Bandwidth [GIB/s]

250

200

150

100

Intel Xeon E3-1260L v5 64GB - One Thread Memory Bandwidth

Array Size log, [B]

| | | |
ScanWrite256PtrSimpleLoop
ScanWrite256PtrUnrollLoop
ScanRead256PtrSimpleLoop
ScanRead256PtrUnrollLoop
ScanWrite128PtrSimpleLoop
ScanWrite128PtrUnrollLoop
ScanRead128PtrSimpleLoop
ScanRead128PtrUnrollLoop
ScanWrite64PtrSimpleLoop
ScanWrite64PtrUnrollLoop
ScanRead64PtrSimpleLoop
ScanRead64PtrUnrollLoop
ScanWrite64IndexSimpleLoop
ScanWrite64IndexUnrollLoop
ScanRead64IndexSimpleLoop
ScanRead64IndexUnrollLoop
ScanWrite32PtrSimpleLoop
ScanWrite32PtrUnrollLoop
ScanRead32PtrSimpleLoop
ScanRead32PtrUnrollLoop
PermRead64SimpleLoop
PermRead64UnrollLoop

30

pmbw 0.6.2



Access Time [ns]

140

120

100

(0]
o

[e2]
o

Intel Xeon E3-1260L v5 64GB - One Thread Memory Latency (Access Time)

| | | | |
ScanWrite256PtrSimpleLoop
ScanWrite256PtrUnrollLoop
ScanRead256PtrSimpleLoop
ScanRead256PtrUnrollLoop
ScanWrite128PtrSimpleLoop
ScanWrite128PtrUnrollLoop
ScanRead128PtrSimpleLoop
ScanRead128PtrUnrollLoop
ScanWrite64PtrSimpleLoop
ScanWrite64PtrUnrollLoop
ScanRead64PtrSimpleLoop
ScanRead64PtrUnrollLoop
ScanWrite64IindexSimpleLoop
ScanWrite64IndexUnrollLoop
ScanRead64IndexSimpleLoop
ScanRead64IndexUnrollLoop
ScanWrite32PtrSimpleLoop
ScanWrite32PtrUnrollLoop
ScanRead32PtrSimpleLoop
ScanRead32PtrUnrollLoop
PermRead64SimpleLoop
PermRead64UnrollLoop

|
R —

e

Array Size log, [B]

30

pmbw 0.6.2



Access Time [ns]

Intel Xeon E3-1260L v5 64GB - One Thread Memory Latency (excluding Permutation)
2.5

| | | | |
ScanWrite256PtrSimpleLoop ——
ScanWrite256PtrUnrollLoop —+—
ScanRead256PtrSimpleLoop
ScanRead256PtrUnrollLoop
ScanWrite128PtrSimpleLoop
ScanWrite128PtrUnrollLoop
2 r ScanRead128PtrSimpleLoop —e—
ScanRead128PtrUnrollLoop —=—
ScanWrite64PtrSimpleLoop —*—
ScanWrite64PtrUnrollLoop —v—
ScanRead64PtrSimpleLoop
ScanRead64PtrUnrollLoop
ScanWrite64IindexSimpleLoop
1.5  ScanWrite64IndexUnrollLoop —s—
ScanRead64IndexSimpleLoop
ScanRead64IndexUnrollLoop —+—
ScanWrite32PtrSimpleLoop —*—
ScanWrite32PtrUnrollLoop —*—
ScanRead32PtrSimpleLoop ' ; ; ; ; ; '
ScanRead32PtrUnrollLoop ; ; ; ; ; ﬁ [

