
sequence of n nums stored in N pages on disk

Ex n 24 N 12 each page stores 2
numbers

memory capacity is B pages BINI B 23

fITu split data set into separate
vans and then

sorts them
individually

phase 1 sort blocks ofdata
that fit in dram writethemback

in disa

Phase2 combine to a single file multiple passes might be
needed

run refer to a set of blocks where the rums are already

sorted.TNBT runs preliminary passdone

If B is bigger cando mergeB 1 runs and 1 memory
block as output buffer

mergeby moving
smallest number in the inputbuffers to the output

buffer

1 1 and 1.2 done finished a merge pass

Perform another merge pass
decrease ofruns by factorof B 1

If there are at least B 1 runs left
another mergepass in

launched repeated until number of runs is 1

pass 0

use Bbufferpases
total num of passes 1 Tosits TNBT

total I O cost 2N ofpasses
TNBT 8Thpatterns

a nom of pages B num of buffer Pases
Pass 1,2
merge B 1 runs

B 1 ways tomerge
Fatso osi.TL22t.uniofspasnpass1

T2247 6runs of 15 4 patent

Basis t.EE 5oriatfeypasers
no 1oo so i5



Algorithm Join join 2 tables menterseation simpler version ofj.in

M pages in table R m tuples in R

N pages in table s n tuples in s

Nested Loop Join

for each tuple rer
outer

foreach tuple s es inner

cost M MN

M pagesof R N pages of S

enit if vmatch s
m tuples n tuples

NL reads many duplicated
data

checks entire s block m times yuck

Tennisted_n
for each block BRE R cost Mt M N

foreachblock BSES M pagesofouter R

frefne.ttuitsBEBs N pagesof inners

emit it r match s smaller table for pases should

be outer

For B memory blocks

for eachB2 blocks e R
B 2 buffers forscanning R

cost Mt M B 25 Nforeachblock Bs S

forefne.ttupEsBEBs simple easy to implement

emit it r match s noneedof indexer

Tweed p 1ft.IE
eniinntan

foreach tuple se Index ri sbuilt indexfor innertables emit it vmatch15
cost Mt m c

M pagesof R

m tripasof m

C cost ofconstant

dy



sort merge join when R andS are already sorted

sortcost R 2M I fog TmBT mergecost MTN

sort ast 15 2N it fog InBtl If alreadysorted

F join.hn joi toniquaity
build hashtableHTRfor R build

phase Io cost
m pagesof

readsfor R

iii It.it pmeai EmeinrasnofmadstsaTshjin
a iñin's

partition
as of hashjoins

3 n

partition phase
2 MTN

probing
phase MTN

Tnsactonsxecutonofaseueneofonormr.to'pera aaDB

to perform some higher
level function

Basicunitofchange in
DBMS eitherall or none no part saveall changes

properties A Atomicity BEGIN begin COMMIT stophere or

ABORTROLLBAEIgnoreundone

DBMS concernedonly about readwritedata

DB A B C

in
a iñi
notintermediate results

C conststarted satisfy
constraints

t.itt I eachten
executes as if In ie ins

D If omnit results persistent regardless
of failures

DB can encounter



nall or nothing lookcorrect as if alone survivefailures

Break acid concurrent executions systemcrashed in the middle

concurrency control crash recovery

Lost update non repeatableread Dirtyread updateyeashows availablehead before
there'smore ITreads temporaryan update

