'lm-z with the lock that T, wants,
add edge from Tz #o T, .Cycle Mdicates deadlock. Absr+ one o

end cdeadlock.

8

Samc

9

from T2%

value of each vesowrce.

cts 75 valug €rom tue same transactiou
weite §a S1,7+ meast

do +he Same in S$2.

@Smc wu‘nm‘aﬂ werrtes —Same Pronsaction writes the €rnal valwe 0F cach resourxe,

Phantom Problem o whien

+he same
fransactdn  due to  oncurvent msert/del

a(,weg‘ retevras diffezent  yows

wifhtn the same



VLRs:Slotted Pages
“move page header 1o be
s Footer +oallow space
for records Yo qrow
-Store length and pointer
to start Yof each vechrd
in footer (48 each)

~Store Hsloh and ptr

Eree space

Tndices
~DS that allsws for {fast
lOqup o a searc.l'\ k
'|00kup Con be c(lq,am:y,ﬂ.@,ZD)
ete.
~ searc h k'(y D a subset of
columns
—W\a.‘y store ,o?ﬂ"‘b"_( H
ile (key, record |1D) 0+ enitve

De leding Becords

- UnpaCked Lagout: no%:‘vg
changes, byt Here @5 emply
slot

~can canse fragmentation
-2 free b‘y ts Iin ONne
place, 2 more else.
Since slofs are kc'ot
cannot tmsert "fbyfe
record.

~Packed La-:)ow": slot removed
record Yeugth, ptr pair removed,
Eree space ptr updated, siot
count decreases

records

Data Storage
Alt 1 : store actual recovds
Alt 2 stove <key, recordiD>
Al+ 3! store <key, list of matching
vecord 10s>
Record ID is page #,slot #
Actral recerd contains key

(lustering

Br tvees 0(h) +ofind key
-Leaf nodes contara d4ata
entries( heﬂ, record | 0)

~Thnner wnodes ave only for
lookup, lett s < vight 75 >=
-Ad=z9rder of tree

~Each wnode contains up to
24 wvalaes

-Hcfyl’l'\'zﬁa'[- oenters from
reot +o a leaf wnede.
“Mox fanountz2d+)

T O(,cq‘oawtﬂ Twvariant ‘every
aner node (except veot)
wust pe at least half

File Ovrqanization

- lteap file s o file w/ no
order enforced.Records are
pla.cv,d arbitrarily across pages

-Sorted file is sorted on a
key (subset of the fields)

full
~may also add .sa'b]f/\ ph\_g
bci\?we,em leaf A«od(gg

~(lustered tadex: actual data 3
":"“J“‘} sorted in order of search
J - inver nodes corres,omd

Yo leaf nodes on left and
$0 on
-1 I/0 per page of vecords
=Dnclustered index: data not M
order of search key

-1 T/o per vecord

Cost to full scan B tree
=H data pag es

Qisk vs Memor
OFSk -'.S)Ou?/ }of of spuce
Nemwy - Fad-, }u’mﬂ'&d space

Rcaa\/k}r;'l-cs - in memery

Tnsertion
1. Find correct leaf L
2.Put data e,wlv\y tnfo L

I]:mplcmem‘invq Heq‘o Files
-Linked [is+:each page has
2 ptrsifree space ovd data.

You have 2 linked lists of
P%e-‘?fooﬂ\ connected to a

header page.
-List of full pages
“Lisy of ,oa?c.s w/ Cree
Space.

- pagc alircd'orjf linked list of
heade, es.Each catny of
a header  page containg a ptv
0 a data page and amt of

3.2+ enough Spacc,a‘»&nc.'
El,se, 5{)(;‘{— into 2 wodes
with d anad drl enfries.

Y. (opy leftmost eatry of
right child to parent node
and add vefereaces.

S5.T¢ itaner aode full, gp(f{-
A 2 and push middle
val up

Use O3k for data pages not
needed m medn‘a‘l’cly

Buffer Manaqer

-moanages u.ho‘o‘kfages are

loade n MGMOy

~controls when pages are vead

fvom and weritten to disk
-deccdes pa esn o eu.:o“c.f‘ based
on page " Vreplacemeat policy

Reglaccmcmi’ Policies
-eyiet | recently used
LRU P“;,'e%gﬂffsvthen CCC:.‘l'q,\z\ chae_g
are po'wlar.

Max 8 data catries:
24 (20\4- l)h
w

wode mox
Cap  fanout

Uock~arra~\ge frames in circle,
Pasy A o cinle it vef b/ 3
Set +to 0, T(f ite ,0,{- 04 cawn GV{'Q"".
LF its tnned Jusk ske .

Do net move clock hawnd if hik.

free space for the datn page|Bulkloading

If Tmplemcni'm‘?an 3?«/61/\, include o

T/0 cost of rcdda‘nj/wrff':‘v\j the
files header puzu
2I[0s por wodified page

When il factor exceeded, add
arent node, and create new
noede and add theve also. T¢
mner node full(aot £ill facter), split
0ad send up middle val Adjust
ptrs as needed.

U-eviet )
gage,\?ov'; -Fa'r Os:t 3::&7‘73 (‘16;:‘

Spatial Tndexes 0(10,7 )

K-d trees -used +o perform
neavest neighbor and ranle.
queries ovéw hi h oimensi¥nq)

I 2 P(AO\,SC Lookqu{éPl_Q_

~From Start 'l‘odu.mh‘/ alock s

transactton Dn|‘7 acquires
it onlj releases locks.
Cascad;

that Nirectly or nlrectly vead

St+ritt 2°PL avocds tha bJ bnly

releosed , the
locks, Then watil the ewd,

A0orts cam Occus T€ @ hramsackion (tasds an
uncommrHred values whith ore later aborted Al +

ackTon s
7S dagfqa must also abort,
allows Locks o be

veleaged afFte end of FHhe HronsacHon, whea it commits,

data. PartiFions poin ts tato
sep bexes. Nearest neighber
search Mmvolves 5carcu:€7 boxes
close to the query |°°'J’1

y‘l ys



Exterval Algorithm s
~o\c3|‘?v\ed for the case that
fleve 5 move datn than

5p4c¢- in mcw\w_j
“Com’t acless value wheaevev,
Aisk accessey are exyensive.

