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Summary

Vectorization in historical perspective
Vector and scalar compared
Vectorization-like techniques on scalar processors
NEC SX-6 Architecture
Vectorization examples
What if my code does not vectorize? A real code example.
Parallelization
Highly efficient weather model on SX series
Other meteo/climate customers
NEC commitment to HPC

Presentation material provided by DMI 
(Leif Laursen) and NEC (Rudi Fischer, 
Jørg Stadler and Jan Boerhout)
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Vectorization - brief history

Since late 1970s
Cray
Control Data
Convex
SCS
ETA
NEC
Fujitsu
IBM Vector Facility
DEC

Price-performance pressure in 
midrange due to cheap 
microprocessor-based systems:

SGI
IBM
HP
SUN
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Vector and Scalar Compared

Scalar architecture:
One value per register
One result per operation
Multiple operations simultaneously by instruction scheduling
Memory hierarchy required (caches) to hide cheap/slow memory

Vector architecture:
VL values per register
VL results per operation
Multiple operations by hardware replication and instruction chaining
Highly interleaved memory:  high bandwidth at any problem size
Separate scalar processor
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Vector-like Scalar Processing

Both vector and scalar 
architectures are pipelined
On vector processor vector 
instructions are pipelined and 
chainable
On scalar processor 
pipelining by explicit 
instruction scheduling, called 
modulo scheduling or 
software pipelining
Example:
b( : )  = a( : )  *  s

l oad s ,  r 8
cl r i
l oop:

l oad a[ i ] ,  r 1
nop
nop
f mul r 7, r 1, r 8
nop
nop
st or e r 7,  b[ i ]
i nc  i
dec r 9
bne l oop

cl r i
<pr ol ogue>
l oop:

f mul  r 11, r 1, r 8
f mul  r 12, r 2, r 8
f mul  r 13, r 3, r 8
l oad r 4, a[ i +3]
l oad r 5, a[ i +4]
l oad r 6, a[ i +5]
st or e r 11,  b[ i   ]
st or e r 12,  b[ i +1]
st or e r 13,  b[ i +2]
f mul  r 21, r 4, r 8
f mul  r 22, r 5, r 8
f mul  r 23, r 6, r 8
l oad r 1,  a[ i +6]
l oad r 3,  a[ i +7]
l oad r 4,  a[ i +8]
st or e r 21,  b[ i +3]
st or e r 22,  b[ i +4]
st or e r 23,  b[ i +5]
add i , i , 6
sub r 9, r 9, 6
bne l oop

10 cycles per iteration for oneresult

12 cycles per iteration for threeresults
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Pipelining

comp. exponents
shift mantissa
add mantissa
...
...

a1+b1 a2+b2 a3+b3 a4+b4 a5+b5 a6+b6 a7+b7

a1+b1

a2+b2

a3+b3

a4+b4

a5+b5

a6+b6

a7+b7

comp. exponents
shift mantissa
add mantissa
...
...

no pipelining:

with pipelining:
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Scalar Processing Limitations

Software pipelining
Advantages:
1. Most efficient use of pipelined architecture
2. Cache latency hiding

Disadvantages:
1. Register pressure: many registers needed, even for small piece of code 

(increase from 3 to 13 registers for simple example shown)
When hardware limit reached, compiler generates spills or resorts to less efficient scheme

2. Only works efficiently if data blocks fit in cache

13 registers for 3 results
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Real Vector Processing

Same Fortran 90 loop:
b( : )  = a( : )  *  s

Vector instructions:
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14 registers for 256 results
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Pipelining (cont.)

RISC: slots taken by a variety of instructions

Vector: still the most efficient hardware for data parallelism

comp. exponents
shift mantissa
add mantissa
...
...

comp. exponents
shift mantissa
add mantissa
...
...

issue

latency Vector register length
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Data Parallelism

‘Vector Loop’: Data Parallel
do i  = 1,  n

a( i )  = b( i )  + c( i )
end do

do i  = 1,  n
a( i )  = b( i )  + c( i )

end do

Real ,  di mensi on( n) :  a,  b,  c
. . .
a = b + c

Real ,  di mensi on( n) :  a,  b,  c
. . .
a = b + c

do i  = 2,  n
a( i )  = a( i - 1)  + b( i )

end do

do i  = 2,  n
a( i )  = a( i - 1)  + b( i )

end do

Real ,  di mensi on( n) :  a,  b,  c
. . .
a( 2: n)  = a( 1: n- 1)  + b( 2: n)

