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Abstract Mergesort is one of the most widely—known external sorting algorithms, which is used
when input data is larger than the amount of available memory. There were several attempts to
improve mergesort by reducing I/O time, with an assumption that sorting takes place on HDDs.
FlashSSDs are emerging as next generation storage devices and becoming alternatives to HDDs.
FlashSSDs outperform HDDs in access latency, because they have no mechanical heads to move. In
addition, flashSSDs benefit from its internal structure by exploiting internal parallelism, resulting in
high I/O bandwidth. In this paper, we propose an external mergesort algorithm for flashSSDs called
Flash mergesort. Flash mergesort computes the block consumption sequence in the run generation
phase, which is the order of blocks that are needed in the merge phase. With this sequence, multiple
blocks from multiple runs are read simultaneously into main memory in the merge phase, to reduce
I/O time dramatically.

Keywords: external sorting, mergesort, flash memory, SSD
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Algorithm 1: Run Formation Phase of Flash mergesort

1 while there are more blocks to read do

2 Read data into the input buffer

3 for each tuple in the input buffer do

4: Store tuple’skey, position pair in an array

5: Sort the array by the keys

6: for each pair in the array do

7 Copy a tuple from a position to the output buffer

8 if the current output buffer block is full

9 Store the tuple’skeyand run number into
the block consumption sequence

10: if all output bufferblocks are full
11: Flush output buffer to a disk
12: else Set next block of cutrent output buffer

block be a current output buffer block
13:  Sortthe block consumption sequence
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Algorithm 2: Merge Phase of Flash mergesort

1:  Readthe first block of each run into the input buffer

and mark them sort block
2:  while the number of sort block # 0 do
3: if there is no assist block in the input buffer
4: PSync_Read next blocks into the empty block
by referencing block consumption sequence
5: Retreive a minimum tuple among the sort blocks

and Copy it into the output buffer

6: if all output buffer blocks are full

7: Flush output buffer to a disk

8: if a sort block having a minimum tuple is exhausted
9: the sort block becomes empty block

10: if assist block exists in the input buffer

11: first assist block becomes sort block

12: else

13: The number of sort blocks--
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Table 1 Data files used in experiment

. minimum input buffer size
Data size | # of tuples .
for single-pass merge
Data A 220MB 1,500,000 168 blocks(=1.3MB)
Data B 1.1GB 7,500,000 384 blocks(=3MB)
Data C 2.2GB 15,000,000 538 blocks(=4.2MB)

Ao A /09 @9(E= =Z7))= 44 DBMSS ¥
o] X](page) 71?0 8KBE At th AA| g€
71+ & 13 2o] 3 dAr @Y 92(Single—pass)
2 9452 F e i ZVAARE FAE S7HHTE
?Jﬁ‘ﬂ © 72 ¢3EFY F AN BT AMEEHI

Foll 2717 WakA @orE ¥ AT Pl AMEH
€ WEHFS A Ttk dEwFe} g Y
He] 271 IMBE A3tk SEHHYE IMB ol
W AE Aol AL FFS VXA Fskr] wWitoltk

Eg A3 BE /O A3 O(direct I/O) REZ
Faieo] tolE H ZE0] 0S /MAE AXA &1 &
PAISSDe} A "HolHE Fa wekow, wu} FIst
A7 2AE 918 57] I/O(Synchronous [/O)E AF&-3}
o /09 CPUAIZNS FAAA &sirh. waba] x5k
(prefetching) |y ©]F WHAY 7|HE HE&E A Aot}

npA e 2 B Ao AR ZHYASSDE whola
2 A} P300[10]® Fusion-io AF] ioDrive[11]E& A
o

B AN EH
A EEAR BE 2R EME AR

Eans Fole QH 3
vt 22 ot y] e | Y @AY &
S =R 2 39 aPZE P300NN F
gFe] 9 Y DAl LQaEE ARt %é%
A ER BeES A | Y e

SR BEEE AP o] APA Xﬂ]ﬂo}%lﬁ‘r‘
AgHor YA dHAFBE d AP AN &

fo g

(r

>

e e



66

Elapsed time(Sec)

2
"
“w

R A =T A

@ Single-block mergesort
SFlash mergesort

Elapsed time(Sec)
5
o

23 33 43 53 63 73 83 93 103
Size of the input buffer(MB)

=

dlo]Epulo] 2 A 41 #

@ Single-block mergesort
SFlash mergesort

6 7 8 9 10 11
Size of the input buffer(MB)

EE ¢

250

Elapsed time(Sec)

Al 1 5.(2014.2)

@ Single-block mergesort
SFlash mergesort

52 62 72 82 92 102112122132
Size of the input buffer(MB)