,[ 0e3

"rakc ome relation and Mq,‘h',hu'v
each tuple with tuples Ffrem
other vrelation

-The Jotn condi¥?on Aetevmines what
vrows n He ofher relation match
o a vroww Tn the Rt relation

—Exclude the final writes TD cost,
vm‘glnl- not be wmagferialized

|Sort Merge Toin (SMT)

1. External Sort R and S by fhe
jom key-

2. Tterator oa R, Tteveéds on d.
e RS key <S5 kv,addaucc R.

Le S5 key < R's  key, advance s
Lf keys ave equal, output watuh

- 5+M‘|'c”-'0.‘vido. and (ovquer
- Start w/ chunks that do €t
TR mMemor

~Sort using Ext-ernal Mcge Sort

IGu\uul External l“lerge Sort

- Efficiently sert Y pages
with B buffer pages ia ™memor
.-USC a f-"NLuCr and merge ’+m+‘.’y W/
n passes’ cejl(N/B) ruay of 8 pages

Notation

[R]:# of pages R

Pe= ¥ 0f records per pege R

|R]= # of records m R(cardinalif)
- IR1=pg * (R]

2. Mark first matcy s of oy vow
v in K. Conttaue Thending a3 Worma),
when R advances, v +Hae key of
¢ 3 the Ssame peset S o YFhe
wmavk. Otherwise, release +he mark.

TO (eost =30rt R+ sort S+ [RI+[S]
pc?""rt“"us'l'fcm -SO"'l'C-J Ou“"u{'
i

mege nsftad of walkerialrai

~Pass lisort mere pages at once,so
fewer vuny merge
~tan Sort B pages ot once

=~ Pass Z-nlmcrje more cuns at owee,
30 FHinTsw faster

-tan MmEfge

onge ~>ceil(

Bl runs ot

Bruns frompev ’:9'
B-

T/0 Cost = qudp
2N > (1 + Tlogg., (TW/gNT) Zdrrms
| Ha,;"\?v\z

_57"'\& Nested Logp Join (SNLT)

"
~Saves  2[r] or 2[5 0~ Z,(Ll:l-:-[s]g

R », S:
o0 row r in R:
for row s in S
if 0(vs):
dudpwt ¢ joimed w) s
T0 Cest = [+ [RI-[S]
-Fl?pp.‘v order can change L0 (ost

“Oaly works w/o duplicates
IO (ost: sork Rxsert ~LeI- (5]

Buffor req to stream beth:
vune(R) +ruas(s) £ B-I

Buffer req b stream one!
cuns (R) =B

NLTs: nubl check
vt vight-has Nex+
store "piytecad,
compare 1o lefh
i¥0,L.co~cat(r)
else i f lefr- has

wmare, advawie e
veset- Nyuk,

else,retnrm Aull

QLILC Hask Jotn
1 Hash both R and S usiag hash

-Want +o ye able +o roup "‘7e+l\er
tuples with +he sameV key valyy
“Partition tThe data wifh Y hash
Lanchons applied on the key .
-al -!-m'o es w/ a certain “key witl
be in dhe Soame sz'l-nu
My

“Usehul for romoving duplicates, group
Extornal Hashing 3(K]+2[R] for caca
-Use a hash functioa kp to  pass
partitRn the datn.

-Werte Hae Par{-?ﬁ"ns +o disk

Page Nested Loop Toin (PNLT)
R ™ S:
for

page P, in R:
for Prge Ps inS:
for row r in Pg!
for row s in Fs:
if 0(v,s):

output r jota 3

TO Lost = (@] + (R][S]

fanction hb ato B-{ Pastiivons,
Write all pariitions to Avsk.

. For each partrtion padr (R;,S):
Load R; iate memory and build
On 1A wmemory hash Hable us?hj
he. Stream in tuples of Si, prebe
the ™ memory Lah hble, output
matching fuples.

Portitions oF R must &F in B-2
pa.zu .1 $o shream S pv{-?ﬁ’oq,l for
o Pwl-.

L€ Sis smaller do SR, Also

-(an splif wwh B-| pu-lri-?ms

-Tt the partifivas (a,fc small enough
+» £it Tn memdry (2B gages) load
them Ta and make MP Js’v\-;\e:.

hash +able for cah one, one &+
a +ime,

-USL o Al.'(’e‘fbw*' '\.,’h
tanction h,, that is
independent of hp.

“Asswme pu"f‘ed- hash Faactidons

C&q’wa\ fur{-.‘h“o...,)

-Recursive .,r{-n’-h‘w\?a:y beeps ap,l,?v

Block Nested Leop Toin (BNLT)

R w, S:

for block of B-2 Pages (g in R:
for page Ps inS:

for row r in (g
for row s in Fi:

pek® vt if 3 (v,s):
PO, \ :‘:{;ﬁ“‘ output r jota 3

L0 Cost= [RT + [[RT /(8-2)1(5]

can fC(Uw‘sive!.j porh‘l-ru.

Re lational Algebra —alwany) closed (a

Unar Orerod-ors N

Prejection (M) Weya cq)2 (W) vetune
R but with oa', colL and cel2 |vke
a SELEcT.

“E& you preject away the
olumus +Haat 2 +uplés diffen
by, ‘heJ collapse ints onc
tuple.

Selection (0):

hash  Functions anti| partdioas

£iF Ta memory

AR hasw funcilons wmust be indep.
-Terminate algoritam if all values
in partifion” arc the sSame.

-At cach pasi, you write ol Fhe orig
prges 1o disk + B-l pages ’V{”ﬁy‘“'
~Pactitton B Cong when <& p e being

lzta [
. read. Wate TF out,and doad vead F next Frane,

T terators

-No su\ppcvr" for candom accasses
—pwll.s records owne at a +eome
~Stream:vrecords vead one by one
(Eilter)

~ Materialize: 0
atl Tagat be

C:or{-, hash)

eroter mwst see

/ vadaau‘v output.

fore

Lwndex Nested Loep Tein (INLJ)
R ™, S: ey an S

ILD" row v ian R:
for yow 3 a S that satisfio

0(r.s) Hound “’“’\’1 the tadex)
Ow“'fn*" U join S

TO Cost= CQ] +|R] % cost o fiad
Matchiag S tuples

Cost to Find matching S tuples?

d Ve of o leaF +
it 1 2:: i:u +{:qu‘ l:;; m'lzhh" Faple

Alt 2[3: Same 6s Al | + L TO per
page if clustered, else, 1 0 per tuple

tuples from HP-l-(...i- satisfy pred.