Real ,  di mensi on( n) :  a,  b,  c
. . .
a( 2: n)  = a( 1: n- 1)  + b( 2: n)

Be careful with f90!
This is different:

‘Scalar Loop’, example: recursion
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Commercial break

A message from our company
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Other high-end applications
Compute-intensive 
programs based on 
recursive algorithms or 
small data sizes
Global File System
Diverse workload, such as

Front-end services
Cross-compilation
Pre- and post-
processing

NEC solutions for both worlds

High-end data-parallel 
applications

Compute-intensive 
vectorizable programs

Highly parallel programs
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TX7 Architecture

• Up to 32 Itanium² Processors
• Up to 128 GB of RAM
• Linux with NEC enhancements
• >100GF on Linpack
• File server functionality for SX
• Flexibility through partitions
• No single point of failure
• Advanced NEC chipset
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TX7: 32-way SMP

PCIPCI--XX
Up to 112slots

Memory 
Controller
Memory Memory 
ControllerController

Memory 
Controller
Memory Memory 
ControllerController

DDR 
DIMMs

CellCell

Up to 8 Cells

Cross-bar  interconnectCrossCross--bar  interconnectbar  interconnect

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridge PCI-X bridge
14 PCI-X slots

PCI-X bridgePCIPCI--X bridgeX bridge PCI-X bridgePCIPCI--X bridgeX bridge
14 PCI-X slots

Cell
Controller

CellCell
ControllerController

Itanium2Itanium2

Itanium2Itanium2
Itanium2Itanium2

Itanium2Itanium2

Total bandwidth
>100GB/s 

• ccNUMA
• Near-flat 

32way
• Partitioning

Cell Photo

Itanium2
NEC Chipset DIMMs memory

TX7/     i6010,   i6510,   i9510

Not the topic of todayNot the topic of today
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SX-6 Architecture

High performance vector computer
Each processor:

8 Gigaflops peak

8 vector arithmetic vector registers
64 vector data registers

Integrated scalar processor 

Each node:

Maximum 8 processors
Maximum 64 Gigabyte memory

Maximum 64 Gigaflops per node

Fast shared memory subsystem
Full non-blocking crossbar to connect 
processors and memory

Additional hardware for inter-processor  and 
inter-node communication
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SX-6 Technology Breakthrough

Single chip vector processor

Unprecedented memory bandwidth per 
chip: 

32 Gbytes/s
Low latency between execution control 
and vector pipes
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SX-6 Vector Processor

M
em

or
y

Vector- Data 64 x 256

Vregs
8 x 
256

Vadd / Vshift

Vmult

Vlogical

Vdiv

Vregs
8 x256

M
as

k
32 GB/s
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Special Vector Enhancements

Vector reduction operations
sum up all elements of one Vector-register 
example for usage: dot product (presented below)

Linear recurrence:

special instructions available
not as fast as real vector, but faster than pure scalar

do i =2, n
a( i )  = b( i )  + a( i - 1)  *  c( i )

end do   

do i =2, n
a( i )  = b( i )  + a( i - 1)  *  c( i )

end do   
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SX-6 scalar CPU

More important than one would assume!

Features
2 x 64 kByte Cache (Instructions, Data)
8 kByte Instruction Buffer
128 64-bit registers
4 instructions / cycle decoding
instruction reordering (data flow control)
branch prediction (2 bit)
2 fmult/fadd/fdiv pipes, 2 integer pipes
double word load
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Shared Memory within Nodes

node

CPU CPU...

Memory

Interconnect

...
node

CPU CPU...

Memory
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SX-6 Multi-Node

Maximum 128nodes
Maximum 1024 CPUs

Maximum 8 TeraFlops  

Internode non-blocking Crossbar Switch
8GB/s interconnect bandwidth per node

bidirectional!

1 TB/s  interconnect 
bisection bandwidth!

bandwidth 8GB/s bidirectional

programming paradigms: 
Intranode: OpenMP

Internode: MPI and HPF
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Memory Bandwidth I

Stream Triad

1402 1575

20051
25501 27339

31982

0

5000

10000

15000

20000

25000

30000

35000

Itanium
800 MHZ

Pentium 4
(1,4 GHZ)

p690 
16 CPUs

p690 turbo
32 CPUs

SX-6i SX-6
1 CPU

M
B

/s

1 CPU



10 December 2002Vector Processing 23
Copyright © NEC ESS

Memory Bandwidth II

Stream Triad

20051 25501 27339 31982

213024

0

50000

100000

150000

200000

250000

p690 (16
CPUs)

p690 turbo
(32 CPUs)