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

250

200

150

100

50

Intel Xeon E3-1260L v5 64GB - One Thread Memory Bandwidth (only 64-bit Reads)

| | | | |
ScanWrite256PtrSimpleLoop
ScanWrite256PtrUnrollLoop
ScanRead256PtrSimpleLoop
ScanRead256PtrUnrollLoop
ScanWrite128PtrSimpleLoop
ScanWrite128PtrUnrollLoop
ScanRead128PtrSimpleLoop
ScanRead128PtrUnrollLoop
ScanWrite64PtrSimpleLoop
ScanWrite64PtrUnrollLoop
ScanWrite64IndexSimpleLoop
ScanWrite64IndexUnrollLoop
ScanWrite32PtrSimpleLoop
ScanWrite32PtrUnrollLoop
ScanRead32PtrSimpleLoop
ScanRead32PtrUnrollLoop

Al
ad

Array Size log, [B]

29

30

pmbw 0.6.2



Bandwidth [GIB/s]

450

400

350

300

250

200

150

100

50

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite256PtrSimpleLoop

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

29 30

pmbw 0.6.2



Access Time [ns]

2.5

=
o

0.5

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite256PtrSimpleLoop

IO T T T OTDTTTTO

= I AR TR
 COWONOURWNR

e)

10

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

28

29 30

pmbw 0.6.2



Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite256PtrSimpleLoop

Bandwidth Speedup [1]

IO T T T TTDOTDO
QOWoO~NOOUIRWNE

)
[ERY

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

2.8

2.6

2.4

2.2

1.8

1.6

1.4

1.2

0.8

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite256PtrSimpleLoop

T T \ T T T T T T
| AR X | S . - opl /]
: AW ; , ; p=2 ——
| oAl e
: : : : p=4 —&5—
B ‘ AT I 1 || S p:5 ]
n ' : : : : p:6
: : : : : p:7 —e—
- [EEEEETEEERRRR R [EN | [ || ERRREEEREERETEN S p:8 —_——
N - . . . . p:9 —_—
: : Al : : p=10 —v—
——
I I I I I I I I I I I I I I I I I I I
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite256PtrUnrollLoop

450 T T T T T T T T T T T T T T T T T T T
: : : : : : : : : : : : : : : : : p:]_ R
p=2 ——
p=3
400 p=4 -
p=5
p=6
p:7 —
350 [~ p:8 —_—
p=9 ——
p=10 —v—
250 -
Dl— ﬁx—“— —X—%*——x——ft—eve-‘--x;
200 -
150 | -
100 | .
50 - E
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

2.5

=
o

0.5

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite256PtrUnrollLoop

OO T T OTDTTTTDO

= I AR TR
 COWONOURWNR

e)

10

14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite256PtrUnrollLoop

BN Thekheheoholheoholhoholke

QOWoO~NOOUIRWNE

©
[ERY

10

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

2.5

15

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite256PtrUnrollLoop

= T — 1T T T 07 1 T T 1 T T T T T T 1 1 T — T
: p=1 ——
p=2 ——
p=3
p=4
p=5
p=6
p:7 —
p=8 —=—
- p=9 -
p=10 —v—
\N;‘—x—x—x-——)/ \;___,;J :
(N AN P NN SN S S SR I SN SN SN SN RN I I !
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead256PtrSimpleLoop

220 T T T T T T T T T T T T T T T T T T T
p=2 —*—
200 | p=3 |
p=4
: p=5
180 oo p=6 .
p:7 —
p=8 —a—
NSO W S o p=9 ——
160 =10
140 F 1
120 IR R S N SO RS S— =
100 N AN -
80 -
60 -
4ok o T Y Y ‘_
0 I I I I I I I I I I I I I I I I I I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead256PtrSimpleLoop

|
©

1loOTCOoTOTTTT
 COWONOURWNR

=

27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead256PtrSimpleLoop

OO TTOTDOTTTO

=

: QOWoO~NOOUIRWNE
|

O

i

HHH

10

Array Size log, [B]