-same idea a3 WHENKE

Revawming (P): Prasstd(R) retwrns R

b:j‘* w/ T N atteibute renamed o
Sié,
-SELECT ;4 AS std

B?i\ury Opc rotens

Union(V): RVUS contains atl duples in
Rand al duples ™ S.0Oaly defiacd
wheyy both vl!elai-na_s have’ The same
attribates,

- a hple, a rs M botl

R and 5, coVlapses nto 1.
-same as UNION

Wwoys vetwny
stlation)

red (R) Kkeeps aly 35 (emwatabive

Mml-l-;-granularf{-j Lar.kl‘nj ~allow for locktay at dite levels (D8, fuble, pa,ge,ha,ok)
Tatent Locks-To S lock +uple, IS 08, table, page st To X lock tuple, TX D86, tnble, page frh
An IX Llock docsu’+ praveat plachy S lock 0a a Aiff fuple, bt an 1S lock prevenb

Jou fom ‘IM(TV\J an X Lock on

SIX loctk cembines S and LX 49 scan hblc,u’ota.h poge, etz Rewmove all S amd 19

locks Huat ave descendants

Fuple.

of fhe SIX lock.

Parent — (wild
NL ND'H'\D’
S Noth M}
X No\’fh‘qj
b 1s,5
IX XX 1S5,

SIX X, X



Set+ Difference (—):R—$ returns
R but with any taple that agpears
in S  removed.ORly defrned when R

and S have the same a¥teibutes
-EXCEPT

(ross Product () : R xS returas a
relatron with a tuple (v.s) for every
Faple r in R and every tuple s in 5.

- Deftrned evon when R and S have
Aife at+ributes Q,‘Cs vr) :LR"b)U

(om\aowd Opera'hrs: (RxT)

Tntersection (n): RNS returns a

relation That has only taples

Mppearing i both R aad S.
-On\a Aefined when R and S
howe the same atir butes,

- Equal to R—(R- S)

Theta Toin(no R S refarns fhe
iNAcey JoOin pF and S on +he jOta
condriron

- Equa) to a3 (RxS)
- R INNER J0IN S DN @

Nataval Jora (W) R™MS petures
e watural g0 of R and S,
whith s on cvery Column it Te
Same Name.

~rR.co)1. =S.coll ... R.colN= S.«.IN(RX‘S)

bronp by | Rggregatn Ly):
-Ycal,LOUNT(}) 52(R) retwrms R grouped
b col,Md tilters gridps that dan’4
have COIINT(,{) >2

v MAX(col) (Q refuwms mox ovzrcglm‘

"Ycel,Avl,,(wn),Couwr(wkz (R)  the
Same oy SELECT col AVG(col2) Phom R

GROUP BY (ol
HAVING COUNT (&) >2

1Se

ectivity Estimation

Sc(ec’u‘u.‘fj-fwa.d'ran of les
$a+v‘5£\7-‘n a predicate (0 +o )

-deﬂ}.uH s '40
- Assume data s uniform)
distributzd across the vange
of Valaes if mnkes own
~Assamt predicates 0. Aifferent

Cojumns are 'Malepcv\.dcn-l' ot each
other

“Predicatrs
colamn
ltke X210 and x>20.

m tHhe same

Let [e] = # of distinet values ™
(olumn ¢

T4 uou have f"JGX on CO(uMdl, A3Sume
yoa kaow lel, max(e), min{c)

are offen d-e,Makni'

A’,l“j SLlco‘fN:fJ ¥

Se liqgr Dp"'l-MTEcp loaf nodes
Pl ; leF+ deep trees,
a\l“::‘o‘ Spﬁﬁfs a‘:“ wo jo Mcgvvul

Search ﬂ'i&l‘fﬂnml Oym e P(‘gj,
Lett Deep: ((AmB) mC) ®D

/N\ Runtime t O(n-2")

D Trterestiag Order:
/ \ T+ query hay ORDEA
N C BY, GrOUP BY, o~ & JoIN
/\ lai-cf,m."kf- be woti
A to sort by Heaf
B ottribnte Y now-

Drop plans it »o join cond.

Pass 1: For AL C/Llwl-ian,
Tnferesting  order) paie, £ind min
Wst access Mmet hod.
Drep plaws i F Haey dont have
0N MteresH >order AND iltS
"M+ Hee o‘acqfc.s{' of the velation

Pass i: For each (sabset of siee

' Query Optimization
Naive plan: scan A, scan B joiy select
Altermate plauns:

(D fx;s h-l-vse f;(.ed-v"m.s /] projec +ors down

® Materisljze mbermediate
relations(weite o o femp file)
® Use indices [0aly SNLT, INLT, and 515

présevve Mierdsting erders
BNLY/pNLy
T4 ¢ on left relation, pushing dowy
helps, otherwine doesn? help.
Tf material iged, pa write cost Once,
but veduced size For future Scaus

Total Cost = Scan costs + matervalize
Cost + Jo:‘n cost of peages that ave fed.

Plaw Space = Sct of plans considered
by Optimrzer
Lost estimation’ TO cost per Plan