dirtydata

Lock mechanism to control concurrent
access to

a data item

exclusive X mode readwrite shared s mode
read only

TSX granted if requestedlock
is compatible with locks on item

any of tsx can hold
shared locks on item

FIIII only one tsx can hold an lock

share before writingdiff avoids
lostupdate dirtyread butlooktrepatible

Two phase
Locking

Expanding need locks no locks released

shrinking release
locks no locks needed

cascade about tangling I phased
before commit may be

wowed by

it aborts Ueaborts

Rigorous ZPL holdthe lock untilthe end
of the transaction

convent means c.tt e vE i i iE iii
crash A D an error condition

Eaves air by
Storagemediafailure Ii Petter HardwareFaihen computercrashes

EE.net



Tsx write tobuffer write to disk

redd A A A_ write A output Al

WAZ before writingto disk writelog
to disk first

Log changes made stored in append only log file separated from
data file

Tallerthan actual data tuple logattributes

page log byte

START T
UNDO log hasold data 2 1 1

Fftam
former

value
COMMIT T

LABORTTY

REDO Log has newdata LTI X Inewvalue

UNDO only write LTXiu todisk before
alteringX

T commits COMMITT is written onlyafter all
dBchanges by

Sx havebeen written to disk

If 2COMMIT is not in log use
UNDO to rollback

mist flush all datachangedby
endoftsxn slow

REDOONLY 17 logrecords indicating
changes

21 COMMIT Logrecord

37 the changed data
item themselves

Needto keepall changed
data in memory before

the

SX is committed consume a lotof memoryspace

UNDOREDO Logrecord LT X Vi V2 flushall logs before commit

I'dhear
commit

redo tix with newdata

1 log records indicatingchange nocommit
undo tsx witholddata

2 commitlogrecord flush no needto flushalldata
byendoftsx

flushdatabefore after
commit

highperformance how
memoryconsumption



Flushdirtydata before tax commited
affect A

WAL enforces A

don'tflush all data before tsxn is committed
affect D

Checkpoint

Output or disk all logs in DRAM soln stall tstns

output todisk all modified blocks dirty
pages

IIIIcheckpoint failure YoT2and73

f A man is ii.tn a iii
61 resume tsux

processing

TEDB.gl ctignFyg.wsik1 tee distribune

scale up increase resources

scale out intreasnumberof resources

DBMSs specify shared resources
w CPU

Shared Nothing Each DB has own CPUmem dila

nodes communicate via network

Easy to scale increase capacity

Shared disk EggeDBa.bg own CPU
mem

Messages between
CPU's tolearn aboutcurrentstate

sharedMemory EachDBhas own CPU sharedmemory hard
ShareMem disk requires hardware

softwaresupport

parallelcomputing

sharding data partitioning



hash partitioning
choose partitioning

attributes

hashfunction h
w range 0 n t

range partitioning

choose attribute
partition vector

voi Unz
plartitionvalueoftuple nodes ntt

Viz Vitt mode ith Ex vector till
n mum ofvectors

LV rude o
at 21 225 go to 0

at 8 8 9 go to 2
Uzun2 noden t at 120 20211 node2

15
node t b 15

rode 2 it 401 41 42

1 node3540,751

more 4 75 01

Hash part point queries on part
attri

can wonup singlenodes
others foranswerqueries

rangequeries
must be processed at all modes

Rangepa goodfor sequential scan

point queries onlyone
modeaccessed

rangequeries
remaining nodes are

available forother queier

Distributedoveryprocessing



db colleition of interrelated items

dbms software manager stores queries
analyzedbs

SQL simple query language

specify what but not how

db how to answer query in
most efficient way

VirginL
Java Ctt procedurelanguage clearly

specifysteps

db stors tables go.mii.ae fifntlwedvahn
to each

tables set ofattributes
columns

attribute has type
null value ofanytype

data is stored as collectionoftuples rows

louder does not matter

attribute must be atomic single
values

schema of table set ofattris andtypes
instance actual contents in the table at a given time

key uniquevalue in each tuple row or set of attris
whose combined values are unique

