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Checkpoint

m Exouue HIANOEI VIO
ExTiinON HEYEBOUC TOU ATTOTEAECUATOC EVOC
TEAEOTN HEOW ATTAWYV OTATIOTIKWYV KAl
IOTOYPOUUATWY

m AC yTTouuE Twpa ota abid!
YTTOAOYIOUOGC KOOTOUC EKTEAEONC OIAPOPWYV
PUOIKWYV TEAEOTWYV
AC apxiooupe Ye TNV TACIvOpnon (Sort)




" A
[Tolo €ival To KOOTOC TNC
Tacivopnong piac oxeonc R

m?



ATTAOTTOINON TTOU £XOUME KAVEI

m Kootog = #1/0 = apiOpog oeAidwyv TTOU
olafalw n ypaew oto OIoKO

...ETTIONG, OE TTPOCHETPW TO KOOTOG TOU VA DWOoW TO
ATTOTEAECHA OTO XPNOTN



" B
EUkoAn Trepitrtwon: O1 eyypagec
ywpave otn uyvnun tou 2ABA

m OEpe OAeC TIC eyypaPEC TNC R oTn uvun

m Tagivounoe 1e¢ (TTwg?)

m Cost =B(R) !l
KooTtog avayvwong (I/0) amrd 1o dioko oTn
HVAUN
KooToC YPOAMMIKO Kal BEATIOTO




" A
T1yiveTal av n oxeon €ival JEyaAUTeEPN ATTO
TN d1aBcoiun uvnun M;
m Eotw M n diaBeoiun pvAun o€ oeAidEC
m Oa oxedlaooupue Evav aAyoplBuo
TaCIVOUNONG 2 TTEpAcUATWYV (two-pass)

ETrekTeIVETAI EUKOAQ O€ TTEPIOCOTEPA
TEPACUATA



"
Two-Phase Sort algorithm

m Phase 1:
AlgBoaoe TuNUaTIKA TN oxeéon R otn pvAun o€
KOMMaTIO peyEBouc M oeAidwyv 1O KABE €va
Tacivounoe KABe KOPJUATI OTN PUVAUN, YPAWE TO OTO
OioKo w¢ AioTa (sublist) TagivounuEvwy eyypapuwyv

m Phase 2:
AvoIce OAEG TIC AiOTEC KaIl KAVE ouyXwveuon (merge)
TTAPAYOVTAC £TOI TO TEAIKO TAEIVOUNUEVO ATTOTEAEOUA



Two-phase Sort (Phase 1)

TIMA YVWPIOHATOG OTO OTTOIO TASIVOUOUME TIG EYYPAPES

Block1 776 Read first M=2 blocks Sort them! Flush to disk
Block 2 39 \ into memory as sorted sublist-1
Block 3 13
76 | 32 23 | 67 23 | 67
Block 4 40
R (disk) memory memory disk

T(R)=8 records
B(R)=4 blocks (2 records/block)
AwaBgoun pvnun yua tatvounon (sort buffer): M=2 blocks



" S
Still Phase 1, read next 2 blocks

Block 1 76 Read next 2 blocks Sort them! Flush to disk
Block2 | 32 into memory as sorted sublist-2
Block 3

13 = | 13 | 40 01 | 34 23 | 67
Block 4 40

: 01 | 34
R (disk) memory memory
disk

[Méoa I/0Os €xw Kavel ue 10 TEAOG QUTNG TNG PACNG?



" S
Two-phase Sort: Phase 2 (merge)

Output Sorted sublists

23 | 67

01 | 34

Memory Disk

(two available buffers)



"

Two-phase Sort: Phase 2 (merge)

Output

Read 1st block of

each sublist

23

Sorted sublists

01

o
~

pd
~

67

Memory

34

Disk



" S
Two-phase Sort: Phase 2 (merge)

Output minimum

Output Sorted sublists
0 23 67
41 34

Memory Disk



" S
Two-phase Sort: Phase 2 (merge)

Output minimum

Output Sorted sublists
0 23 67
1
7 34

Memory Disk



" S
Two-phase Sort: Phase 2 (merge)

Fetch next block

Output of sublist-2 Sorted sublists
0 23 67
1
34 < 34

Memory Disk



" S
Two-phase Sort: Phase 2 (merge)

Output minimum

Output Sorted sublists
0 Z3 67
1
34
2

Memory Disk



" S
Two-phase Sort: Phase 2 (merge)

Output minimum

Output Sorted sublists
0 A 67
1
34
2
3 Memory Disk



" S
Two-phase Sort: Phase 2 (merge)