28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead256PtrSimpleLoop

I
|

I D OTTTOTDTTTT
QOWoO~NOOUIRWNE
|

©
[ERY

Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead256PtrUnrollLoop

900 T T T T T T T T T T T T T T T T T T T
: : : : : : : : : : : : : : : : : p:]_ R —
p=2 ——
p=3
800 I p=4 i
p=5
p=6
: : : : p:7 ——
00 F e p=8 —a— 7]
p=9 —+—
p:]_O —_—
600 - : e
500 ‘_
400 i
300 ‘_
200 e n
100 ‘_
0 1 1 1 1 1 1 1 1 1 1

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

2.5

=
o

0.5

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead256PtrUnrollLoop

OO T T OTDTTTTDO

= I AR TR
 COWONOURWNR

e)

10

14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead256PtrUnrollLoop

T T T T T T T T T T T T T T T T T T T
; ; ' p=l ——
p=2 ——
p=3
n p=4 -
p=5
p=6
p:7 —
p=8 —=—
= 0=9 -
p=10 —v—
' DU R A S S S S SR S DU |||\_T\’i(\;—‘—x
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth Speedup [1]

2.5

15

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead256PtrUnrollLoop

QOWoO~NOOUIRWNE

Il O T T T T TTTOT]

)
[ERY

ap

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite128PtrSimpleLoop

110 | | | | | | | | | | | | | | | | | | |
: : : : : : : : X R : : : : : : : p:]_ —_—
: : : p:2 ——
I R S ’ p=3 i
100 | p=4
: : 0 p:5
o <L d) p=6
90 [ LN e p=7 —e— -
; ; : p=8 ——
: : : p:9 —h—
s8oF ~ p=10 —— _
: :\.r,,/;:";? 7 3¢ 33— ye—H—H—H— P H— I H——H— N == R —— )
20 .
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

1.4

1.2

0.8

0.6

0.4

0.2

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite128PtrSimpleLoop

|
©

1loOTCOoTOTTTT
 COWONOURWNR

=

10

13 14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

4.5

3.5

2.5

1.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite128PtrSimpleLoop

©
h lﬂ"D'O'O'O'O'O'D'O'O_

QOWoO~NOOUIRWNE

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

23

24

28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

2.4

2.2

1.8

1.6

1.4

1.2

1

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite128PtrSimpleLoop

| ] | | I | | | 1 | I | | | | |

QOWoO~NOOUIRWNE

Il O T T T T TTTOT]

O
[ERY

10

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

250

200

150

100

50

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite128PtrUnrollLoop

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

11

12

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

1.4

1.2

0.8

0.6

0.4

0.2

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite128PtrUnrollLoop

| | | | | | | | | | | | | | | | | | |
p=1 —— : : : ;
p=2 —*—
p=3
p=4
— p:5 -
p=6
p=7
p=8
p=9
‘p:lo -
M YN Y —— s
i i i i i i i i I i I i i i i i i i i
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth Speedup [1]

5.5

4.5

3.5

2.5

15

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite128PtrUnrollLoop

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

27 28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

2.6

2.4

2.2

1.8

1.6

1.4

1.2

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite128PtrUnrollLoop

)
[ERY

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE
|

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

23

24

30

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead128PtrSimpleLoop

110 I I I I I I I I I I I I I I I I I I I

p=2 ——

I EE S p=3 _

100 =4

p=5

p=6
90 B p:7 —_—— -

p=8 ——

p=9 ——
80 [« -p=10 —v—
70 b
60 | -
50 | =
20 .
10 I I I I I I I I I I I I I I I I I I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead128PtrSimpleLoop

OO T T OTDTTTTDO

©

 COWONOURWNR

=

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

28

29 30

pmbw 0.6.2



Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead128PtrSimpleLoop

Bandwidth Speedup [1]

TNNTT O T T O T T T T
QOWoO~NOOUIRWNE

©
[ERY

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

2.4

2.2

1.8

1.6

1.4

1.2

1

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead128PtrSimpleLoop

T T T T T T T T T T T T ] T T T T T T
: p=1 ——
p=2 ——
p=3
= 0=4 _
p=5
p=6
p=7 —o—
IEEUUUUUPUUUPIPESUIPPNY ISUURO ISSURPUON I P SUUPIPOPPPOP OOy p=8 —=a— o
p=9 ——
: : : : p=10 —v—
. [N P RN SN BN I I [T TN I SN BN N I I I I
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth [GIB/s]

