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External Sorting

® External sorting has two main components:

Fall 2014

+Computation involved in sorting records in buffers in main memory

+1/0 necessary to move records between mass store and main
memory
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General Merge Sort Algorithm

M = number of main memory page buffers
N = number of pages in file to be sorted
Typical algorithm has two phases:

¢ Partial sort phase: sort M pages at a time; create N/M sorted runs on
mass store, cost = 2N

Or, /'g/na/ file
5§ 3 2 6 1 10 15 7 EE 20 11 8 4 7 5
¢ -~ Partially sorted
. S file
2 3 5 6 El 1 7 1015: 4 8 20 11 5 7 !
- —
run
Example: M=2 N=/ 3
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General Merge Sort Algorithm

¢ Merge Phase: merge all runs into a single run using M-1 buffers for
Input and 1 output buffer

e Merge step: divide runs into groups of size M-1 and merge each
group into a run; cost = 2N

e each step reduces number of runs by a factor of M-1

a eS ........::::::'.'.:::‘.'.'.‘.'.'.'.'.'.'. ................... .
Run L | - loput p g
buffer L
-~ P 1l'|pu1
Run?2 buffer 2
. i ] \ Output R S S
buffer

—_— loput /
Run M-L o |, o0

buffec M-L
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General Merge Sort Algorithm

® Cost of merge phase:
o(N/M)/(M-1)k runs after k merge steps

o/ log ,,..(N/M) | merge steps needed to merge an initial set of N/M
sorted runs

ecost =] 2N Log y,,(N/M) | ~2N(log 4N -1)

® Total cost= cost of partial sort phase + cost of merge phase~ 2N log ,, ;N
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Merge Sort: Phase 1

® [teratively create large sorted groups and merge them
® Phase 1 Create N/(M —1) sorted groups of size (M — 1) blocks each

Fall 2014

B = 2 objects; M = 3 blocks; N = 8 blocks N/(M —1) = 4

1242 80(3280/52
1242 Main Memory
1224
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B=2; M=3N=8

Merge Sort: Phase 1

N/(M~1) =4

1242

80

32

80

52

\

/

12

24

Fall 2014
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End of Phase 1

B=2 M=3N=8 N/(M-1)=4

1242 80328052
One Scan
1224 02380258

N/(M-1) = 4 sorted groups of size (M-1) = 2 blocks each
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Second Phase: Merging Runs First Pass

® Merge (M-1) sorted groups into one sorted group
® [terate until all groups merged

N

1 02380258
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Second Phase: Merging Runs First Pass

12

24
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Second Phase: Merging Runs First Pass
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Second Phase: Merging Runs First Pass
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Second Phase: Merging Runs First Pass
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Second Phase: Merging Runs First Pass

12

24
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Second Phase: Merging Runs First Pass

12

24 02

38

02
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e

Fall 2014

Second Phase: Merging Runs End of First Pass

1224

02380258

1 22 4

00223588

16
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Second Phase: Merging Runs Second Pass

1

4

5

/

1223
1

1

Fall 2014
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‘Second Phase: Merging Runs End of Second Pass

11

22

34

59

11

2 2

45

18
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General Merging Step

(M —1) sorted groups
/\

1 scan

One Block
Merge

Sorted

19
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Sort-Merge: Second Example

® Assume that only three tuples fit in a

block and that main memory holds 4 t; |kangaroo |17
blocks. Suppose that we sort this £, | wallaby 21
relation using sort-merge (instead of t; |emu 1

doing it in main memory). Show the t, | wombat 13

runs created on each pass of the

- : t; | platypus 3
sort-merge algorithm, when applied 5 | Platypu

to sort the following tuples on the t | lion 8

first attribute: t, | warthog 4
t, | zebra 11

i.e. Block = 3 Objects (tuples) ty |meerkat |6

M = 4 blocks t,p| hyena 9

N = 4 blocks t,, | hornbill 2

t,,| baboon 12

20
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Sort-Merge Second Example: Initial Sorted Runs

t, | kangaroo |17 l11
¢, | wallaby 21
[; |emu 1
t, | wombat 13 I
- | platypus 3
t; |lion 8
t, | warthog 4 rs
ty | zebra 11
t, | meerkat 6
t,,| hyena 9
¢, [horbill |2 14
t,,| baboon 12

® Letr; be the jth run
computed on the ith pass

emu 1
kangaroo |17
wallaby 21
lion 8
platypus 3
wombat 13
meerkat 6
warthog 4
zebra 11
baboon 12
hornbill 2
hyena 9