Candidate key min
subset ofattris that uniquely identify a

tuple in

the table
DBMS automatically

primarykey chosen my

supermy superset of
candidatekey generates uniqueways

Foreignkey set ofattris in relationA
used to referto a tuplein B

Dataintegrity constraints on
dbs to preventerrors

entity primary key
cannotbe will



referential user maxgpa is 4.0 name can'tbe will

Data definition language DDL

Data ManipulationLanguage DML

CREATE DATABASE name

USE name

CREATETABLE DROP TABLE ALTERTABLE
adddelete column constraint

constraints
common

CREATETABLE name
NOTNULL UNIQUE

column1 datatype constraint PRIMARY KEY Foreignkey

table constraint also
can add new co

sidme EthicS If ALTERTABLEstudentADD
address CHAR 100

PFEMAEYYEyis.at DROP remove

ALTERCOLUMN

EEI.ieEi EnEtable of DB data
if empty mall

a table

INSERT INTO Student VALUES
5101

QUERIES
SELECT A1 An attributes SELECT Sid sname

From student

IEEE itmprgga.ie hrEr ietta
EXPRESSION 2 output table

WHERE cid 5290 OR AND NOT DISTINCT Remove
duplicates



LIMIT n show first n results

WHERE cid LIKE CSI i e match stringof any length
NOTLIKE match a single charIS NULL
NOTNULL

ORDER BY attributesDESC ASC

coll ASC 012 DESC

Find total SELECT COUNT A COUNT DISTINCTSid

FROM STUDENT AVGgrade MAXC MINI SUMCI

Groupby groups rows that have the same
values into summary rows

ofstudents enrolledforeach course CS 240 40

SELECT student count student
CS 242 20

i
FROM tableQ
GROUB By course

same but nowonlyshow courses with at least 3
students

FAVINGCOUNT student 3 HAVING For groupby
WHERE for table

AGG fans can't beused in
WHERE clause

GEDER
BY AUGgrade Asc



For multiple tables

SELECT attributes of multiple tables

FROM table tables
WHERE table id table2 id AND table2 course MA453

AND table2 grade 3.5

NESTED

INNER QUERY CHILD

OUTER QUERY ParentQUERY

SELECT sid sname dept students in the same dept as
FROM student Susan

WHERE dept IN also

I SELECTdept FROMstudent WHERE'sname Susan

single values s 2 multiple
ANY biggerthansome

value

ALL biggerthanall
value

WHERE ALL

Query

SET operations
INSERT
INTO table colly

Q Overy
UNION UNIONALL Intersect Except insertthis

INSERTQ2 Iepduplicates

row update g.inimtases
UPDATE Student UPDATESTUDENT

SET dept CS SETage age 1
Group bydept

WHERESid 5102



DELETE delRows

FROM Table

WHERE conditions
blocks

data file stored ondisk on pages 10 cost ofreads writefortask

usually page size is 4KB to time time to perform I o

110 readpage disn memory theL
vedseetiy

writepage

random I o read a page at
random sequential Ito reafflagame

It
read

Ith traversal faster readonly scantable

Insml n anystorage
model

DBMS stores table as file on disk
row stone store rows

Ibyl

Tollectionofpages Heapfile records can be

stored
anywherewithfree

columnstore storetable colbycol
keeptrack of freespace

w

Decomposition storagemodel DSMI anked list freespacemap

cotstore for wide table 110s to 1005 arty w entrypage

cot store OLAP analytical processing

Dowstore OLTP transactional processing
database workloads

OLTP
simple queries readupdate

smallamount of data entity

mostlyupdatewrite

book flight ticket Buffer Management

OLAP
complex queries

mm and Ethan Elena
analyze what customersregionbought pages are stored



index speedy retrieval ofdatafrom an underlying table

Bt tree index Hash index Hashtable

pointQ range Q can'trangeQ array of size m entries

poin a efficient HIM R M

Hashtable in DB collision space o n

Buckets ondisapages
HIM R Qcost Aug01

Directory in memory Aug querycost offline
mn

Btree
search inset del membasedindex

O login best data in memory

sub optimal datastored in disa
Insertdelete

Bt tree disk optimized tree w O log 1 0

Bis page formout XX2X3T
node diin block

page

leaf node has TB27 to B elements
where B is atleast 3 2 or 3

each internal node hasTB27 to B child
nodes

leaf store data internal only for routing

nodevalues ascendingorder leftsubtree values rightsubtrees

cost of range Q

point Q 110 Colt O logBN m tuples for ranguequery

totalmm ofelts R oftuplesperpase

127 clusteredindexoverflows aimisperted
m unclustered



it split into halves v1 V2
insert value to parent of u
if overflows split parent
add to parent