450

400

350

300

250

200

150

100

50

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead128PtrUnrollLoop

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead128PtrUnrollLoop

OO T T OTDTTTTDO

T
©

 COWONOURWNR

=

Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead128PtrUnrollLoop

OO TTOTDOTTTO

)
[ERY

QOWoO~NOOUIRWNE

10

11

12

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead128PtrUnrollLoop

25

hekehehehehe-heheheln
COO~NOUDWNR

)
[ERY

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

110

100

90

80

70

60

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite64PtrSimpleLoop

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

11

12

13

14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite64PtrSimpleLoop

T
©

1loOTCOoTOTTTT
 COWONOURWNR

=

Array Size log, [B]

27

28 29 30

pmbw 0.6.2



Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite64PtrSimpleLoop

Bandwidth Speedup [1]

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

TR NN S SN SN SR N SR SN SN I SN

10 11 12 13 14 15 16 17 18 19 20 21 22 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

2.4

2.2

1.8

1.6

1.4

1.2

1

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite64PtrSimpleLoop

i

Il O T T T T TTTOT]

QOWoO~NOOUIRWNE

)
[ERY

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

110

100

90

80

70

60

50

40

30

20

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite64PtrUnrollLoop

A A

Il O T T T T TTTOT]

QOWoO~NOOUIRWNE

)
[ERY

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite64PtrUnrollLoop

T
©

1loOTCOoTOTTTT
 COWONOURWNR

=

Array Size log, [B]

25

26

27

28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite64PtrUnrollLoop

4.5 | | | | | | | | | | | | | | | | |

|
p=1 ——
p=2 ——
p=3
p=4
4 p=5 7
p=6
p:7+
p=8 ——
p=9 ——
35 =10 ——
3_ —
25 E
2_ —
15 L =
P PO S S E N S S N S S SO I T I S e — ——.

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

2.4

2.2

1.8

1.6

1.4

1.2

1

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite64PtrUnrollLoop

QOWoO~NOOUIRWNE

Il O T T T T TTTOT]

)
[ERY

(TR N S SN RN SR I SR N SN SN RN SN R

10

11 12 13 14 15 16 17 18 19 20 21 22 23 24
Array Size log, [B]




Bandwidth [GIB/s]

110

100

90

80

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead64PtrSimpleLoop

©
TNNTT O T T O T T T T

QOWoO~NOOUIRWNE

=

10

11

12

13

14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

27

29 30

pmbw 0.6.2



Access Time [ns]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead64PtrSimpleLoop

055 1| I I I I I I I I I I I I I I I I I I
p=1 —— : : : : : : : : : : : : : : : : :
p=2 ——
05 | P=3 -
p=4
pP=5
p=6
0.45 - p=7 —e— .
p=8 —=—
p=9 —s—
0.4 (P=10 —— .

0.3

0.25 .
0.2 -
0.15 .
0.1 -
0.05 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log; [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead64PtrSimpleLoop

O

OO TTOTDOTTTO

=

QOWoO~NOOUIRWNE
|

10

11

12

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead64PtrSimpleLoop

1]

QOWoO~NOOUIRWNE

TNNTT O T T TOT T T T

O
[ERY

10

i: + I' + I' + I +——+ I +—+ I + I + I + I + I +— I ——+ I +——+ I ——t I +——+ I I I I
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

250

200

150

100

50

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead64PtrUnrollLoop

©
TNNTT O T T O T T T T

x———’x——‘a——';-:——x\'x/x—k\’w(_x_ -

QOWoO~NOOUIRWNE

=

10

11 12 13 14 15 16 17 18 19 20 21
Array Size log, [B]

