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94.30% 84.96% 15.04%

98.70% 100% 0

rate
zation

vectori-

unit stride 1024bytes

stride distributionvectori-

zations

V (1)

V (2)

V (3)

V (4)

87.55% 0 100%

96.67% 14.28% 85.72%

Cache size: 16K bytes;  Cache line size: 128 bytes;  Set size: 1;

Matrix Size: Z(128,128)=X(128,128)*Y(128,128)
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    denotes a vector directive which points to a vectorized loop

Vectorization Schemes on Matrix Multiplication  

  for  i = 1, N1

V(1)

Z [ i, j ] += X [ i, k ] * Y [ k, j ]

   end all for loops

  for  i = 1, N1

   end all for loops

Z [ i, j ] += X [ i, k ] * Y [ k, j ]

   for j = 1, N2

V(2)

   end all for loops

Z [ i, j ] += X [ i, k ] * Y [ k, j ]

V(3)

  for  i = 1, N1

   for j = 1, N2

   end all for loops

Z [ i, j ] += X [ i, k ] * Y [ k, j ]

   for j = 1, N2

V(4)

(a)  V(1): vectorized on loop j (b)  V(2): vectorized on loop k

(c)  V(3): vectorized on loop k, interchange i,j. (d)  V(4): vectorized on loop i.

for  k = 1, N

for  k = 1, N

   for j = 1, N2

for  k = 1, N

for  k = 1, N

  for  i = 1, N1
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a) miss ratio of unified-cache b) miss ratio of  scalar-cache

c) miss ratio of vector-cache

Cache size=16K bytes, Set Assoc.=1
B2=256 bytes (32 elements)

: prime-mapped cache
: conventional cache

B1=Cache Line=128 bytes (16 elements)

(a)   unified  cache (b),(c)  split caches

Speedups Speedups

V(1)      2.89

V(2)      2.54

V(3)      1.52

V(4)      1.29

V(1)      3.98

V(2)      3.57

V(3)      1.93

V(4)      1.16

V4: 100% unit stride
V3: 84.96% unit stride
V2: 14.28% unit stride
V1: no unit stride

¼4���/�U����±[»¢«*�/�����
ª����� e�/���L�/�U�8���/ C�U�´ÓM�8���8�\�½¡��8�8�������uÔr�������/�������������������&�-�^�,��� �&���U�u���������u�r�������/�

� � 
æ��/ç-æ � ��ä�ê 
 � 
 ��é �lå �

î¦���,�U�u�3���8�8�������M¾�¶_�©�U�����������½�E�8�� e�����-���U���=���������u���3��¬��������U�8�� e���������U�3�������U�§�^�,�u���&�l�[�E�8���u�������,�8£%¤k�ÑÐ����¨�
�8¡��/�u�������#�/�U�&��������������,���#�{���¨ e�����L�/�����=�/ ��,�U�=���/���U�Â¥¦¬��/�����¡����l�,���o�8�����U���,�8���
ÚI«3«¢¥m�L�R�U�8�eà¢¶o�´�,���,���^�
�/ }�,���Ì�-�����[¥m������������¥m���U�´�Ö¡��8�8�,�/�=�������U���������7Ú��&�&¥m�L�R�U�8�eà,£Y¼����Ñ���U���=���U���{������¾6¶_�����r�����U�������U�
���/���/�
�l�[�8�����������Ò�,�u���L�/�U�����������¨�Ö�,���	�L�Ì�/ }�,�U�Ì�������U�§�^�,���Í�U�������,���L�=�����������r�/�����L���u� ���������#�����,�u����U�µ¡/���U�
���u���U�´Ð����/�U����£3×� Ä�����½���������/�������-�,���Y«3«¢¥m�L�R�U�8�����/�U��,�U� �&�&¥m�L�R�U�8�q¾á¶_�#���/�U���8�\���,�����
����,�U�#�8ÓE���l�,�½�/ 
�r�����U�9�U�8���u���K���/���/���8�,�8���Y���U���º�/�
�L�/���U������ e�U�U�l�,�u���6¾��r�����U�9���uÔ���¾��U���/�����7�/ o�/�����R�������,�´¡R�u�¦�/¾¢���/���U�9�u�u�U�
���uÔ���¾*�U���8 e�8�����U�u�U�s�����U�����/¾o���U�ñ�����U���/�8���������7�/���/�����´�,�U� ���ñ���/���U��E�8�� e�����L�/�U���&�/ �¡��8�8�,�/�L�8�����U���������8£
Î_�/�����r�/�����=�L�u���3�����,�u���/�U���Â�[�����[�,�u���[¥m�������=���E�8���U�U�P�/����U���8��/�*�{���� e�/���L�/�U�8�=�L���/���������3�u�&�������������u�U�
�U�´ÓM�8���8�\���r�����U���8����Ð��/�U�,�������/�U��£