SX-6i SX-6 (1
CPU)

SX-6 (8
CPUs)

M
B

/s
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2

Stream2--COPY:a(i)=b(i)

SX-6(1CPU)

IBM p690(1CPU)

100 1000 10000 1e+05 1e+06 1e+07 1e+08

Data Size

1

G
B

/s

10

100

Source: ORNL webpage

No cache performance hit
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Back to our regular program
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Vectorization examples

Analysis of the following basic operations:
1. v = s + v
2. v = v + v
3. v = v + s * v
4. s = s + v * v
A little less trivial
5. v = ((v - s ) * (v * v + s) +v) * s
A real case study: vectorizing a HIRLAM subroutine
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Performance Estimation

Draw a timing diagram for a single loop iteration

vfadd vfadd

load/store

vfmul vfmulvfmul

vfadd

load/storeload/store

cycles
chime

number of vfadd/vfmul instructions executed

2 x number of chimes
x Peak Mflops

Count the number of load/store, vfadd and vfmul instructions and the 
number of chimes per iteration
Performance estimate:
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Ex 1: v = s + v

do i 0=1, n, 256
do i =i 0, mi n( n, i 0+255)

x( i )  = s + y( i )
end do

end do

do i 0=1, n, 256
do i =i 0, mi n( n, i 0+255)

x( i )  = s + y( i )
end do

end do

x( : )  = s + y( : )x( : )  = s + y( : )

do i =1, n
x( i )  = s + y( i )

end do

do i =1, n
x( i )  = s + y( i )

end do

f or ( i =0;  i <n;  i ++ )
x[ i ]  = s + y[ i ] ;

f or ( i =0;  i <n;  i ++ )
x[ i ]  = s + y[ i ] ;

F90

F77

C

Compiler generates 
stripmining code:

n > 256
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Ex 1: v = s + v (cont.)

Timing diagram 1

Peak performance SX-6: 8000 Mflops
Estimated: ( 1 / 6 ) * 8000 = 1333 MFlops 
Measured: 2000 MFlops

load

vfadd

store

??
cycles

vfadd vfadd

load/store

vfmul vfmulvfmul

(incorrect!)
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Chaining

y(1)y(1)

y(2)y(2)

y(3)y(3)

y(5)y(5)
y(4)y(4)

y(6)y(6)

y(7)y(7)

y(8)y(8)

M
em

or
y

M
em

or
y

SS s+y(1)s+y(1)

s+y(2)s+y(2)

s+y(3)s+y(3)

s+y(5)s+y(5)
s+y(4)s+y(4)

s+y(6)s+y(6)

s+y(7)s+y(7)

s+y(8)s+y(8)

vfad
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Chaining, timing diagram:

Estimated: ( 1 / (2 * 2) ) * 8000 = 2000 MFlops 
Measured: ~2000 MFlops

Ex 1: v = s + v (cont.)

cycles

vfadd

storeload
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Ex 2: v = v + v

x( : )  = y( : )  + z( : )x( : )  = y( : )  + z( : )

do i =1, n
x( i )  = y( i )  + z( i )

end do

do i =1, n
x( i )  = y( i )  + z( i )

end do

f or ( i =0;  i <n;  i ++ )
x[ i ]  = y[ i ]  + z[ i ] ;

f or ( i =0;  i <n;  i ++ )
x[ i ]  = y[ i ]  + z[ i ] ;

F90

F77

C
store

vfadd

loadload

cycles

Timing diagram:

Estimate: (1 / 6) * 8000 = 1333 Mflops
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Ex 3: v = v + s * v

x( : )  = y( : )  + s *  z( : )x( : )  = y( : )  + s *  z( : )

do i =1, n
x( i )  = y( i )  + s *  z( i )

end do

do i =1, n
x( i )  = y( i )  + s *  z( i )

end do

f or ( i =0;  i <n;  i ++ )
x[ i ]  = y[ i ]  + z[ i ] ;

f or ( i =0;  i <n;  i ++ )
x[ i ]  = y[ i ]  + z[ i ] ;

F90

F77

C

store

vfadd

loadload

cycles

Timing diagram:

Estimate: (2 / 6) * 8000 = 2667 Mflops

vfmul
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Ex 4: s = s + v * v

s = dot _pr oduct ( x, y)s = dot _pr oduct ( x, y)

do i =1, n
s = s + x( i )  *  y( i )

end do

do i =1, n
s = s + x( i )  *  y( i )

end do

f or ( i =0;  i <n;  i ++ )
s += x[ i ]  *  y[ i ] ;

f or ( i =0;  i <n;  i ++ )
s += x[ i ]  *  y[ i ] ;

F90

F77

C
vfadd

loadload

cycles

Timing diagram:

Estimate: (2 / 4) * 8000 = 4000 Mflops

vfmul

But wait a minute! Isn’t this a recursive operation?
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Ex 4: s = s + v * v (cont.)