30

pmbw 0.6.2



Access Time [ns]

0.6

0.5

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead64PtrUnrollLoop

OO T T OTDTTTTDO

©

 COWONOURWNR

=

14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead64PtrUnrollLoop

IO T T T TTDOTDO
QOWoO~NOOUIRWNE
|

)
[ERY

10

11

12

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Array Size log, [B]

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

N
o

15

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead64PtrUnrollLoop

| | | 1 Al | | | | | | | |

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE

)
[ERY

(TR N S SN RN SR I SR RN SN SN SN SN BN I I I I

10

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite64IndexSimpleLoop

110 | | | | | | | | | | | | | | | | | | |
: : : : : : : : : : : : : : : : : p:]_ R
: : p=2 ——
IR WA SO S NN | p=3 _
100 p=4
p=5
p=6
a0 p:7 —_—— -
p=8 ——
p=9 ——
80 p=10 —v—
70 N
60 [l hi i N -
50 -
40 Fx ke .
30 | -
20 .
10 i i i i i i i i i i i i i i i i I i 1

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite64IndexSimpleLoop

|
©

1loOTCOoTOTTTT
 COWONOURWNR

=

Array Size log, [B]

25

26

27 28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

4.5

3.5

2.5

1.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite64IndexSimpleLoop

|
: : p=1 ——
: : : p:2 ——
: : ; p=3
: : : p:4
; : : p=6
: : : p:7 ——
: : : p:8 —t
: : : p:9 —h
B R Cp=10 ——
. L .1 i I N I I I N N IR R I B o -
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth Speedup [1]

2.4

2.2

1.8

1.6

1.4

1.2

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite64IndexSimpleLoop

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE

o -O
=

[ VR R SN RN SR I SR N SN SN I BN | I I I

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Array Size log, [B]

30

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite64IndexUnrollLoop

110 T T T T T T T T T T T T T T T T T T T
— p=2 ——
| p=3 |
100 p=4
p=5
p=6
Q0 p=7 —e— -
. : : p:8 —a—
80 | .‘ Nl P10 ——
70 | Y E
60 S A S 7]
50 [ oA -
: : .)Ni(\-k“\..
Bl - N e HrOeR=—<
40 ]
IO P P 7
20 I .
' F———;-;__L;:::
10 I I I I I I I I I I I I I I I I L I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite64IndexUnrollLoop

1
1loOTCOoTOTTTT
 COWONOURWNR

1
o
=

: RN =

[ it
Pte———X] B\ ¥

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Array Size log, [B]

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

4.5

3.5

2.5

1.5

1

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite64IndexUnrollLoop

i

TNNTT O T T O T T T T
QOWoO~NOOUIRWNE

©
[ERY

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

29 30

pmbw 0.6.2



Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite64IndexUnrollLoop

I
p=1
p=2
p=4
p=5
p=6
2.2 p=7
p=8 ——
p=9 ——
=10

)
[ERY

Bandwidth Speedup [1]

1.6

1.4

1.2

1

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

110

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead64IndexSimpleLoop

©
TNNTT O T T O T T T T

=

QOWoO~NOOUIRWNE

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead64IndexSimpleLoop

05 1I I I I I I I I I I I I I I I I I
p: —_— : : : : : : : : : :
p=2 —*—
p=3
0.45 | p=4 i
p=5
p=6
p:? ——
0.4 | =g —a— i
p:9 —a
p=10 —v—
0.35 : R O _

0.3

0.25

0.2

0.15

0.1

0.05 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log; [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

5.5

4.5

3.5

2.5

15

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead64IndexSimpleLoop

QOWoO~NOOUIRWNE

©
h u"G'O'O'O'O'O'G'O'O_

10

11

12

13

14

15

16

17

18

19 20 21

Array Size log, [B]