N how o affcrewH
Search A)‘ywuhm-‘;’fd Sesh ;,:: Y

L Ovd'fwi' ')"‘f,%/n“”“’ = i of relatiday, pateests scder)
l_@eleu}-wi{y) (total it of tuples)) g"'\ol min cost access mothod.
rop plans if th AonF have
Pred Seletivit an ‘ateresting oder AND iS5 not
- ‘#3{- the cheapest ™ mefird for the
g=y 30 TEyonkmow ld | subset. Tarasing sohes gy ¥ 2Rt
{n83={g A} bet A BNLT B3
=2 | YhacQa, 1e2l) 7| and & BNLT A might have d¥RT
know both -
%{.il Te Jev\ knew one Transag"'l‘Ows
(_ollcci-‘a { erations that ar
¢ ¢V V= min (c) « Single 1o nl anit, o )
N ~We want all o(eraﬂ‘on.s t+o ha”q
mhﬂer MaxCo)-m?n(c)fl at owce.
Atomicity - All aperats ™"
~C >V MO\X(C) -V ha”e.n Aone '—o: -l-oh:in. 8 rpn
( 4"’07“ MAKCQ)-MMC(,)... [ Gg‘ns?si'erc -qunugfon must leave OB
in q s 33 b '
&=V V=i (c) +) the DB ek s o
iy {_‘ n Tsolation-T€ +wo +$ransactons rdn
mrejer mMax(c) -min(c) +| Concarcently, They shouldnt prerfene
W (& (-} [ o
>V mox(c) -V +) ga::t‘”'";:}e* k}ﬁMm’*hd travsaction
- rS 4
144'&,&/ Max(:o) -min(d) +| Commit - succoustul +ransaction (,_’“‘;‘;‘74
Abort - unsuccess £, (fcdu'l- changes)
coV max (¢) -v Serializabili
€(0a,\' MGXCC)— min ‘C) SLVS\:‘—Mlz—m n which Optrduu of
a o actions ave executed.
- Serial Schedule- o
'E ‘4 ": V- min (_C) 33‘:;“31"2{- ;e-fri‘;;:‘, :m?::*rn?:ﬂe.-
00 Mmax(ct)—- min(C E u?-v lent schedules favolue sawme
() inLe) -l-}ans:d--‘o«.s, &rm:l‘ :h*':w:&v*"t :MG, and
L ANDG2|  S(p1) < $(p2) Sp tbagaren has Foe dame srtret
Ir\dependm{ Tsolatron -» schedule » equivaleni-to a
serial schedule.
pl OR pZ S(_Pl) +S(p2) ‘5(r1 AND pZ) We eireck t6 schedyles ave conflics
sevializable.
NoT P I-S(p) Conélict i D At least oue operation i
Wwers
i Fromsacoans
Build a h with 4 wode per Q@ die .

FronsmHon. 1 an operation M
Ti conflith w/ an Opefﬂ"'fﬂv\
inTj,aud The op M T; comes
£rret,add an e from Ti o

T,)- A“ Co-ﬁ-HFc“' s rralizable sclhedules
have an acycl?c— dependency graph.

Just check Gor z_yclcj_

@ work on Same resduvce

Con‘llz*' Eq’uqu,lcml".l-cf' S| have
Conflret where T,R(B) comes betore
T, W(B). Then $, wibl also have T,R(B)
before T, W(B). This mwst apply for
ol conflicts,

T conflict eguivalent +o sevial

Schedale = conflict sertalizable



Query  Parallelism
N,

Later-query pavalleliom works
wnit of  parallelism

—Ex.'mwm‘vxj S querics in poralie]
Im+ra—{mery paml[g{.‘sm wovks within a sfmyla query
‘Ex:S(aAnr‘V}j 2 relations for a ?Wzrj fn pavalle].

usfvy iuerfc_s as +he

Parallel Aggregation
J [@)

J
ajgrajqi'e

To calculate fanctions (SUM, COONT, ete.),

Iv\'l’f‘ﬂ\ -quevy Pavallelis m

Iq{'er-OPev‘a{'ev'
of pavalielism
-Ex’ Ruuning 2 scans in paralle]

avallelisw  works using operators as the unit

IV\+ra-opoem+of pamllct:.sm wovks within a sfv\jlc o,oeran‘ow
"ExIS,occh,:nj up A Slxﬂylc scan by having wmultiple
Fhrcad? o wmachines read differeat pavts at the
Same Fome.

2PC Optimization

ABORT ;A absence of
abort,

information s called PNS%W&#/

Presumed  Abort: Assame Hoat o Yransaction aborts
¥ we have no 10\7 vecords.

W hen a ']‘rqmad'fD-/\ aborts

®600f(l:‘ﬂm+w cleans up locally, and can vembve

use hievavehica ajyrejai'f‘o/y,
,Daom,oose agﬁmga.i-c into g\obal and leca).
“Ai)of’lj local aggregate on each machine
independently.
~hpply loba) aggregate pn local a regate
va lues 3‘!’0 (7@-[’ final ajjfaga'fﬁd vag e.
Asymmetric  Suuttiles
Data s alread ,Dar+ff~r0med Hhe way we wantgo

no weed to vEgpastition or Send a1y dotn acress the
netwark for that  velation.

+V‘0\|/\30\L+I\DA Lrom table withont AC Ks.
@ puff.‘d.oaw]"s that receive ABORT messages doun% send
ACKs

Broadcast Toins

Tnter ~ogev ator Pavallelsm

Pi,oe,lfnc Fwal{d]fjm is inter-opevator  paralklism on
operators pipeline
'ExTProJ'edran applied on selection applicd on

scan:selection depends on output of Scan,dud
projection depends’ on outpat of selection.

in  a

Bushy Tree pa.fa,”e,[},_sw\ is l"/\+cv‘~DPefal+B/ ,oamlle)i.em ow
operators  that doen™t dgpgq/\c{ o each ofher.

“Ex: (AwB)wn(CnD)
Partition

Fhat works
on par{-.‘i—iom

prollelism 15 infer-operater pacaliclism

bJ;ﬂP;Qt;ﬁ'}ffo fle  data auwd o,ﬂewa#nj

When 1 fable T3 e and L M small, i€ tue la../*je
tuble = wot pactitioned properly, 1+ might be coster to
brodadcast the enfin ‘H/IJ table tHaan tv veporhiFroa
the lao/*ye fable,

@ T+ participants  don + heawr from (oordinater about
s tatns, sead mquiry. DEf tromsaction not ia coordisatoss
frovsaction Yable, e fuvn ABORT,

@ Pw{-l?_?“oa/vf— 10 do nof need to be stored i abest
records (s we  arpnt woting Tor ACKs

@Abori— vecords  do vt aced to be flashed (1€ e

Dfsjrf‘fbwl’ﬁfl COWI'WLAJ"\W)
@ Shaved nothin avalle]l avchitecture

vash, and doa't see an abort record, we SHH A3sUMe

it aborts),

-No shared Maw»o-/y/dsk,dl' Comms over wnetweovk
@ Network unreliable
“Packets way be ole[adco!,dmwlfca%cd,raom{ewzd,
dvopped
@(Jocki arc  noft  synchronized
ﬂcaqmﬁ .)‘45{' Use clock to erdes Méééqﬁag—m/)oy

%

Network  Cost

The  amount of data
netwo vk (£rom
M operation.