Fetch next block

Output of sublist-1 Sorted sublists
0 67 K 67
1
34
2
3 Memory Disk



" S
Two-phase Sort: Phase 2 (merge)

Output minimum

Output Sorted sublists
0 67
1
£
2
3 Memory Disk
3



" S
Two-phase Sort: Phase 2 (merge)

Output minimum

Output Sorted sublists
0 67
V4
Memory Disk

A W O w N



" S
Two-phase Sort: Phase 2 (merge)

Output minimum
Output Sorted sublists

0 BT

Memory Disk

O A W W DN



" S
Two-phase Sort: Phase 2 (merge)

Output minimum
Output Sorted sublists

0 /

Memory Disk

N OO B~ W oW DN



" J
daon ocuyxwveuonc (merge)

B Ac UTTOBEOOUNE OTI HE TO TEAOC TNC TTPWTNG PACNG EXW
ONMIOUPYNOEI K TagIVOUNUEVEC AioTeC (Sorted sublists)
Quunoou: oT1o dioKOo Ta dEOOUEVA TA YPAPW O€ TENIDEC
m AlaBalw otn yvAun TNV TPWTN oeAida aTtro KAabe Aiota
Xpeialoual kK o€Aidec (input buffers) otn pvAun KaBe popd
2UYKPIVW TNV TTpWTN €yypa@rn atrd k&Be aeAida (gival n

MIKPOTEPN TIMN YI' AUuTO TO Sublist) e AUTEC TWV UTTOAOITTWY
oeAidwyv

m TpaBdw TNV YIKPOTEPN KAl HETAKIVW TOV OEIKTN OTNV ETTOMEVN
gyypagr autou Tou sublist

m OT1av yia katrolo sublist €xw €CeTA0EI OAEC TIC EYYPOAPES TOU ATTO TN
oeAida TTOU €XW OTN PVAUN, TNV TTETAW Kal diaBalw Tnv €TTOUEVN
oeAida y1 autd aTrd 10 dioKO




"

Two-phase Sort: Phase 1
[Mapadeiyua B(R) = 1000 ogAideg kar M = 100 oeAideg

1 1 06
2 2 97
3 3 lllll 98
4 99
5 100
' Memory
(100 buffers)
999
1000 This is relation page #5

R (stored on disk)



" S
Two-phase Sort: Phase 1

Sublists
(on disk)

Read 1..100

1 06 write sublist 1 | sasss 100

2 97

3 | mmm 08
99

100

|~ W[IN]|PF

Memory
(100 buffers)

999 i.  AiIGBaoe TIc TTpwTeC 100 oENIDEC

1000 ii.  Tagivounoe otn hvAun
lii. [pdye To atmotéAeoua oTo dioko (TTPwTO sublist)




"

Two-phase Sort: Phase 1

Sublists
(on disk)
1 Read 101,200+ 96 1 ==eex | 100
2 2 97 write sublist 101 N 200
3 3 EEEEI 98
4 4 99
5 5 100
Memory
(100 buffers)
999 . Aiapaoe 1ig emopeveg 100 oeAideg [101..200]
1000 ii.  Tagivounoe otn hvAun

lii. [pdye 1o ammotéAeoua oTo dioko (deuTEPO Sublist)



"

Two-phase Sort: Phase 1

Sublists
(on disk)
1 Read 201,300+ 96 1 ==eex | 100
2 2 il 101 | sssss | 200
3 3 EEEEI 98
4 4 09 write sublist 201 EEmEnm 300
5 5 100
Memory
(100 buffers)
999 . Aiapaoe 1ig emopeveg 100 oeAideg [201..300]
1000 ii.  Tagivounoe otn hvAun

lii. [pdye 1o ammotéAeoua oTo dioko (deuTEPO Sublist)



" S
Two-phase Sort: End of Phase 1

1 96 1 | sanes 100
2 2 7 101 | sneas 200
3 3 lllll 98
4 99 201 | ==eu- 300
5 5 100
: Memory Sorted Sublists
(100 buffers) (On dISk)
999
1000 801 | wnuus 900
001 | "=""" 1000

R (on disk)




" S
Two-phase Sort: Phase 2

100 | wauns 1
200 | wueus 101 L2 >
| 3 3
300 ..... 201 e \\ getNeXtO
4 |~ 4
5 merge ‘ 5
Sorted Sublists 5 / .
(on disk) y
8 -
900 | wauwus 801 - 9 999
10 1000
1000 | =m=m== 901 /
Memory Output

(one buffer per sublist) (Sorted R)