21
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Sort-Merge Second Example: Merging

emu 1
kangaroo |17
wallaby 21
lion 8
platypus 3
wombat 13
meerkat 6
warthog 4
zebra 11
emu 1
kangaroo |17
lion 8

Fall 2014

First merge pass
Memory holds four blocks

Load three blocks of data and
reserve one as output buffer

Fill output buffer by selecting
next tuple from across all input
blocks

Next: write output buffer to disk

22
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Sort-Merge Second Example: Merging

5T, f; |emu 1 emu 1
{, | kangaroo |17 kangaroo |17
¢, | wallaby 21 lion 8
ri, & |lion 8

- | platypus 3
t, | wombat 13

r;;  t, | meerkat 6
¢, | warthog 4

ty | zebra 11
output meerkat 6
buffer platypus 3

wallaby 21

23




| e iv.
. @ CSD Univ. of Crete

Sort-Merge Second Example: Merging

11 f; |emu 1 emu 1
t, | kangaroo |17 kangaroo |17
¢, | wallaby 21 lion 8

ri, & |lion 8 meerkat 6
t- | platypus 3 platypus 3
t, | wombat 13 wallaby 21

r;;  t, | meerkat 6
¢, | warthog 4

l, | zebra 11
output warthog 4
bufter wombat 13

zebra 11

Fall 2014

24
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Sort-Merge Second Example: Merging

I21
® End of first merge pass
® Disk holds two runs:

o First is the result of merging
three runs

+Second is the remaining,
original 4™ run

e Next: second merge pass

Fall 2014

emu 1
kangaroo |17
lion 8
meerkat 6
platypus 3
wallaby 21
warthog 4
wombat 13
zebra 11
baboon 12
hornbill 2
hyena 9

25
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Sort-Merge Second Example: Merging

output
buffer

emu 1
kangaroo |17
lion 8
baboon 12
hornbill 2
hyena 9

emu 1
kangaroo |17
lion 8
meerkat 6
platypus 3
wallaby 21
warthog 4
wombat 13
zebra 11
baboon 12
hornbill 2
hyena 9

Fall 2014

26
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Sort-Merge Second Example: Merging

Iy [, |emu 1
t, |kangaroo |17
£, | lion 8
I, t; | baboon 12
- | hornbill 2
t, | hyena 9
output baboon 12
buffer emu 1

hornbill 2

Fall 2014
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Sort-Merge Second Example: Merging

emu 1
kangaroo |17
lion 8
baboon 12
hornbill 2
hyena 9
hyena 9
kangaroo |17
lion 8

Fall 2014

baboon 12
emu 1
hornbill 2

® First output buffer written to disk
® Finished processing loaded runs
® Discard first block of run r,,

® Load next block of run r,,

28
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Sort-Merge Second Example: Merging

meerkat 6
platypus 3
wallaby 21
baboon 12
hornbill 2
hyena 9

baboon 12
emu 1
hornbill 2
hyena 9
kangaroo |17
lion 8

Fall 2014
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Sort-Merge Second Example: Merging

baboon 12
emu 1
hornbill 2
hyena 9
kangaroo |17
lion 8

meerkat 6
platypus 3
wallaby 21
baboon 12
hornbill 2
hyena 9
meerkat 6
platypus 3
wallaby 21

Fall 2014
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Sort-Merge Second Example: Merging

r,;  t; |warthog 4 baboon 12
t, | wombat 13 emu 1
t, | zebra 11 hornbill 2
g e 1

t; | hornbill 2 :
lion 8
£y | hyena 9 meerkat 6
platypus 3
wallaby 21

output

buffer

Fall 2014
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Sort-Merge Second Example: Merging

r,;  t; |warthog 4 I'3; | baboon 12
t, | wombat 13 emu 1
t, | zebra 11 hornbill 2
hyena 9
I, t; | baboon 12 ky "
angaroo
t; |hombill |2 ang
lion 8
£y | hyena 9 meerkat 6
platypus 3
wallaby 21
warthog 4
wombat 13
output warthog : zebra 11
buffer wombat 13

zebra 11 ® End!