Onits U.Swot“y kB

needed to send over the
one machine +v anotier) 4o ‘p@ffvfw\

Unlike T/0 (est,gou don+ ypeed to sead data over the
netwovk it unitsY of pages. For example, gou can send pae
tuples  worth of data acvess the nefwérk.

Z P(_ B[ock:‘ncj

When a node goes down duriag Phase 1, any  particioant
that voted ges, has Fo keep locks waithy for commit/akort
W\.»:éSa.ﬂe,

-
Tt a

ceordinater

a/‘hl:‘powd' doesnt  recover atte,
sends COMMIT message, COo/dinater  vespawng

Portitioning Data

Rawnge pof{--’{»rom‘uy on a ke
which vawj@ Fhe [qg bg]a./.gs +o.
Hash powvtitioning diides data based 04 a haosh  Fanctioa.
Round gust cgcles m/‘ml]h Fhe  partitions
in orden .

divodes  data based on

robin )oar‘rfffom‘w
as  data cowmes

Phase 2 (Results): (oord nater +elis particspants  the vesult
ot tue vote.

-Requires unanimous agrcement; it an participant
Canvod commit, no vodes commit o preserve a,‘)'vmnlf‘fy.

Parallel Socting
v
@ Partition the data  over machives with range
}Oomﬁfv‘vm/‘/\j
@P&f{wm exterval sarh\wj on  each machine
independently

Tn Plhase ], cach pa/"l'l‘c/‘,oam{- logs and Flushes
eithe~ a PREPARE vecord(for YES) o~ ABORT
record (for NO) Flucth  means tForce to disk, The

eatry  iniludes tue coordtantor W) TE a pasticipant
s voftng NO, i+ can fmmediately start clegain ap

lo

Pavallel Sort Mevrge Join
D Partition +he data for both velatroos

over maclhives

Crcleasi/\\j locks u,-/ldo;-/lg Ll/mwgc;) withput wmn—mj See
Yihe tmnsaction woa't go 444»0«47h.

Iu Phase |, the coordinaten tollech all votes,

with vange partitioning. ‘ decides to commit or abert +ien logs and Flug e,
-Use the same ranges for both relations a COMMIT or ABORT rccord +o its o log befone
@FPerform sort merge join 6v each machine sending put the vesalt The 1oy eatry rAclades
indepeadentiy all pasrticipant 10s.
P el Hash? Twn Phase 2, the coordinator fends efther  a commm f
arvlle aSAng or aVort vmessage Yo all pasticipants, Each participant
Use a hash  fonction 1—0 portitron the datyg sver log; ond Hlashes o (OMMIT or ABORT vecord fo s
all {:L\L machmw(hmh I"F"f’hf"”\" ,then  vun  external own iaj, Then, g,l,\&y execate v and Sead ackwowleal7ew»cm+
hashing 00 each wmwachine mdependent! Yo Fine ’ coomdington
Pam“e| Hmsln \)o"ns Ta Phhase 2,9{-f—w all pa,(/‘ffdfﬁamfs have a_ﬁkwowlgdiedl
Use hash Pam‘f{'?ﬂmi"\j on  both rcla,+/‘sm, Fhen evfovrm the cosrdinator legs aa END vecord to it le “"7‘\":\ "Cé“/\‘;g(-‘
6 grace hash join Too  eath  machiac iad&pemdemfg Yne Yromsacton From  the traasactron taple. The

l@ recerd s edenf—mllj w(—(wéhed/bmj— doesnt have te

Join Pipelining

For bofh parallel SMY and GHT, the sort oy
hash  wmust L@W&f’d‘/’e before completing Fhe joia.
Therefore, a Mmachire has +to wart tor all ofher

machines

to fnish  sorting/has hing.

be flushed immediately.

be 12:03: 5 mdchine  and 12201155 on pa/‘+747'aa.41',v/‘c£m/c/‘§ feom log avd eom‘)mu:s. LE& the old
amo_ﬂ\el/\ 05 on ne Tnstznce comes  op, +eltl 4 ‘o »/EL74[6 THsel .
® Lannet acmwafclj check fF a nede is up o dowa, L€ tue coordinate, doesu™ vecover, use Paxos
~How do you dsfiguicn between  slow network node
Foat s busy (but wih vespond evwmallj),qm a node  thgt PO\?(OS
5 down. Phaose | (E(eC‘I"D )
® Data w pa/*f—"%l‘oae,d wer maltiple wnodes. -p N Lo
~T¢ avy wode has a problew, Thea you caumot Save ql) reposer picks a ballet id.
thanges™ Yo preserve atomicity,s0 you ~have +o abert. ~Ballot id mask be wnigue per proposcr and mth
T on CZ ) Fhan ady ballot i seen so ‘o
wo as i PC L <\
e Commit 'P/‘Of@écl/‘ seads PREPARE (ballot_id) +o all Pomr{-sc:pa'/tb
Phase | (Voting): Cosrdinatoer asks pavhicipant te vote. -Facl porticipant keeps frack of highest ballot id
~YES to commit ¥he 1~r¢m5q¢{—ram, ND 1o abert. received so far Cmax,brd

-T¢ par+?c7,0am’r has o,lV‘Eac{j veceived a hfyhcr ballst Td

(W'O\,)u bid = paflof.id) do nothing

~Else, wrife ballot_id +o log and flush log recorl Yo dis k.
-Sead PROMISE(ballot-d) back Yo propoaey

-T¢ alwmdy sent an ACCEPT(old_ballot valae) where bollokul
7 old_ballof , fnen sead PROMISE(pallot.id, (old_ bollot valuc))
TE majority respoad  PROMISE Cballoteid), then proposev is
fhe new teqdew

—L1€ wmajority vespond PROMISE (bolloh id (old-ballot, V) :
=Seleet Vv owith hré,w.d old_ballot value as fue
p/‘apased Value v phase 2. 54l wse  ballof-id ﬂw.ﬁh

Phase 2 (Proposal):

-Leader sends propesed value v by .5:4(11‘&\7 PROPOSE (ballotid,

) + all puri--‘ufwa-/\,f)

~If a pavticipant has alrcady recetved a h.};hw ballet 1y

(mox_bTd > ballot_:d),do nothing.