� 	�� � 4 8:-7*0;=<�>?')(�*,+.-��:>%<
	.;5(��! �-�
îm�3�u�*���/�L�������u�7¬E�8���u�8¡/�����,���^�*�,�U�Ñ�r�/���U�=���8�L�/���9�L�r�-�U�/�3¬{�Ñ¬{���U�lÐ������/�M���Y¡��8�8�,�/�*�������U�[�,�����o¬E�8�r�/�U���
�,���Y�����������P�����,�8�U�8�P�������U���Ò���/�L�����,�8����u�=�/�����¨�,�uÔ������µ¡/����U�u�{���u���U�8���������r���L�=�� ������,�7���l e�����8�U���8��£=���
�����/���u Ä�P�,�U�u��¾�¶%�L���/�������8�Ò�����©�l�[�{���������������
¬����/���U�����P�9�¦�R�U�u�r�/�����/���U���������/�U�uÔr�������/�Ò¶o�´�,���¦¶%�P���uÓE���������
�L�/�U�U�u�U�-�����U�8�L�8��»_���U�©������¡/�����,�u�����/���r�����U�Y�/������U�©�U���u���l¥¦�L�/���E�8���r�����U�/¾{�������7�Ì¡��8�8�,�/���8�����U���,�8�½���
�8¡��/�u�������9�,�U���{�/�������,���/�*�{���¨ e�����L�/�U�8�/£v× Üµ±/Þ�ß ¬\�\������¾*±Ë¥m¶_�r�v���8�L�/�����R�������,�´¡���r�/�����&¶o�´�,�¹�u���������uÔ��&�/ 

°



ADM

ARC2D

BDNA

DYFESM

 (SPEC92)

TRACK

 TRFD

FLO52

QCD

MATRIX

NASA7

HYDRO2D

SU2COR

SWM256

TOMCATV

CFFT2D

VPENTA

matrix multiplication         

Air Pollution

Finite difference

Molecular dynamics

Structural dynamics

CFD, transonic flow

Signal Processing

Molecular dynamics

 Hydrodynamics

Seven Kernels

Quantum physics

Weather prediction

NASA Kernel

NASA Kernel

Meshgeneration

94.3%

Quantum chromodynamics

62%

97%

72.3%

95.3%

75.6%

68.3%

87.1%

60.77%

66.51%

69.24%

66.81%91%

63.97%

70.4%

64.3%

62.51%

67.8%

 39.23%

33.49%

30.76%                      

33.19%

36.03%

29.6%

35.7%

37.49%

32.2%

11.06

428.3

395.6

637.7

272.8

108.35

93.47

213.6

64.51

96.10%

 71.20%

94.52%

96.90%

82.01%

8.15%

0%

68.33%

72.17%

65.82%

69.01%

  61.17%

52.42%

75.40%

31.67%

27.83%

34.18%

30.99%

38.85%

47.58%

24.60%

1402.3

1767.6

1242.2

1082.5

 666.0

12.91

10.54

400 timesteps

100 iterations

8*8*8*16 dims

grid size=256*256

1200 iterations

100 iterations

128*128

100 iterations

0.393

2.76

4.77

0.73

2.42

1.59

12.88

1.21

18.11

4.89

4.13

0.34

1.87

Program Application Type
Vectorization

   Rate
Read% Write%

Data Set Size
( Mbytes )

(Perfect Club)

Data SizeInput(M)
# of references

64*1*16 size, 720 steps

635 modules, 20 counter ions

4 elements, 1000 time steps

NX=40 NY=8 Mesh=3

480 targets

40 iteration times

, N=1024

X=385, ETZ=145, 1000 its     106.3

  16*16*16*16 lattice   115.2

  61.58
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    0.0             84.96             0.0             0.0                 0.0               0.0              0.0              15.04             1024

34.8            43.5               0.0             6.0                 0.0               6.5              3.4               5.8                267.6

0.0               51.3              0.0             0.0                 2.4               4.0             28.1              14.2              996.8

2.3               14.7              4.1             9.4               43.0               8.7             12.3               5.5               487.6

27.6             52.7              3.0             0.0                 8.1               0.0              7.2                1.4               332.0

0.0               93.7              0.0             4.5                 0.0               0.0              1.8                0.0               808.9

7.9               84.6              0.0             3.2                 2.7               0.0              0.0                1.6               481.3

2.3               44.2              0.0            16.2              25.56             0.0              8.1                2.5               753.4

25.6             64.3              3.3             0.0                 4.1               2.7              0.0                0.0               430.5

0.0               89.4              0.0             0.0                 4.32             0.0              0.0                6.3               477.2

1.6               65.6              0.24          18.78              0.30             1.5              0.5                12.0             445.4

3.1               89.4              0.0             0.0                  2.7              4.3              0.5                  0.0             576.2

1.0               92.9              0.0             0.0                  0.6              1.5              1.9                  2.1             491.2

2.1               93.2              0.0             1.21                0.0              0.0              1.6                  1.9             870.4