Generated Code (cum grano salis):

r eal  : :  st emp( 1: 256)
st emp = 0. 0
do i 0=1, n, 256

i 1 = mi n( n, i 0+255)
st emp = st emp + x( i 0: i 1) *  y( i 0: i 1)
end do

s = r educt i on( st emp)

r eal  : :  st emp( 1: 256)
st emp = 0. 0
do i 0=1, n, 256

i 1 = mi n( n, i 0+255)
st emp = st emp + x( i 0: i 1) *  y( i 0: i 1)
end do

s = r educt i on( st emp)

256 partial sums

F90

Final sum reduction of partial sums
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Real Performance

0

500

1000

1500

2000

2500

3000

3500

0 512 1024 1536 2048 2560 3072 3584 4096

v = v + v v = v + s * v s = s + v * v

Note the high N½ for s = s + v * v
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Ex 5: v = ((v +s ) * (v * v + s) +v) * s
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vfmul

store

load

load

ex. 5: v = ((v +s ) * (v * v + s) +v) * s

vfad

load

load

vfad

vfad

vfmul

vfmul

Performance estimate:

( 6 / (5*2) ) * 8000 = 4800 Mflops

Performance measured: 6453 Mflops

So what’s going on here?
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ex. 5: v = ((v +s ) * (v * v + s) +v) * s


 � � � � � � ! � � � � � +� � , � �  � � 
 � � 
 � � 
 � � 
 � � 
 � � 
 � � ! 
 � � - � #
! $� � ! � ! � � � � � �
! � � � � � � � � � � � ! 
 � � - 
 � ! 
 � -
� � � � � � � � � � � �  � ! 
 � - #
 � � 
 � �  � ! 
 � - #
 � �  � ! 
 � - #
 � �  � ! #
 � �  � ! #
 � � 
 � � .

� � � - � ' � � 
 � � -
� � � ! � ' � � 
 � � !

� � � ' � �  ! # &� � �  ! 
 - #� " � � /
� . � ' �  �  ! 
 - #� ( � � #� &� � �
�  ! 
 - #� ' �  � . � " � �  ! ##� &� � / �

� � � � � �
� � � � � �

� � � � 
 � � � � � � ! � � � � � +� � , � �

Arrays t and u same for each 
outer loop iteration
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ex. 5: v = ((v +s ) * (v * v + s) +v) * s
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� � � � � �
� � � � � �

� � � � � �
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 � � � � � � ! � � � � � +� � , � �

Code generated by the compiler

Array sections of t and u reused 
for each iteration of j loop
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store

load

ex. 5: v = ((v +s ) * (v * v + s) +v) * s

vfad

vfad

vfmul

vfmul

Performance estimate:

( 6 / (2 * 3) ) * 8000 = 8000 Mflops

Performance measured: 6706 Mflops

How can we get closer to peak?

load

vfmul

vfad
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ex. 5: v = ((v +s ) * (v * v + s) +v) * s
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 � � 
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 � � ! 
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! $� � ! � ! � � � � � �
! � � � � � � � � � � � ! 
 � � - 
 � ! 
 � -
� � � � � � � � � � � �  � ! 
 � - #
 � � 
 � �  � ! 
 � - #
 � �  � ! 
 � - #
 � �  � ! #
 � �  � ! #
 � � � 
 � � .

0� � ! � � � � � � � � ' �
� � � - � ' � � 
 � � -

� � � ! � ' � � 
 � � !
� � � ' � �  ! #� &� � �  ! 
 - #� " � � /
� . � ' �  �  ! 
 - #� ( � � #� &� � �
�  ! 
 - #� ' �  � . � " � �  ! ##� &� � / �

� � � � � �
� � � � � �

� � � � 
 � � � � � � ! � � � � � +� � , � �
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ex. 5: v = ((v +s ) * (v * v + s) +v) * s

� � � ! � � ' � � 
 � � ! � ( � 
 � $� � � �
! � � ' � $! � �  � ! � ( ! � 
 $� � � � #
� � � - � ' � � 
 �  � - � " � � � ( - � #1�

� � � ! � ' � � 
 � ! �
� . � ' �  �  ! � " ! 
 � &- ( � " - � #( � #& �  ! � " ! #&�  ! � " ! 
 � &- ( � " - � #" � / #
�  ! � " ! 
 � &- ( � " - � #� ' �  � . � " � �  ! � " ! ##&� / �
� . � ' �  �  ! � " ! 
 � &- ( � " - � #( � #& �  ! � " ! #&�  ! � " ! 
 � &- ( � " - � #" � / #
�  ! � " ! 
 � &- ( � " - � #� ' �  � . � " � �  ! � " ! ##&� / �
� . � ' �  �  ! � " ! 
 � &- ( � " - � #( � #& �  ! � " ! #&�  ! � " ! 
 � &- ( � " - � #" � / #
�  ! � " ! 
 � &- ( � " - � #� ' �  � . � " � �  ! � " ! ##&� / �
� . � ' �  �  ! � " ! 
 � &- ( � " - � #( � #& �  ! � " ! #&�  ! � " ! 
 � &- ( � " - � #" � / #
�  ! � " ! 
 � &- ( � " - � #� ' �  � . � " � �  ! � " ! ##&� / �
� . � ' �  �  ! � " ! 
 � &- ( � " - � #( � #& �  ! � " ! #&�  ! � " ! 
 � &- ( � " - � #" � / #
/ / /

� � � � � �
� � � � � �

� � � � � �

Code generated by the compiler

More work to keep units busy for each 
iteration of i loop (more overlap)

Performance measured: 7199 Mflops

With additional trick: 7270 Mflops
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Levels of Parallelism

Segmentation
Multiple pipes (8/16-fold)
Parallel usage of functional units
Parallel CPUs
Parallel nodes
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Vectorization of if-blocks

Two methods:
1. default: using 

mask-registers
2. using compress 

and expand:
do i =1, n

i f (  y( i )  . gt .  0. 5 )  t hen
x( i )  = 1. 0 + y( i )

el se
x( i )  = y( i )  *  y( i )

end i f
end do   

do i =1, n
i f (  y( i )  . gt .  0. 5 )  t hen

x( i )  = 1. 0 + y( i )
el se

x( i )  = y( i )  *  y( i )
end i f

end do   

wher e( y>0. 5)
x = 1. 0 + y

el sewher e
x = y *  y

end wher e

wher e( y>0. 5)
x = 1. 0 + y

el sewher e
x = y *  y

end wher e

F90

F77

- Wf ” - pvct l ( no) compr ess”

! cdi r ( no) compr ess
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Vectorization using mask regs

1.0+v(1)1.0+v(1)

1.0+v(2)1.0+v(2)

1.0+v(3)1.0+v(3)

1.0+v(4)1.0+v(4)

1.0+v(5)1.0+v(5)

1.0+v(6)1.0+v(6)

1.0+v(7)1.0+v(7)

1.0+v(8)1.0+v(8)

v(1)*v(1)v(1)*v(1)

v(2)*v(2)v(2)*v(2)

v(3)*v(3)v(3)*v(3)

v(4)*v(4)v(4)*v(4)

v(5)*v(5)v(5)*v(5)

v(6)*v(6)v(6)*v(6)

v(7)*v(7)v(7)*v(7)

v(8)*v(8)v(8)*v(8)

1.0+v(1)1.0+v(1)

1.0+v(2)1.0+v(2)

1.0+v(3)1.0+v(3)

1.0+v(4)1.0+v(4)

1.0+v(5)1.0+v(5)

1.0+v(6)1.0+v(6)

1.0+v(7)1.0+v(7)

1.0+v(9)1.0+v(9)

v(1)*v(1)v(1)*v(1)

v(3)*v(3)v(3)*v(3)

v(5)*v(5)v(5)*v(5)

v(8)*v(8)v(8)*v(8)

Vector Mask inverted Vector Mask
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Vectorization using compress/expand

y(1)y(1)

y(2)y(2)

y(3)y(3)

y(4)y(4)

y(5)y(5)

y(6)y(6)

y(7)y(7)

y(8)y(8)

y(2)y(2)

y(4)y(4)

y(6)y(6)

y(7)y(7)

SQRT

x(2)x(2)

x(4)x(4)

x(6)x(6)

x(7)x(7)

compress

x(1)x(1)x(1)x(1)

x(2)x(2)

x(3)x(3)x(3)x(3)

x(4)x(4)

x(5)x(5)x(5)x(5)

x(6)x(6)

x(7)x(7)

x(8)x(8)x(8)x(8)

expand
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Memory considerations