’E|5e, write  ballof_id +o Lo(jl and ftlush lU vecord to disk
-Send ACCEPT(ballot_id, V) b propeser

Phase 3 (0ccisfom)f

T+ leader hears a majority of ACCEPT (ballot-rd,v):
~Writes  ballokid o l?ﬂ and flush log record to disk
“lete everqone kuaw tThe dectsion bj broadeasting
COMMIT (bakot_ 4, v)

- Participants  can now act on v.

-T+ no such V"W‘Jﬂ"‘#}’ exints, tea the ound falled aud

a2 new leader was ¢ lhosen

~TE dnece was a mq‘)‘orh‘y,amy subsaqut’nf voand ¢ ooses

v oas the

™m

(onSensus valwe.

2PC Hana{l?v\g Failures

‘ASS AMme

all machines e,\/emf-umllj recoven,

TFf the coordinator thinks q pa/‘?‘v‘ci,aa:/tf’ weut down:

59m metric Hagh Joms

7t doesnt wneed al)
be pre.sem’r before joiaing.

Algoriflm - meanin
relation  to
“No  writes  +o drz.k,onljy n wmemory.

“()\ac(lmifes cach R aud S pa”‘”"\@"‘s to fit in memevy
(B-)  pages

- Get movre
Smaller

Stre amin
+up les of 4

machines +o make P avtitions

Basic Tdea: Build 2 hash tables at the same +ime.

When o tuple  from R arvives, probe S5 hagh table for
matches. TE there ™ a matkh o- M%U/‘Plc Malches sutput
them, then add thc tuple  inte Rs Uash fable Same thing
For S but v wersa

O Lt e particpant didat vote gyet, AKORT
@I{' warting for acknowledgement, )oemﬁofm vecovery

I a powf-iu‘pam{- thinks the coordinater went down'
O TF PREPARE record wot logged , vote NO(abort)

M= # of wnodesimachines

Nz 2F¢l Yo +olerate F'FWQ[V""‘-‘/”'V'%“ fosl bﬂ 5+0fpmj
Qaatuu‘rcmem{-s N
@50»&‘970-/\1&/ a P/&PQSEJ value 3 chesen,and o/\ly sne value

5 ever chesen

“Majority = Fel, i€ F nodes full,
larvizs” Yne  aczepted value and  will e lude
PROM IS ES.

@L?Uencsstlf_lo(rca,j aaemhq!y converge o an aj/‘m:u( upon value.
(® L# N<2F+l, then no guaruutees oo mauy farluves For Poaxos
o work.

+ leagt 1 node lves and
X ™t Y tave

& T+ PrREPARE record Lejgcd, peviorm Ve covery

2PC Recoaa.rg
T+ theve = a (OMMIT/ABORT vecord, execaute
dedsion . TE its the coordirator Tk skl hgy the

\oarﬁci(omi- 10s, 50 i+ Lcch $em.di/\:y (OMM T/ABORT
wakil s ackmowtedged,

TE there Ts a PREVARE record, but wne [QWMIT/AQORE
its a  partivpant The particpoant seads o wmessage to

Hae

Livelock
When two propesers keey outbidding cach ofhcr with
Im*jke,r ballot tds so0 ne progress i made
Sohd—?zm)
Dedicate o Fixed leadesr as the onl\aj preposers.
- Elect ‘\"/\/ov\jh Paxes or ether algorifum
~Blect new leader when leades diecs/crashes

'ESSCA+}al[7, skip phase | of Faxos

Ve  coordinatov ask.\/\j for the statas of HhE
Yronsac o,

I,{‘ H/\wc Avre WO 10\7 ("—60"&5, as o vom/\{-?@,ooml; abort
bhe  Yeamsaction, since you never  voted YES. T you
receive YEN/NO messoges, T1s The coordimator, uwmich

Paxos L@zi g

On PROMISE; pari'rcrﬁzmi' 10'95 and €lushes ballot 7d
On ALCEPT: participant logs ond  fleshes ballot id and v
Whewr majority accepts: propeses 1035 and flushes ballot id

Shenld SPond  with  ABORT.

and v



Paxes Alt Endivg
NOqu( EV\J/\ :

P Broadcast (OMMIT message

~Pros: o N) w\gss,lﬂg_g sent

~(ons' Low veltabilify and vequives an extra veund of
Lommunica fidv

Suppan{nbl Tﬁpeé :
@ Oboéc{' : {3 , ;4(_3 -value pairs , no debZ—AfZ keys
® Ar/qv [T, ordered st of values

JSON -Savqﬁcm"a{- Ok{jccv’- Nofatron

At Ending: Porticipants broadcast to ofher participants whea : i
0 oxcca;\:ile mPa\m,lm'z I 4 ® Atomic! a Wuwmbev Cé Y bt Float), st Mg, boolean, or null
—Pros: Dae less vouad of commuwnicatisn  aud wmore | SSOMs  ave sl € descfv.@r‘nj— the schema elements
reliable are  part of the o{ad-q/ which  allows Cacyy decuwmeunt
—Cons: O(N®) mesSages seat to  have s own schewma JSONs can  be veprescated
" ‘ as 4—/‘555/ due o M nested stractave,
orkloads —
JSON ve Relational
Onlim; Transaction Process Mj (O LTP)
== JSon Relationat
= Iransacto N s -
activnal CCVWJ OPQ‘P“"_’ on s ALID travsaction Flexibilih Vevy Flexivle, can represent | Less Flexible
- F0\,5+ pro(css l‘-/lﬂ (Qu&wfca arec stm'olc and wc+wm iw’ck/y) i Comff:,a;:m‘hn’ 1
nes fa
“Normalized C"{“JW‘ split tato tup les, no r‘edwmdaway) Schemaq Sclf -describing) Each Schema is Fixed
- Enforcement Abcument can have
(wrreat datn (5'(‘0/‘&5 only  whats needed wow) en e, o
OV\IMe Anal\yh‘m) P,sgccssm COLAP) Representatton Text-based (easily parsed Binagy vepreseatntion
L - N ] and manipalated” by mang |(designed for effrerent
~Ama[\7h£q'(q‘werl es ave vead ‘Mly aad d(“s‘ﬁmgd for w/w'{:jms) Ian,JuAgss) Storage ond retrieval From diny
-Slow qufﬁa (5(01,45 Mmassive amts of dafa with joins and Buforcing Schhema oa vead | Esforcitg schoma 84 woite
4397294 Tons)
’Oenﬁfmﬂ(f?ed(lc» —{—a&:la), vedundant data, [es> joias needed Relationg) = TSON Shudoat
for analphical - querics) name | grade ot SO
~Historical data (stores past data for tread ama{ysfs) name  of +able —b ke SaMia |86 S
vows — a“’\’c‘\‘j of ohjezts Sarah | | 5§ f‘»w':"ﬁo«ry«:"gmd"ﬁg
Soumya |41 3