KooTog (o€ 1/0) aAyopiBuou Two-Phase Sort

m KaBe eyypaon tn diaBalw 1 gopd otn paon-1
(sort) kal 1 gopda oTn paon-2 (merge)
m KaBe eyypapn t1n ypaepw o€ £va sorted sublist
m O OyKoC TwWV eyypapwyv oe oeAideg ival B(R)
Kavw B(R) reads + B(R) writes + B(R) reads

\ J
| |

¢paon-1 paon-2

-2 Koéotog= 3xB(R)




ATTQITACEIC O€ VAN

m [lpgémmrer M = \/B(R)
m ATTOdEIEN:
KaBe sublist €xel péyeboc M (o€ apiOuo oeAidwv)
2N @daon 2 xpeialopar eva buffer yia kaBe sublist (deg
TTAPAdEIYUQ).
m Apa Ta sublists gival To TTOAU M
To péyioTo PuEyeBOC OEDOUEVWY TTPOC TALIVOUNON Eival
M sublists peyeBouc M oeAidec To KaBEva dnAadm)
B(R)S M2 = M > ./B(R)



"
Ti1 onuaivel autd oTnv TTPALN;

m EoTw pEyeBocg oeAidac 8KB
4 GBytes _ 4%1024x1024*1024

m Eotw pyvAun 4GB, dnAadn = —

8 KBytes 8+x1024

524288 oeAidec Twv 8KB

m Mtropw va Tacivounow o€ 2 pAoEIC OXEOEIC NEYEBOUG <
5242882 * 8KB = 2048TB

m EoTw pEyeBocg eyypaprc 128 bytes

m MeyioTo pyEyebog tivaka yia tagivounon:
2048 1YIeS—17,592,186,044,416 £yYpAPEC

128 Bytes




" B
[Tapadeiyua

m H peyaAutepn oxéon otn faon pou gival B(R) = 2GB = 262144
oeAidec Twv 8 KB

m  Av o sort buffer gival Touhaxiotov 2GB n tagivounon yiveral o€ Eva
TTéEPAoMa e KOoToG B(R)

B Av dev £Xxw TOON PVAMN, apkei va BEow yia 1o sort buffer M =
JB(R) = 512 oeAidec A 4MB!!

m Eite dwow 4MB pvAunc cite 1.99GB 10 K6OTOG TNG
Tagivounong o€ 1/O Ba cival 3*"B(R)

Quaoika av 1o 2ABA ekTeAei TTAPAAANAQ TTOAANEG ETTEPWTATEIC OI OTTOIEG
XPNOIMOTTOIoUV TACIVOUNOT, HEYaAWVOUV avaAoya Kal Ol CUVOAIKEC
ATTAITACEIC O€ JVAMN

H ouyxwveuon oT1o 0eUTEPO Briua gival oTn TTPAEN TTOI0 YPriyopn av ol
AioTeg gival Aiyotepeg (yiati?) TrapoT 1a I/Os ivai Ta idia



AC OKEPTOUUE

KooTog tagivounaong (1/0)

M M? MéyeBog 2xéonc B(R)



" A
E@apuoyEc Tacivounong

m ATTaAoIpn OITTAOTUTTWV
SELECT DISTINCT ...

m 2uvaBpolion
m 20deucn



" S
ATTaAoipn OITTAOTUTTWV

(duplicate elimination)
m EoTw N oxéon
Buys(Prodld,Custld,Date,Amt)

m OEAW va Bpw TA TTPOIOVTA JE TOUAAXIOTOV
uia TTwAnon:

Select Distinct Prodld from Buys



" S
Mia Auon

m AIQPBaoe TIC EyYPAPEC TIC OXEONGC KPATWVTAC
uovo 1o Prodld
Tagivounoe TIC eyypageC UE BACN TO YVWPICUO
Prodid
KaTta tn dnuioupyia Twv sublists kal otn @aon
TNC CUYXWVEUONGC ATTAAEIPOUNE DITTAOEYYPAPEC
m TeAIKQ N atraAoipn OITTAOEYYPAPWV
QvAyETaAl o€ TTPORANUA TAgIVOUNONG



"
Select Distinct Prodld from Buys

Buys | prodld | custld | date | amt
pl cl 1 12
p2 cl 1 11
p2 c3 1 50
pl c2 1 8
p3 cl 2 44
p2 c2 2 4 Skip values seen previously

pl p2 /
3 p pf 2 pl p1 »
pl p2 > 52

read +sort | p2 p3 merge & p3
(prodid only) remove

sublists duplicates




" A
Auon via 1o distinct xwpic
Tacivounon

m?