(a) Data A (b) Data B (c) Data C
a9 3 P300A ARt | A @A
Fig. 3 Elapsed time of run formation phase on P300
5 AR #£X4E AXE] i © B2 Aol 22 merge phase)S FASATE A EHEY 4
Aoz dagt Te 2% &% &S At Bwl o] AZke Zole dl 3lv] Wl
A 9] /O glo] CPU AlAtgte] 71 A A A4 a8 45 F Y ZAISSDAA e A Aol
Akl ol wiElg AYTE AT, W AM B T 2 Data A9 TEIHPAN TG 9] 24
A ATt AA dYHT Y A7 IA FHERL (read operation)oll thdt FHo|tt TAEE FEAHHE
o] dAFstATh weta EHeA] EAHC] Zte QH3F| S AA J=EWI Y =)o} FHgle] dAT YA
=t oA 44 wle A%l Ad 98 FA Stn £ RaFY BURS PAPUS @ Wel @ 2ED
I 2g 5 vk < 93 HA dolElY F £F = 4YHIY Z7]
4.3 &4 B o} abnglol Ael 2] rrﬂfom o= = 29 @
teoz 9 2@ A A SueiFel $E v B WY PEANE F0T & gled WA 9]
el xe=e HA ¢7]AZHTotal read time of 347t A3 YA 5’%% olffe dEw e =7
100 . 500 - 900
%0 | mSingle-block mergesort 0 | @ Single-block mergesort 800 m Single-block mergesort
8'0 | SMulti-block mergesort 00 S Multi-block mergesort _ S Multi-block mergesort
37:0 | ©Flash mergesort E;“ | @Flash mergesort %:: DFlash mergesort
g 60 g 300 £
350 g 250 2 100
§4‘o 8200 a
@ 30 @ 150 @ 300
20 100 200
10 50 100
0.0 0.0 00 !
13 23 33 43 53 63 73 83 93 103 3 4 5 6 7 8 9 10 11 12 42 52 62 72 82 92 102112122132
Size of the input buffer(MB) Size of the input buffer(MB) Size of the input buffer(MB)
(a) P300-Data A (b) P300-Data B (¢) P300-Data C
40 180 350
ss B Single-block mergesort 160 @ Single-block mergesort @ Single-block mergesort
. . S Mul-block mergesort o140 8 Multi-block mergesort AS&O SMultblock mergesort
3 ofiosh mergesort & 5 | OFlsh mergeson 250 o
] ° b4 D Flash mergesort
£ * £100 E 200
3 3 0 ’E 150
815 & &
@ @ 0 7100
10 40 N
0s 20 50
00 00 00

13 23 33 43 53 63 73 83 93 103
Size of the input buffer(MB)

(d) ioDrive-Data A

a9 4§ Sl

Fig. 4 Total read time of merge phase

3 4 5 6 7 8 9 10 11 12
Size of the input buffer(MB)

(e) ioDrive-Data B
28 EHE HA

817113k

42 52 62 72 82 92 102112122132
Size of the input buffer(MB)

(f) ioDrive-Data C



Z o ASSDol A o B FEAY .

¥ 2 Data A9 FHDANA FA=H= H7144A
Table 2 Read operation of merge phase on Data A

(a) average number of blocks per one read operation

input Single-block | Multi-block Flash
buffer mergesort mergesort | mergesort
1.3MB 1 1.05 3
2.3MB 1 3.25 235
3.3MB 1 6.63 380
4.3MB 1 11.27 503
5.3MB 1 17.00 640
6.3MB 1 23.76 774
7.3MB 1 32.28 907
8.3MB 1 40.92 1038
9.3MB 1 51.83 1189
10.3MB 1 62.86 1299
(b) total number of read operation

input Single-block | Multi-block Flash
buffer mergesort ergesort | mergesort
1.3MB 28948 282 [ 3350
2.3MB 28879 3408 132
3.3MB 26853 4086 76
4.3MB 26852 2423 55
5.3MB 26854 1615 43
6.3MB 28852 1142 38
7.3MB 28843 851 31
8.3MB 26843 660 27
9.3MB 26848 521 24
10.3MB 28845 428 22
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Table 3 Speedup factor of Flash mergesort
(a) P300-Data A (b) P300-Data B (c) P300-Data C
ll)ll%%tr #of un | Spd-S | Spd-M l;?:’#étr #of un | Spd-S | Spd-M l;r:l?f%tr #of run | Spd-S | SPd-M
1.3MB 160 1.764 1.779 3MB 349 1.973 1.966 4.2MB 419 2074 2.052
2.3MB 91 2.031 1.357 4MB 322 2.019 1.564 5.2MB 399 2141 1.813
3.3MB 64 2.161 1.200 S5MB 299 1.962 1.332 6.2MB 381 2133 1.534
4.3MB 49 2.109 1.091 6MB 280 2.085 1.241 7.2MB 364 2136 1.379
5.3MB 40 2.225 1.094 7MB 262 2.084 1.183 8.2MB 349 2145 1.292
6.3MB 34 2131 1.052 8MB 247 2.139 1.162 9.2MB 335 2143 1.227
7.3MB 29 2.155 1.045 9MB 233 2.186 1.128 10.2MB 322 2173 1.180
8.3MB 26 2198 1.054 10MB 221 2.186 1.110 11.2MB 311 2131 1.126
9.3MB 23 2.221 1.016 11MB 210 2157 1.072 12.2MB 299 2156 1.105
10.3MB 21 2.087 0.978 12MB 200 2.168 1.056 13.2MB 289 2.205 1.107
(d) ioDrive-Data A (e) ioDrive-Data B (f) ioDrive-Data C
(Pt | % of run | Spd-S | SPd-M | | UL | # of un | Spd-S | SPd-M || [RU | # of nn | Spd-S | SPd-M
1.3MB 160 1468 1.520 3MB 349 1.869 1.763 4.2MB 419 1.827 1683
2.3MB 91 1994 1.388 4MB 322 1914 1.617 5.2MB 399 1.986 1713
3.3MB 64 2034 1.220 5MB 299 1813 1.373 6.2MB 381 1.925 1491
4.3MB 49 2.030 1.150 6MB 280 1971 1.335 7.2MB 364 1.983 1409
5.3MB 40 1854 1.075 7MB 262 2031 1.241 8.2MB 349 1.925 1311
6.3MB 34 1954 1.102 8MB 247 1951 1.195 9.2MB 335 2.049 1.288
7.3MB 29 2.024 1.059 9IMB 233 2.001 1.146 10.2MB 322 2.070 1241
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10.3MB 21 1.960 1.036 12MB 200 1972 1.084 13.2MB 289 2.092 1190
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