SCMMj
PaM-H—roAr/\j/SMMmjfspl:r data
machines ‘o merease pava lle(fsm
- Fast weites (Vamttel weites)
=Slow rams(MJ need o query mulbiple wmachines
to find  data)

amorg mul +iple

MQL Ajjv‘cga‘ff@m

:Sd:/\ﬁ/\x :‘/'/‘G{chw(_ w/ collect®r name

db. collection. Agﬁ»ragd’c([
{33'5{'051& le i };/
{$54’4ch0,¢1 {3,

praliac of sfa‘gcsl
eaclh takes the oux+pm+
ot the previows as mput

1

.j)groq‘p = GROV P BY
{&3/‘04#0 2l S breldname”, new Feeld : { daggPanc! "$freldname “133
| I R |
5”’"\(’ ¥ Fficldnane compute newFrell
agg Fames * $saum, bavg $max $ st $push, YaddToset
firet value “

colblects Same o5 VJ\A)L\
per group all valwui at we Auplicate
(e “atrer cort) oF e lhname ek
ka%
|a»/v~m7M

$leokup =J0IN

E$ lookup : {6rom "D tucr Collecting %) local Freld : “tretd”, foreign Freld: "freu
as . "Ou‘f‘pmf Aw\ay "33

FO/ eaclh Aoc in curveat collectrsn, ftnds all decs Crom  Ofherlollecton

wher ﬁrcfgnﬁ’elol mathes lecal Freld and puts fhem in output Avvay.

$match < WHEKE, %om\jeaf-:— SE[LECT, #gwau’o = GROVP BY, $lookup=JO)N,
$soct, blimit

For Mmany ve lattons

Option I beep cachh relatipa Json array

OP{»?e/\ 2: Taline velations boased  on kch CS*J%AJ.M# —» (lasses Takon —»
Salyjects rpat all subject infe Tato each classes fwkeu olgect,

mbmd pot all classes dakea 0/ o studeat info sue studeat
objed,

as a Separu fe

Monqo0B Quevy Language (MQ@L)

ML Updates
Ab.collection . insert Oag/insesrt Many (C{doc1}, {dec23, ...0)
~(reates colleckiva 6 i+ doesn’t exist and  auto delds
v ecach doc V€ wot )a/‘o'/l?leu/
d0. collec tron update One [ wpdate Mang (£condrtrond, £Lhn«ge3)
-{Lefulfv’-for\} = predizate
- ,:“"“"?"-3 = {$set: {statws | “De(rersd“33)
Ab.collcctron. deletcOue/dy leteMany ({coaditroal)
-delotes  docs  motching Sconditionl

Qé\ﬂ‘,l\CanM\.Cow Aata amamﬁ M(Alh‘p/t mac hines to
increase faalt “hlerance

- Slow wwvites (W\\AS‘F Mlpdﬂlfa all copies)

- fast veads(wmove marhines to vead frow )

the firet attribate 0F cach decument, PR+ Tree
Distributed Systems Mongo PB | DBMS
Desived Propeffrm ((AP) Database D atabase
@Consfsf‘cmy ~all clients see the same data af the samd Collection Relatioa
Yimve Document Rﬁw/ecawd
@ Avaflab:‘(?{j— every vequest 351’.& o vespouse Freld Column

‘OﬂLg errors T Pnput has evror

@PO\:/‘{—H-{@.,\ Tvln./*ancg/s\tjsh',w\ keeps wa/‘kt‘nj eren i1

MesSages  between machines are otela;/ed or dvopped or
even Vit certain machines ave discoanected from the
network.

(AP Theorem: (an onlj guarantes  2/3 of the abeve.

P s alwags kept
- Tradevtss  vetveen (& A
~-Tf+ kee'o C/ fimeout if Aata mrghf ot be up ho dakd
-DF keep A may respoad with stale  dafq
/‘Mffoc/ man .sysf“&(ms pﬁmfﬁ}c qua,‘[,,;b,*p,‘,y aud
eventua | cons}i‘femld,t?a,;,zau], all vep litas corverge
state once all wplates stop

-Ta
provide

o the same

BASE Semantizs

“E\/&/ﬁqa[ld Consistent S(yshzms ad heve +o tac 3
BAsg jmammfacs nsteqd of ACID.

O Basre AVM;/dbf/f*;j CReads/Writes  avaiiaple
possible bat may be stale/incons istent

@ Soft State Data cawn change its
updates  spread) so the oapplieation ealy has a
pmbalofli%j ot kdowing 1ts stafe

@Edeﬂ‘f%q[(j (onsistent : Given enough +ime (affer all

a> much as

2 own (as

5{-0/*55 documents which ave dictionarvies of k&\7~\/ﬂ[‘4C
arvs Same as TSON. Each docament has a special ‘—id”
field whicth reprcsew‘b its primac k@j-?d TS Tndexed and

= Operate on collections (Tnpat:collection, ontputicollection)
~Usaally one at a +ime
notutron Tfor quevies

~db.collection. 0pl(...). 0p2(..) whese collection
B the vame of the collectron and opliz 3 the
name of tne Operation

- Dot

Maepmmz _pracGSJ massive amouants of oata i ’oqrq//o/
3 pl’las¢>‘.
@Mapt Uses provides MAP function

_le‘,m{-.‘ C}/\pm‘ key, valmc)

—O\A-I'pq{' s bag of (intevmediatc key, valwe)
Sys-l'cw\ applies the map function in pa/‘al)cl +o all
(rnput keg, value) pairs in the dapat File

@ Shuffle s ntevnal +o  tac s‘ygfcm

"Impw" ¢ Pairs of (Mtermediate keff/ valae) X
_ Ou“‘pm{'  Pairs of (Micrme diate Keg, bag of vdlues with
‘e Same  tnafeyrmediate koj)

G/‘eq’o all valaes wif  fhe same key
B Reduce : User provides  reduce  funackon
~Taput:(intermediate key, bag of valdes)
~Ou+pul-:bai7 ot owltput (values)

