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This paper describes proposal of the virtualization method to use SPEs more effectively,
designing of the lightweight kernel for SPEs to realize it, and development of its prototype.
The programming environment, on which the programs using SPEs can be developed easily,
in Linux on PLAYSTATION 3 is widely used. But it causes SPE context switches whose cost
is so high that it can be hard to optimize SPEs. We propose the virtualization method which
supplies logical processes instead of the existing which do logical SPEs. The lightweight
kernel which loads and executes a process context is implemented on each SPE, and the
Cell/B.E. hardware is directly operated without spufs and libspe to behave faster. The
execution speed of empty processes on the prototype is up to 81% faster than on MARS, and
up to 334% faster than on libspe2, as a result of the evaluation.

CPU

1

CPU 1 CPU

Cell Broadband Engine Cell/B.E.

PPE PowerPC Processor Element

SPE Synergistic Processor Element

CPU SPE 2.4GHz Cell/B.E.

SPE 3 Pentium4 3.6GHz CPU 2

SPE Pentium4 20%

Cell/B.E. SPE

SPE

SPE

SPE

Cell/B.E.

SPE SPE

SPE

Cell/B.E. PLAYSTATION 3

Linux SPE spufs

libspe SPE

© 2009 Information Processing Society of Japan

IPSJ SIG Technical Report

†
Graduate School of Engineering, Tokyo University of Agriculture and Technology.

‡
Institute of Symbiotic Science and Technology, The Graduate School at Tokyo University of Agriculture and
Technology.

Vol.2009-ARC-183 No.37
Vol.2009-OS-111 No.37

2009/4/24



2

libspe

libspe2 SPE

SPE spe_context_create

spe_image_open spe_program_load SPE

spe_context_run SPE

SPE spe_context_destroy libspe SPE

Cell/B.E.

SPE

spufs SPE Cell/B.E. PPE SPE

SPE

SPE

SPE

SPE

SPE

SPE

SPE

SPE SPE

2.1 SPE SPE

1 SPE 1

PPE SPE

PPE SPE

SPE

SPE

SPE

PPE

SPE spufs libspe

SPE SPE

2.1 PPE SPE SPE

PPE

SPE SPE

SPE

SPE

Linux open close read

write

© 2009 Information Processing Society of Japan

IPSJ SIG Technical Report

1 SPE

PPE
A

B

A B

PPE
C

D

C

SPE

A

SPE

B

SPE

C

D
SPE 

PPE
D

Vol.2009-ARC-183 No.37
Vol.2009-OS-111 No.37

2009/4/24



3 © 2009 Information Processing Society of Japan

IPSJ SIG Technical Report

SPE PPE

SPE

SPE SLB PPE

SPE

SPE

SPE SPE spufs libspe

SPE spufs libspe

SPE

spufs libspe Cell/B.E.

PLAYSTATION 3

Linux OS

Cell/B.E.

Cell/B.E.

SPE SPE

2

SPE spufs libspe SPE

spufs libspe

SPE spufs libspe

SPE SPE SIMD

PPE SPE

OS

SPE

SPE

SPE SIMD SPE

DMA SPE

SPE

SPE PPE SPE SPE

2

PPE

PPE

SPE DMA

SPE LS

SPE 

SPE 

DMA

SPE 

SPE mmap

SPE

Vol.2009-ARC-183 No.37
Vol.2009-OS-111 No.37

2009/4/24



4 © 2009 Information Processing Society of Japan

IPSJ SIG Technical Report

1

SPE

SPE

SPE SPE

SPE SPE

MFC Memory Flow Controller DMA 3.2

3.3 SPU

3.4

3 8

SPE DMA SPE

LS Local Store DMA MFC SPE

SLB

DMA SPE SLB

SPE SPE

DMA SPE

SPE

SPE SLB SPE PPE

4.2

SPE write

PPE SPE MFC

PPE SPE SPE

PPE 4 1

1 2 32 FIFO

32 2

SPE

SPE SPE

PPE

stop SPE PPE

SPE SPE

SPE spufs libspe

SPE Linux

SPE

2.2 SPE Linux

SPE

PPE SPE

SPE

SPE 1

1

SPE

Vol.2009-ARC-183 No.37
Vol.2009-OS-111 No.37

2009/4/24



5 © 2009 Information Processing Society of Japan

IPSJ SIG Technical Report

SPE 3.2

SPE DMA

1 spe_process_context_write_data_t

5.1 SPE

SPE

mmap

SPE

SPE

RAW SPE

DMA

ID SPE

SPE ioctl

SPE

SPE read 2

spe_process_context_read_data_t 4.2

spe_process_context_write_data_t SPE

SPE

SPE

SPE

3

SPE RAW PPE spe_program

SPE

4.2 mmap

SPE write

spe_process_context_write_data_t read

spe_process_context_read_data_t 2 open

SPE SPE

close SPE

ioctl SPE SPE

SPE

release dup

close

1 spe_process_context_write_data_t

pid  int32_t SPE ID

program_start uint64_t SPE

program_size uint32_t SPE

arg uint64_t SPE

data_start uint64_t DMA

data_size uint32_t DMA

2 spe_process_context_read_data_t

status  int32_t SPE

ret uint64_t SPE

spe_no  int32_t SPE
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int main(int argc, char *argv[])
{

// spe_program SPE raw
char spe_program[]  = { ... };
int  data[128*1024] = { ... };
spe_process_write_data_t write;
spe_process_read_data_t  read;
int fd, pid;

fd  = open("/dev/...", O_RDWR);
pid = getpid();

write.pid = pid;
write.program_start = (uint64_t)spe_program;
write.program_size  = sizeof(spe_program);
write.arg = 100;
write.data_start = (uint64_t)data;
write.data_size  = sizeof(data);

write(fd, &write, sizeof(write));
ioctl(fd, SPE_EXECUTER_IOCTL_START_PROCESS);
do
{

read(fd, &read, sizeof(read));
} while (read.status != SPE_PROCESS_STATUS_FINISHED);

return 0;
}

uint64_t main(uint64_t arg)
{

int data[128*1024] = { 0 };
dma_get(data, arg, 128*1024);
// Something...
dma_put(data, arg, 128*1024);
return 0;

}
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