"
Hash Table for key=prodid
(assuming HT fits In main memory)

buckets
- () | 32 148 | 1 (aul)
1
prold 2 10| | (null)
| g(prodld) >~
3 >
27| 4-|75] 4 (qull
4
key) = key % 8 5 .
gkey) = key %o 21 s o
« Trytoinsert key (prodid) 6
o If key already exists in the
, d hi >
. Whenl_cli-gnec,) rnec'zhrr? ﬁst of keys in / 2> I (nuﬂ>

the HT



"
E@appoyn 2: YroAoyiopog ocuvadpoiong

m EOTW O TTAPOKATW TTIVOKAC TTWANCEWV

&AW va UTTOAOYIOW TIC OUVOAIKEC TTWANCEIC
ava TTPOoIoV

sale | prodld | custld | date | amt

0l cl 1 Q@\
02 cl 11 N

1
h1 c3 1 |(gpriy, PLUO
02 c2 1 8
h1 cl 2 ‘

2

ol c2

42



SQL?

select prodld,SUM(amt)
from sale
group by prodid



" J
Mia attAn Auon Pe xpnon 2-
Phase-Sort

m Tacivouw pe Tov 2-Phase-Sort : 3B(R)
m [ pa@Pw 1O atToTEAECUA OTO OioKO : +B(R)

m To dlaBdow Kal Kavw Tn ouvadpolon
aBpoilovtac TTWANCEIC UE idIa TIMA OTO
prodld: +B(R)

EUKOAO yIaTi 01 eyypaPEC €ival TACIVOUNUEVES

m KéoTtoc = 3B(R)+B(R)+B(R) = 5B(R)



"
BAua 1: Tacivounoe pe faon 1o prodid,
VPAWE TO ATTOTEAEOUO OTO OIOKO

sale | prodld | custld | date | amt
o1 =i 7 B 2 Phase-Sort(prodid)
2| el L | Soripuers - Subles b —
P C M buffers
p2 | 2 | 1 |8 T =2 e -
pl cl 2 44
pl c2 2 4
tempDB /
sortedSale| prodld | custld | date | amt
pl cl 1 12
pl cl 2 44
pl c2 2 4
pl c3 1 50
p2 cl 1 11
p2 c2 1 8

45



" A
BAua 2:2uvabpoloe eyypaQec
JUE TNV id1a TIYN oTo prodid

AlGaoe TagIVOUNUEVEC EYYPAPEC ATTO OIOKO

sortedSale| prodld | custld date amt

—

pl cl 1 12

pl cl 2 44 ~ MwAnoeig yia prodlid=p1
pl c2 2 4

pl c3 1 50

p2 cl 1 11

p2 c2 1 8

Result

Aggregate (memory)
ans \ prodld ] sum

| > | pl }110

p2 19

46



" A
[Tapatnpnon

m H ouvdBpoion SUM(amt) ptTopEi va Vivel
KOTA TN OnuIoupyia Twv sublists ka1 oTn
(pAON TNGC OUYXWVEUONC TOU aAyopiOuou
two-phase sort

Ag xpeiadetal va ypayw oT1o OIOKO TO TACIVOUNMEVO
QATTOTEAECUA KAl VA TO OIGBACW UETA VIO VA KAVW TN
ouvaBpoion. Auth vivetal padi JE TNV TACIvOunon
m KOoToC BeATiwpEVNG uhoTtTroinoncg: 3B(R)
avTi yia SB(R)



Calculating the SUM() while sorting

Output of 2-phase sort algorithm

(one row at a time) Maintain partial sum

- output
prodld |storeld | date | amt SUM
pl sl 1 12 12
pl sl 2 44 56
pl S2 2 4 | 60
pl s3 1 50 110
p2 sl 1 11 11 ) pl1,110
' p2 s2 1 8 19
EOT (End-Of-Table) = Pp2.19

- Each time we see a new prodld value we report the previous product id
with the current value of SUM and then initialize SUM to the new amt

- Report last combination at EOT

48



"
/O Optimized Group By Computation
(for M < B(R) < M?)

Sort Buffers Sublists Buffers Aggregation
(memory) (disk) (memory) (memory)

ans \ prodld ! sum

M buffers @Merge oo e pl | 110
p2 19

Write B(R)
Read B(R) Read B(R)

\ }
|

Cost = 3*B(R)




" S
Additional optimizations?

amt
12
44
4
50
11
8

sale

Result
ans \ prodld ] sum

| > pl | 110
Bk

select prodld,SUM(amt)

from sale

group by prodid

50



'_
Av M=B(R)?

