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BULK SYNCHRONOUS PARALLEL MODEL
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What is Induced Copying?
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|dentify suffixes that must be sorted



O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




O 1 2 3 4 5 6 7 8 9 10 11 12
clelclelcleld|c|cle|d]|$




01 2 3 4 5 6 7 8 9 10 11 12

clelclelcleld|c|cle|d]|$




01 2 3 4 5 6

7 8 9 10 11 12

c|le|Cc|le|C|e

dlc|cle|d|$




01 2 3 4 5 6

7 8 9 10 11 12

c|le|Cc|le|C|e

dlc|cle|d|$




4 5 6

7 8 9 10 11 12

c|le|Cc|le|C|e

dlc|cle|d|$




We only need to sort < n/2 suffixes
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— Distributed String Sorting



Distributed String Sample/Merge Sort
» Sort strings locally
» Compute splitters
» Distribute strings accordingly

» Merge received strings
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Distributed String Sample/Merge Sort

>

>

\{

Sort strings locally — use string sorters by Bingmann and Rantala
Compute splitters
Distribute strings accordingly

Merge received strings
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Experiments
node two Intel Xeon E5-2640v4 (10 cores each) and 64 GB RAM
PE one MPI thread per CPU core
input real world texts (90 MB or 28 MB per PE) up to 115 GB

CC o0 =242
DNA o =4
Prot ¢ =26
Wiki o =213
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— Distributed Suffix Array Construction
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Induce other suffixes
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Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1
clcle|cle|cle|ld|c|cle|d]|$

0

T—

SA=I|12|0|8|1|3]|9|5|11|7|2]4|10|6

18

QT O VU LT

U T &H

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT

T VU VU O T

T &

O

O

QT OV

L VU O

v 0 oo

O VT

O v oo

L T &H

O VU U T

QT O VU LT

O VT LV OLU VT



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T=

@ || ©
o || =
o ||
=
O ||
g
O[]~
o ||
oo
=
ollo
o|lm
=
O[]~
o ||
=
ollo
=

o~
© ~

Op)]

18

QT O VU LT

U T &H

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT

T VU VU O T

T &

O

O

QT OV

L VU O

v 0 oo

O VT

O v oo

L T &H

O VU U T

QT O VU LT

O VT LV OLU VT



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T=

©® || ©
s
O ||«
—
o ||
4
O[]~
o ||
o[|w
=
ollo
olm
—
O[]~
o ||
=
ollo
-

N
© i

Op)]

18

O T O O VT

L T &HA

O O OT LV O LT

O O 0O O VT OOV VT

T VO VU VT

O &

O OT O LV LT

O O O OT LV LU LT

O O O VL ULV LT O ULV LT
O 0O L LU VLUV LT OLVOULV LT

&



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T:

& || ©
o2
O] <
—
O] @\
4
] N~
o || =
0] LO
—
] (0))
O] o
=
(©) ~
0] o0
—
] o
=
AN
o ~—
Up)

18

O T O O VT

L T &HA

O O OT LV O LT

O O 0O O VT OOV VT

T VO VU VT

T &

O OT O LV LT

O O O OT LV LU LT

O O O VL ULV LT O ULV LT
O 0O L LU VLUV LT OLVOULV LT

&



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T:

& || ©
o2
O] <
—
O] @\
4
] N~
o || =
0] LO
—
] (0))
O] o
=
(©) ~
0] o0
—
] o
=
AN
o ~—
Up)

18

QT O VU LT

O T &

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT
T VU VU O T

T &

O OT LV UL VT

O U T

O VLU VT VUL LT

_Cececedcced$_

O | O T A

C_Cececedcced$_

&



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T:

&® || ©
Sl
O ||
—
O || XN
-
O || I~
T |5
|| W
s
O ||l ®
|| ™M
—
] ~—
O || ©
—
OO
=
Q\
© i
)]

18

QT O VU LT

O T &

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT
T VU VU O T

T &

O OT LV UL VT

O U T

O VLU VT VUL LT

_Cececedcced$_

O | O T A

C_Cececedcced$_

&



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T—

©» || o
o2
o || <
—
SRS
-3
o ||~
RIS
o || w
—
o ||l o
o||lm
—
O] —
o ||
—
oo
=
N
o ~—
0]

18

QT O VU LT

U T &H

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT

T VU VU O T

T &

O

O

QT OV

L VU O

v 0 oo

O VT

O v oo

L T &H

O VU U T

QT O VU LT

O VT LV OLU VT



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T—

©» || o
o2
o || <
—
SRS
-3
o ||~
RIS
o ||w
—
o||lo
o|lm
—
o]~
o ||
—
oo
=

N
o ~—

0]

18

QT O VU LT

U T &H

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT

T VU VU O T

T &

O

O

QT OV

L VU O

v 0 oo

O VT

O v oo

L T &H

O VU U T

QT O VU LT

O VT LV OLU VT



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T—

©» || o
o2
o || <
—
SRS
-3
o ||~
RIS
o ||w
—
o||lo
o|lm
—
o]~
o ||
—
oo
=

N
o ~—

0]

18

QT O VU LT

O T &

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT
T VU VU O T

T &

O OT LV UL VT

O U T

O VLU VT VUL LT

_Cececedcced$

O VU U T+

O LU OLVLOLVOLOLVOLT LVOLV LT

&



Inducing | and 4

2 3 4 5 6 7 8 9 10 11 12

1

0

T—

& || ©
o=
() <
—
(©) @\
4
(®) N~
o || =
() Lo
—
O (0))
() o
=
(©) ~
() o0
—
O (@)
=
AN
© ~
Up)

18

QT O VU LT

O T &

O VU OT O ULV LT

QO VU OVOLVUV LT ULVOLU LT
T VU VU O T

T &

O OT LV UL VT

O U T

O VLU VT VUL LT

_CececedCCEd$_

O | O T A

C_Cececedcced$_

&



Key characteristics
» 202 synchronizations
» work roughly equal on every MPI thread

> repetitions aaaa...aa require special case
Experiments

» same set-up as before

» measure construction time and

» memory peak

19



DNA
\ \ \

— 20 20 B
=
E
glo— 10
=
0 0
[ [ [ [ [ [ [
'_l‘/l 6 £ ] (=
mlé-J o—b
Ol
— 47WM,A, 4 -
>
5 +—t + + + + +
g 2 B 2+ B
(0]
IS
0 | | | | | | | | | |
2 4 8 16 32 64

| | |
1 2 4 8 16 32 64
PEs p [20 - p]

—+— dDivSufSort —=— dPD —<— PSAC [F&A'15]

PEs p [20 - p]

—&—/—e—/—8— DC3/7/13 [B'18]

20



time [min]
o~
[

memory [#%'?Es]
o
[

0 | | | | | | | 0 | | | | | | |
1 2 4 8 16 32 64 1 2 4 8 16 32 64
PEs p [20 - p] PEs p [20 - p]

—+— dDivSufSort —=+— dPD —<— PSAC [F&A'15] —&—/—e—/—8— DC3/7/13 [B'18]

21



Conclusion
» very memory efficient and

» reasonable fast distributed suffix array construction algorithms

Future Work
» computing the LCP-array
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Conclusion
» very memory efficient and

» reasonable fast distributed suffix array construction algorithms

Future Work
» computing the LCP-array

Thank You
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