Supported Valae Types:

D Nested Documents

® Ar/q«d [ ], ordered st of values

© Momic! a namper (64 bit Float), st ing, boolean, o0 vul)

MmaL Syw/-m‘.
@u{;?ald,m&s%ﬂlF?eld"-—)o\cces_s freld iaside  wested docament
@“o\fmg‘i”%»‘mx into  arruy (0-indexed)
® array.i.field s freld of the ith clement in arrgs of ested docs
@“ar."a@.{-?@ld"_, f aveay of nested docs, retuvns avray of tiat
freld  from cvery element.
® Dot cxpressioas must be M qaofes
-Ex: {"Laum ‘)vy,pﬂ/q lation™: 13
$ indicates  +he S‘I'v‘f/y 3 a 3special kayword ($j+,$]+c,$add)

= {“Pomlaﬁon i {$3+e: 10003}

Workers, Fanlt Toleronce, and Implementation
Wowkc./—sizvlc process handirag  one task at a time.

- | worter per LPO (ore

Hapkcdmc(’, Fault Tolevance:

OMappeve  write their outpat to tfheir local disk.

® Peducers than fekh  and reshuffie  fhose f£iles Te te sevver
Croshes  mid  redace, Phe Yask sfw?p/y restarts o4 a differecar
warker witl wo data less

IW\yJ lementation :
D L master node orchestrates evelything
@ Master splits +ue inpat inke M sphiss, 0y key, aud
0,55 7gus thom to workers
@Wﬂl/‘kers write output to local Aésk/pa/«l-,“#anenl mto R veg®as
(1 per vedacer)

@ Magter assigns R ceduce Fasks +v workerss,whd pull the velevant
regions from eath workers Ak Crom step 3.

Sfmﬁalew—a maghive  That Fakes  wnusually /a/y to

wpdates  spread) all reads will  be coasisteat

NoS@QL

@Kej’\/qlw: Stoves Every picce of data has
(S+f;/\ﬂ/fﬂ+ﬂﬁef> and a wa,[wcfcmu\ be amymi«w/),
O‘oe/‘m“'l‘a%i
-9et(key), pat (key, valace)
~Opevatrons on value are wof supported dve to value

hmol flex ibility

a uaigae key

Pavtitioning (Hash Partitioning)-TF tuere 7> replication, use
hash  functivns (ie. 3 hosh functions for 3 replicas)
@ Extensible Recovd  Stores

Variant (7 keq zvow I, valwe cvecord

Vaviant 2: kej = (vowln, columnip), value = Eield

—lon have ma Hrp\g colamn lDs ta the ke
Eaclh vow doesnt have to  have the Same colamys,

O‘p erations:
‘j¢+("°ﬁ>/ 7e’r([<cﬂ/ fc:a(uwnﬂ)/ pm‘l’(}(@j,\/dlwc)

@ DOCUW\CV\‘}’ S+9/‘&$’K6‘7—Vﬂ~[u; but Value s a’wa:ji
o stractared documen ‘f'CD_S DN,'XV\L,efc,)

- Docoments stored

nore

tn collectirons

MAL Retrieval
Movgo DB RQuery Lan‘jwaga Pelational Vatabase Equivalent
‘F:‘mJC(pr&oﬁc ate>, SELELT <profection>
optional sprojection=) ErOM Collection
WHERE predicate
]fM:+(<Tnfcj¢r>) timir
sort(elizt ot Freldss) ORDER BY

~\CMJ({5+W(««5,‘ "Tn 5+ock"}) ~for afomi Ficlds,)ujf' chheck
it £reld equals that value exactly
—'F?r\,a\({smh:{"nwm”: S, “+wge": "[mﬂwy'}g) ~for wnested decaments,
checks exact malch  weluding  freld erder
—(;AA({rcurws:[S‘/SJ})—cl«calzs exoct mafeh of the whole avray
—find (freviews : 5, reviews 193)~checks T vevicws contuins S and Y
-£iad(f3or: [Lcart “Hoada”], {stutus: "To Stoer1]]) ~ o takes an
array of predicates and vetwrns  docs mateniny any of then
Projection  © e Secsad arﬂmmeni* o frad
-1 means refarn that field, 0 meaus deou’#.
—_id s ceturned by detanl+
—canF ik )% and O: oftesr Fhon For _id.
~Fd({..3 £ear)L) returns  cov and _id fields
= Find ({3, fear ], —7d:03) retacas oaly zar
- ‘F?'\d({...}/ {car>), reviews: 0}) ecyrors siace 05 and 15 wixed
Sert/Limit - dot opevators: Find (L), sort({ ceuiews. 0”: ~11)  limit (1)

complete ene  of the latt Yusks,
Sblw{-ronfprc-cm'o-l-fuc backup execution of e |last Few

VemMata ?’:7 tasks.

590/"4
Similar 1o MapReduce bot better for multistep jsbos vecuuse if

chores Tatevrmediate vesults ™1 memory.

RODs = Resilica t Omstributed Datasets

“Distrivuted (5plit across
with ifs lmque

"LTMa,jc!c&Fmsﬁrsn that says how Yhat velatieog wos
ompufed.

ALl taputs, outpats, and mtermedrates,stored as RODs,
-I€ o servev crashes  and loses it
can vrecompute tac lgst P“’*’"”D“‘ fro
Spark pagrams  Consist of
O Trans€ormations (map, reduce By ey, Jo, €lat Map, £ lrer, groupBy ey,
_ union, Lagroup, Lvass Prod
take an ROD and producc a wew one s
- desentbe what to Ao, bat dent actually do it (’azy)
-Operatvr trec construcred in membry cnutfead
@Ac{'ro/\.s (w.m t,veduce, save, collect)
~ac‘[-mq[lj ‘J‘/Fﬂge/‘ execution
(eaqer)
=rang apem*l-or trec
ROp<T>: RpO collection ot + pe T
—partitioned, recoverable tujgughn lracage, nof wested
SEQc<eT> 15d(tc4cnca of +,7Vc T, local fo a sevverican be vested

machings ), uncha ngeable relatioa

ROD partitron, e maytes
m the lr‘Ma»ie.

and return a4 vesulf

“Users collectmon stores user dowuments, ete.

For sor}, -l 7s desceading | 3 ascending