Fall 2014

32




%1 CSD Univ. of Crete

External Merge Sort: Third Example

Sort N=10000 records

Enough memory for 500 records

Block size is b=100 records, i.e. B=N/b=100 and M=5 (buffers)
t,s = time to internally sort 1 memory load

t,, = time to internally merge 1 block load

Fall 2014

33
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Fall 2014

Run Generation

® |Input 5 blocks

® Sort

® Qutput as a run

® Do 20 times

10,000
100 blocks
MEMORY
500
5 blocks
o M
o (g
o M
e (B/M)*(2M+ t,c)=200+20 t,q

34
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Run Merging

® Merge Pass
¢ Pairwise merge the 20 runs into 10
+In a merge pass all runs (except possibly one) are pairwise merged

® Perform 4 more merge passes, reducing the number of runs to 1

35
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Merge 20 Runs

Fall 2014

\/Z i WWWORH R12 RiB/RH R15vR16R17\R78R19 R2l
Y
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Merge R1 and R2

Fill 10 (Input 0) from R1 and 11 from R2
Merge from |10 and |1 to output buffer
Write whenever output buffer full

Read whenever input buffer empty

Fall 2014

37
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Time To Merge R1 and R2

® Each is M=5 blocks long

® |nput time = 2*M = 10

® Write/output time = 2*M = 10

® Merge time = 2*M*t,,,

® Total time = 20 + 2*M*t,, = 20 + 10t,,,

Fall 2014

38
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iIme For Pass 1 (R—YS)

® Time to merge one pair of runs =20+ 10t
® Time to merge all 10 pairs of runs = 200 + 100t,,,

Fall 2014
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Time To Merge S1 and S2

® Each is 2*M=10 blocks long

® |nput time = 2*(2*M) = 20

® Write/output time = 2*(2*M) = 20
® Merge time = 2*(2*M)*t,,

® Total time =40 + 20t

Fall 2014

40
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Time For Pass 2 (S—T)

® Time to merge one pair of runs =40 + 20t,,
® Time to merge all 5 pairs of runs = 200 + 100t,,,

Fall 2014
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Ime For One Merge Pass

® Time to input all blocks = B =100

® Time to output all blocks = B = 100

® Time to merge all blocks = B* t;,, = 100t,,
® Total time for a merge pass = 200 + 100t

Fall 2014
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Total Run-Merging Time

® (time for one merge pass) * (number of passes)
= (time for one merge pass)
+ [ logo number_of_initial_runs |
= (200 + 100t,,) * | log, 20 |
= (200 + 100t,,) * 5
® Neglecting t,,,, we get 200 * 5 = 1000 blocks I/O

43
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Total time for External Sort

® Run_generation_time + run_merging_time = (200+20t,5) + (200 +
100t,,) * 5 = 1200 + 20t + 500t,,,

® Neglecting ts, t,, we get 1200 blocks 1/0

Fall 2014
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Factors In Overall Run

® Run generation 200 + 20t,¢
<Internal sort time
<+ Input and output time
® Run merging (200 + 100t,,) *| log, 20 |
¢Internal merge time
< Input and output time
+Number of initial runs

Ime

Fall 2014

+Merge order (number of merge passes is determined by number of

runs and merge order)

45
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Improve Run Generation

® Overlap input,output, and internal sorting

MEMORY

Fall 2014
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Improve Run Generation

® Generate runs whose length (on average) exceeds memory size
® Equivalent to reducing number of runs generated

Fall 2014
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Improve Run Merging

® Overlap input,output, and internal merging

MEMORY

Fall 2014
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| Improve Run Merging

® Reduce number of merge passes
+Use higher-order merge
+Number of passes = | logy number_of_initial_runs |
where k is the merge order

49
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Merge 20 Runs Using 5-Way Merging

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10R11 R12 R13 R14 R15 R16 R17 R18 R19 R

VA4

\

T1

Number of passes = 2

50
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/O Time Per Merge Pass

® Number of input buffers needed is linear in merge order k

® Since memory size is fixed, block size decreases as k increases
® So, number of blocks increases

® So, number of seek and latency delays per pass increases

o1
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/O Time Per Merge Pass

I/0
time
per
pass

merge order k -

52
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otal I/0O Time To Merge Runs

e (I/O time for one merge pass) * |_Iogk number_of_initial_runs_|

Total
I/0
time to
merge
runs

merge order k

53




Fall 2014

f? i1 CSD Univ. of Crete
<.