22

23

24

25

26

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

2.6

2.4

2.2

1.8

1.6

1.4

1.2

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead64IndexSimpleLoop

SNV Y AW RN IRV

QOWoO~NOOUIRWNE

;

Il O T T T T TTTOT]

(TR N S SN RN SR I SR RN SN SN SN SN BN I I I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth [GIB/s]

220

200

180

160

140

120

100

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead64IndexUnrollLoop

TNNTT O T T O T T T T

©
[ERY

QOWoO~NOOUIRWNE
|

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

23

24

25

26

27

29 30

pmbw 0.6.2



Access Time [ns]

0.6

0.5

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead64IndexUnrollLoop

IO T T T OTDTTTTO

©

 COWONOURWNR

=

10

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead64IndexUnrollLoop

QOWoO~NOOUIRWNE
|

e
lﬂ\'D'O'O'O'O'O'D'O'O

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead64IndexUnrollLoop

TheheheheheRheRhehekelu
TOOWO~NOURNWNRE

-O
=

. TR R VU RN SR N R S S N SN R S B | | | |
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Array Size log, [B]

pmbw 0.6.2



Bandwidth [GIB/s]

55

50

45

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite32PtrSimpleLoop

-c N N
B Ihelhelholholholholholhelyoly

QOWoO~NOOUIRWNE

=

10

11

12 13 14 15 16 17 18 19 20 21

Array Size log, [B]

22

30

pmbw 0.6.2



Access Time [ns]

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite32PtrSimpleLoop

T
i®]

1o TTTOTTTO
OO NOUAWNR

=

Array Size log, [B]

26

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

4.5

3.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite32PtrSimpleLoop

CATTRRRTIAN T
QOWoo~NOOUIAWNPEF
|

©
[ERY

10

11

12

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Array Size log, [B]

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite32PtrSimpleLoop

T

QOWoO~NOOUIRWNE

TNNTT O T T O T T T T

)
[ERY

I' 'l 'I"'I"I 'I 'I 'I 'I"'I""I"'I""I"'I I I I

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

55

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanWrite32PtrUnrollLoop

QOWoO~NOOUIRWNE

-O N N
- lﬂ"D'O'G'O'O'O'D'O'G_

Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

0.35

0.3

0.25

o
N

0.15

0.1

0.05

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanWrite32PtrUnrollLoop

I nn
OCoO~NOOUITDWN P

NSO O T T OTTTTO

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Array Size log, [B]

27

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

4.5

3.5

2.5

1.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanWrite32PtrUnrollLoop

©
[ERY

TNNTT O T T O T T T T
QOWoO~NOOUIRWNE

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

23

24

28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

2.4

2.2

1.8

1.6

1.4

1.2

1 +

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanWrite32PtrUnrollLoop

i

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE

)
[ERY

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

23

24

25

26

27

28

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead32PtrSimpleLoop

55 | | | | | | | | | | | | | | | | |

T T
p:]_ —_—
p=2 —*—
p=3
- p=4 .
p=5
p=6
p:7 —
 p=8 .
p=9 —+—
p=10 —v—
/-r'rv?"\/*f'*'f j i : : : : : :
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B] pmbw 0.6.2
w 0.6.



Access Time [ns]

0.35

0.3

0.25

o
N

0.15

0.1

0.05

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead32PtrSimpleLoop

p
p
p
p
p
p

~N~No o~ wWNE

Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

4.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead32PtrSimpleLoop

QOWoO~NOOUIRWNE
|

©
h lﬂ"D'O'O'O'O'O'D'O'O_

[ U RN SN RN SR I S N SN SN I RN | I

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

27 28
Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

1.4

1.2

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead32PtrSimpleLoop

)
[ERY

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE

10

11

12

13

14

15

16

17

18

19 20 21
Array Size log, [B]

22

23

24

25

26

27

28 29 30

pmbw 0.6.2



Bandwidth [GIB/s]

110

100

90

80

70

60

50

40

20

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - ScanRead32PtrUnrollLoop

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

Array Size log, [B]