Banking (example, not realistic!)

every odd stride is o.k.! 
but not for cache-based machines

00

04

08

12

16

20

24

28

01

05

09

13

17

21

25

29

02

06

10

14

18

22

26

30

03

07

11

15

19

23

27

31
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Remarks concerning strides

Real a(96,48,100000): stride 9 * 512 !!!
Fourier, QCD often: power of two dimensions
example: transpose for a(n,n) , diagonal!

do i di ag=2, n
! cdi r  nodep

do i =1, n- i di ag+1
j =i di ag+i - 1
t       = a( i , j )
a( i , j )  = a( j , i )
a( j , i )  = t

end do
end do

do i di ag=2, n
! cdi r  nodep

do i =1, n- i di ag+1
j =i di ag+i - 1
t       = a( i , j )
a( i , j )  = a( j , i )
a( j , i )  = t

end do
end do

do j =1, n

do i =j +1, n

t       = a( i , j )
a( i , j )  = a( j , i )
a( j , i )  = t

end do
end do

do j =1, n

do i =j +1, n

t       = a( i , j )
a( i , j )  = a( j , i )
a( j , i )  = t

end do
end do
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Case Study: HIRLAM subroutine

HIRLAM –High Resolutions Limited Area Model
Operational weather forecast model
Consortium with same name (see http://www.knmi.nl/hirlam)

Subroutine characteristics
~3000 lines of Fortran 77 code
Two-dimensional grid

horizontal grid points (many)
vertical levels (few, ~40)

Inner loops across levels, outer loops across grid points
Complicated execution flow

[Optimization steps shown live using xxdiff on Linux machine, not included in 
presentation]
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Danish Meteorological Institute

Long-term Convex-NEC customer with impressive vectorization experience

HIRLAM forecast suite
Highly tuned by DMI

Operational forecasts

on SX-4/16 1995-2002
on 2 nodes SX-6/8 2002-2003

on 6 nodes SX-6/8 2003-

Higher resolution provides more detail and diverse forecast products



2´ 4 processor

SGI

ORIGIN 200

·  data processing

·  graphics

·  verification

operational 
database

NEC-SX4/16

·  preprocessing

·  analysis

·  initialisation

·  forecast

·  postprocessing

Mass storage device

GTS-observations

ECMWF 
 boundary files



DMI-HIRLAM

The operational system 
consists of four nested 
models named "G", "N", 
"E" and "D".

����

����
����

����



Danish Hurricane 
(3/12/1999) run on 
new SX-6 
configuration with a  
high horizontal 
resolution of 5 km



•Resolutions: 45, 15, 5, and 
1.4 km

•Surface temperatures with 
varying number of wind 
arrows (increasing with 
resolution).
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DMI-HIRLAM Performance

Grid: 642 x 371 horizontal points, 60 
levels
High efficiency: ~4000 Mflops sustained
on single processor: 50% of peak for 
whole application
Good scalability (tested up to 8 nodes)

OpenMP up to 8 threads

MPI on multiple nodes
Best performance with OpenMP/MPI 
combination

Speedup

0.00
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2.00
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NEC in Meteo/Climate

Earth Simulator in Japan (#1 on Top 500 list)
DKRZ, Hamburg
DMI, Copenhagen
UKMO, Bracknell
CSCS, Manno
CMHI, Prague
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NEC commitment to HPC

Strong commitment to SX series follow-ups since SX-1
SX-6 well-accepted
Capable of realizing extraordinary Earth Simulator
New organization NEC High Performance Computing Europe

Up to now ESS has been a subsidiary of NEC Germany
Large group of performance experts in Europe
Powerful (cross-)compilers
Versatile profiler – ftrace(automatic and manual instrumentation)
Efficient MPI-2 and HPF implementations
Third party development software support (Vampir, TotalView)
NQS batch system with MPI support for efficient job execution
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Summary

Vectorization in historical perspective
Vector and scalar compared
Vectorization-like techniques on scalar processors
NEC SX-6 Architecture
Vectorization examples
What if my code does not vectorize? A real code example.
Parallelization
Highly efficient weather model on SX series
Other meteo/climate customers
NEC commitment to HPC

Presentation material provided by DMI 
(Leif Laursen) and NEC (Rudi Fischer, 
Jørg Stadler and Jan Boerhout)