Internal Merge Time

O

R1 R2 R3 R4 R5 R6

® Naive way k — 1 compares to determine next record to move to the output
buffer

® Time to merge n records is c(k — 1)n, where c is a constant
® Merge time per passis c(k —1)n

® Total merge time is c(k — 1)nlog,r = cn(k/log,k) log,r
54
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Merge Time Using A Tournament Tree

R1 R2 R3 R4 R5 R6

® Time to merge n records is dnlog,k, where d is a constant
® Merge time per pass is dnlog,k
® Total merge time is (dnlog,k) log,r = dnlog,r

55




TEAog EvoTnTag

i EMIXEIPHEIAKO MPOrPAMMA
x M EKMAIAEYZH KAI AIA BIOY MABHEH

* *
* YNOYPTEIO MAIAEIAL & BPHEKEYMATAN, NOAITIZMOY & ABAHTIZMOY

EvpwnaikiEBvwon EIAIKH YMHPEZIA AIAXEIPIZHE
Evpwnaiké Kowvwvié Tapgio

Me tn ouyxpnpatodétnon e EAadag kai tng Evpwraikic Evwong



XpnuatodoTnon

*To TTapOV eKTTAIOEUTIKO UAIKO £XEI avaTTTuXOEi oTa TTAQiOIa TOU EKTTAIOEUTIKOU
EPyou Tou 0I10A0KOVTA.

*To £pyo «AvolkTa Akadnuaika Madiupara oto Mavemmiotiio KpATNG» £XEI
XPNMUATOOOTNOEI HOVO TN AVAdIAUOPPWON TOU EKTTAIOEUTIKOU UAIKOU.

*To €pyo uAoTrolgiTal oTo TTAaiclo Tou ETixeipnoiakou Npoypduuatog
«EkTtTaideuon kai Aia Biou M&bnon» kai cuyxpnuaTtodoTeital atro TV
Eupwtraiki 'Evwon (EupwTtraikd Koivwviké Tapegio) kal atrd €Bvikoug TTOpOoUC.

EMIXEIPHXIAKO MPOIPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH .= Ez nA

enévdyuen sTny Uowvia Tne yvuone
y EE= < [ npdypopo v ow avimgn
YNOYPTEIO NMAIAEIAL KAl OPHEKEYMATAQN

Evpwmaikr ‘Evwon EIAIKH YNMHPEZIA AIAXEIPITHL

E 6 K 8 Tauei
PUNAIEOTONMIKO TAHE Me ™ cuyxpnhparodotnon ¢ EAAadag kat tng Evpwnaikig Evwong




2NUEIWMUATO



2NUEIWMUATO



2nNUEiwpa adglodoTnong

*To TTapdv UAIKOG diaTiBeTal pe Toug Opoucg TnS adelag xpriong Creative Commons
Avagopd, Mn Eptropikr) Xprion, OXI I'Iapaywyo ‘Epyo 4.0 [1] R peTayavaspn Aigbvnc
EK600n E&oupouvmu TQ GUTOTEZ)\r] Epya Tplva X PWTOYPAPIEC, 6|0(yp0(ppona K.A.TT.,
TA OTTOIA EUTTEPIEXOVTAI OE AUTO KAl T OTToia ava@EpovTal padi ue Toug OPOUC XProng
TOUG OTO «2Znueiwpa Xpriong Epywv Tpitwv».

©OS0)

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/

*()0¢ Mn Eptropikni opiletal n xprion:
—1ou d&v mep\aUBAVEL AUECO 1 EUUECO OLKOVOULKO OPEAOC QO TNV XPron Tou €pyou, yla To SLOVOUEN TOU
€pyou kot adelodoyo

—T1tou Hev epLAAUBAVEL OLKOVOLLLKY) cuvaAAayn wc poUnmoBeon yia tn xprnon r npocBacn oto €pyo

—mtou dev npooTopilel 0To SLavopEa Tou Epyou Kot adelod0X0 EUMECO OLKOVOLKO 0deAOG (m.x. Stadnuioeslg)
aro tnv npoBoAr Tou £pyou o€ SLASLKTUAKO TOTIO

*O JIKAIOUXOC UTTOPEI va TTAPEXEI OTOV ADEIODOXO EEXWPIOTH AdEIQ VA XPNOIMOTIOIEI TO
€PYO VIO EUTTOPIKN XPron, Epocov auto Tou {nTnoki.



2NUEIWNA Ava@popac

Copyright MNavemotiuio Kpntng, Anuntpng NAecouocdkng. «ZUCTAMATA
Alaxeipiong Baoewv Asdopévwy. PpovrioTpio 5: Tutorial on External
Sorting». ‘Ekdoon: 1.0. HpakA&glo/P€Bupvo 2015. AiaB£oiuo atrd 1n dIKTUAKT
d1euBuvon: http://www.csd.uoc.gr/~hy460/