0.0               100               0.0             0.0                  0.0              0.0              0.0                  0.0                0.0

0.0                 0.0              0.0             0.0                  0.0              0.0              0.0                  0.0                0.0

Program
( %)

MATRIX

ADM

ARC2D

BDNA

DYFESM

FLO53

QCD

TRACK

TRFD

HYDRO2D

NASA7

SWM256

SU2COR

TOMCATV

CFFT2D

VPENTA

Average
Vector Length

(bytes)

Stride (in bytes) Distributions 

0-4             4-8              9-16          17-32            33-64           65-128        128-256         > 256
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9648 64 80

1.41  1.19 1.56 1.20 1.83 1.31 1.94 1.40 2.10 1.58

1.37 1.29 1.74 1.68 1.83 1.72 1.95 1.80 2.33  1.88

New       Conv. New       Conv.New       Conv.New       Conv. New       Conv. New       Conv.New       Conv.New       Conv. New       Conv.

16

CFFT2D

VPENTA

New:   New CC-model (with prime-mapped cache)

Conv.: Conventional CC-model (with conventional cache)

1.08 1.561.08 1.60 1.67 1.65 1.74 1.71 1.78 1.75

1.67 1.88 1.96 2.09 2.171.69 1.89 1.96 2.09 2.18

tm

Program

FLO52 1.12 1.07         1.31          1.22        1.37          1.28          1.45        1.35         1.63          1.44

SU2COR  1.10          1.03         1.29            1.13       1.37          1.14        1.49        1.17           1.58          1.19

SWM256

ARC2D

BDNA

1.28

MATRIX

1.31         0.89         1.50           0.93        1.54          0.96         1.60        1.09          1.68         1.11

0.97        1.48           1.10        1.52          1.14         1.56        1.15          1.60         1.17

 1.08          1.00         1.15            1.09       1.20          1.11        1.25        1.16           1.31          1.18

NASA7 1.89         1.37         2.68           1.76         2.91         2.00         3.35        2.08          4.88          2.54

TRFD 1.56         1.11         1.79           1.20        1.88          1.22         1.96        1.28          2.10         1.31

TRACK 2.38         1.53         2.47           1.59        2.51          1.64         2.60        1.73          2.71         1.80

DYFESM 1.27         1.23         1.64 1.60 1.72 1.69 1.87 1.84 2.14 2.12

Group

A

B

C

D

E

HYDRO2D 1.21         1.09         1.27           1.11        1.33          1.12         1.36        1.13          1.38          1.15

ADM

TOMCATV  1.21          1.11         1.72           1.38        2.02          1.46        2.25        1.52           2.46          1.57

QCD 1.24         1.10         1.56           1.26        1.79          1.42         1.91        1.58          2.09         1.97
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1.35

1.15

1.12

1.15

0.73

1.16

0.88

1.28

1.23

TRFD

1.10

1.07

ADM

New:   New CC-model (with prime-mapped cache)

Conv.: Conventional CC-model (with conventional cache)
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1.18

1.07

SPEC92 HYDRO2D NASA7 SWM256 SU2COR TOMCATV

New

Conv.

1.09

1.05

1.52

1.20

1.05

0.91

1.08

1.01

1.15

1.08

Benchmarks
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Dash line :  Conventional Cache

Solid line : Prime-mapped Cache

Cache line size = 64 bytes,  Assoc. =1 

Speedup =
Execution time of the conventional cache

   Execution time of the prime-mapped cache 
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Cache Size = 128K bytes, Cache Line Size = 64 bytes

Dash Line:  Conventional Cache

Solid Line: Prime-mapped Cache

Speedup =  
Execution time of the conventional cache

Execution time of the prime-mapped cache
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Dash  line  : Conventional Cache

Solid line  : Prime-mapped Cache

Cache size = 128K bytes,  Set Assoc. =2
Speedup =

Execution time of the conventional cache

Execution time of the prime-mapped cache
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Speedup =
Execution time of non-prefetched cache

Execution time of prefetched cache
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Cache Size = 128K bytes Cache Line = 32 bytes   Set Asso = 4

* :  LRU replacement  o:  MRU  replacement   +:  Random replacement
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Speedup =
Execution time of non-prefetched cache

Execution time of prefetched cache
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Cache Size = 128K bytes   Cache Line = 32 bytes     Set Asso = 4

*:  LRU replacement      o:  MRU replacement     +:  Random replacement
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Cache Size = 128K bytes     Set Assoc = 4
o: cache line = 8 bytes,  *: cache line = 16 bytes, +: cache line = 32 bytes

Speedup =
Execution time of non-prefetched cache

Execution time of prefetched cache
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Optimal Cache

PROGRAMS

Conventional
cache

miss ratio miss ratio speedup miss ratio speedup

prime-mapped cache
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ARC2D

BDNA

DYFESM
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MATRIX
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Speedup =
Execution time of the MM-Model

Execution time of the CC-Model
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