Sort Buffers Aggregation
memer) memor) ans | prodld | sum
==>| M buffers || SUM | == pl 110
p2 19
Read B(R)
l—'—l

Cost = B(R)



Apa

m EpwTtnoeic ye group by pytropei va
UTTOAOYIOBO0UV NECW TAEIVOUNONG



EpwTtnon: I'a 1moie¢ cuvapTnoEIC
OOUAEUEl N PeEATIWPEVN Auon?

m Y1roBcoape Tnv SUM()

m AOUAeUEl yIa ThV
AVERAGE()?

= a1 MEDIAN()?

sale | prodld |custld | date | amt
0l cl 1 | 12
01 cl 2 | 44
0l C2 2 4
i c3 1 50
02 cl 1 | 1
N2 c2 1 8

53



"
2.Uleucn HEOW TOCIVOUNONG
R1(A,B,C)><1R2(C,D)

2xéon R1 R 1 . C R2 . C 2xeon R2
10 S
20 20
20 20
30 30
40 30
50
52

20Ceuln «eUKOAN» av o1 oXEOEIG Eival

TASIVOUNMEVEG OTO KOIVO YVWPICHO




AAyopIOuoc¢ Sort-Merge Join (SMJ)

Algorithm SMJ(R1,R2)

[[Bnua 1: Sort

[/Bnua 2: MergeJoin

(1) if R1 and R2 not sorted, sort them

(2) 1« 1;]« 1,

While (1< T(R1)) A (j<£T(R2)) do

If R1{1}.C = R2{] }.C then OutputTuples
else if R1{i}.C > R2{j}.Cthenj« |+1
else if R1{1}.C <R2{j}.Ctheni« i+1



" JJE
Procedure Output-Tuples
While (R1{i}.C = R2{j}.C) A (i < T(R1)) do
) < J;
while (R1{i}.C = R2{jj }.C) A (jj < T(R2)) do
[output pair R1{ 1}, R2{ ] };
<)+l ]
| < i+1 ]



[Tapaodeiyua

i R1{i}.C R2{j}.C

1 10 5

2 20 20

3 20 20

4 30 30

5 40 30
50

52

~N O O B WO DN B



"
Sort-Merge Join

3
o N W N
R1 — < 7////////////4} Sorted R1 (no count
1 7 \L[ Apply our
e s read + merge ¥ 5 merge join
I Igorith
e = W?Sorted RZ/ T
77777%

sorted sublists



AvaAuon
m Cost=5x (B(R1) + B(R2))
m ATTQITACEIC O€ uvNunN :
M > /max(B(R1),B(R2)) TIATI?
} Sorted R1

R1 o D%

\ . \LL Apply our

_______________________________________________ merge jOin

R2 | — W>Sorted - 1 algorithm
77777

sorted sublists




" J
MTTOpPEI VA YiVEl TTOI0 ATTOOOTIKOC O

Sort-Merge Join?

R1 — <

Apply our
merge join
algorithm

\

R2 | —_ |\
D777

sorted sublist

Xpelaleral va OnUIOUPYNOOUUE TIG
Tagivounuéveg R1, R2 oto OioK0?



" A
[1oi0 a1TOd0TIKN £€KOOON TOU

aAyopiBuou Sort-Merge Join

-

%7777

R1

R2

mml—

\

D0

r Pull min j

—Pull min _l

Merge-join

sorted sublists




" S
AvaAuon Tn¢ veag ekdoaonc Tou SMJ

m Mikpotepo kKOoToC: 3 X (B(R1) + B(R2))
[AvTi yia 5 x (B(R1) + B(R2))]
m \iyo JEYAAUTEPEC ATTAITNOEIC OE PUVNMN:
M= .,/B(R1) + B(R2)
[AvTi yia M > \/max(B(R1), B(R2))




" I
ATTOOO0TIKN €KOOON TOU aAyopiBuou
Sort-Merge Join (M=10)?

«— 10 —

-

s ——— |
R (30 0eAideq)| — W7 -3
N 7////////////A 3 ﬂ
( ) . Merge-Join
%% " |2 ﬁ
S (50 oeNideC) | — < E :
VUV {s
sorted sublists ®1dvel n Siabéciun pviaun

(B€Aw 3+5=8 input buffers)



" S
ATTOOO0TIKN €KOOON TOU aAyopiBuou
Sort-Merge Join (M=8)?

8

-

s ——— |

R (30 OeNideC)|— ¢ 1222 E
Y2 ~ 4 Merge-Join

V77 ;

% " |2

S (50 oeNideC) | — < E _

VA " 7

\

sorted sublists Ae @Tdvel N pvAun

(0EAwW 4+7=11 input buffers)