29 30

pmbw 0.6.2



Access Time [ns]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - ScanRead32PtrUnrollLoop

04 1| | | | | | | | | | | | | | | | | | |
p=1 ——
p=2 ——
p=3
. p=4 _
0.35 D=5
p=6
p:? —
p=8 —=—
03 B p:9 —_— -
p=10

0.25

0.2

0.15

0.1

0.05

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log; [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

5.5

4.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - ScanRead32PtrUnrollLoop

[ U RN SN RN SR I S N SN SN I RN | I I

QOWoO~NOOUIRWNE

©
h lﬂ"D'O'O'O'O'O'D'O'O_

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Array Size log, [B]

28

29 30

pmbw 0.6.2



Bandwidth Speedup [1]

no
o

1.5

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - ScanRead32PtrUnrollLoop

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE

)
[ERY

[ U RN SN RN SR I S N SN SN I RN | I I I

10

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Array Size log, [B]

29 30

pmbw 0.6.2



Bandwidth [GIB/s]

70

60

50

IN
o

30

20

10

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - PermRead64SimpleLoop

10

Array Size log, [B]

QOWoO~NOOUIRWNE

-d N
- lﬂ"D'O'G'O'O'O'D'O'G_

e

25 26 27 28 29 30

pmbw 0.6.2



Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - PermRead64SimpleLoop

140 I I I I I I I I I I I I I I I I I I I
p:l _—
p=2 ——
p=3
p=4
120 | p=5 .
p=6
p:7 R —
p=8 ——
p=9 ——
100 'p:lo — 1
R e e S :
)
£
|_
[7)]
g
2 60
40 =
20 =
0 L —a 222084 - I I I I I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

20

18

16

14

12

10

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - PermRead64SimpleLoop

| | | |
; : : p=1 ——
p=2 —*—
. - p=3 |
p=4
p=5
p=6
- - p:7 —_——
p=8 ——
p=9 ——
| p=10 —v— _
= - - 3¢ e o L R He———— -
I I I I I I I I I I I I I I I I I I I
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - PermRead64SimpleLoop

T T T v T T T T T T T T T T T T T
: : : : : : : : : : : : : =2 ——
: : N N 3 N N N N N N N N =3
=5
p=9
p=10 —v—
. TR N U RN S R S S R S RN SR SN B I I I I
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Bandwidth [GIB/s]

Intel Xeon E3-1260L v5 64GB - Parallel Memory Bandwidth - PermRead64UnrollLoop
120 | | | | | | | | | | | | | | | | |

100

Il O T T T T TTTOT]
QOWoO~NOOUIRWNE
|

)
[ERY

D004 P S G
24 25 26 27 28 29 30

Array Size log, [B]

pmbw 0.6.2



Intel Xeon E3-1260L v5 64GB - Parallel Memory Access Time - PermRead64UnrollLoop

140 | | | | | | | | | | | | | | | | | | |
p:l —_—
p=2 ——
p=3
p=4
120 | p=5 .
p=6
p:7 R —
p=8 ——
p=9 ——
100 'p:lo — 1
R e e S :
(&)
=
=
(72}
2
2 60
40 :
20 :
0 Lis== . iy "/ —2——0—0-0-04 I I I I I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Array Size logs [B] pmbw 0.6.2
w 0.6.



Bandwidth Speedup [1]

20

18

16

14

12

10

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth - PermRead64UnrollLoop

NAAASASANE
QOWoo~NOOUIAWNPEF

-]
=

10

11

12

19 20 21
Array Size log, [B]

22

23

24

25

26

27 28 29 30

pmbw 0.6.2



Bandwidth Speedup [1]

Intel Xeon E3-1260L v5 64GB - Speedup of Parallel Memory Bandwidth (enlarged) - PermRead64UnrollLoop

| | | | ) | | | | | | |

. TR A U S S S S SR SR SN SN SN
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Array Size log, [B]

pmbw 0.6.2



