
2009.4.18 1

, , , ( )
( )

( )



2009.4.18 2222
EDA

•

•

•



2009.4.18 3



2009.4.18 42009.1.24 444



2009.4.18 5

2009.1.24

LSI 5

• BB
• (
•

Tdelay

IN

OUT

IN OUT

+
B

C
A

X

X

X 5

3

8C

B

A
RT

( )

(
)

RTL

LSI

INV

M1

M2

Tdelay

Vth

VDD



2009.4.18 6

• g

: g W
–

: g W

SER

,SER



2009.4.18 7

,

Q

W

)(QfW

Q W

1

2
3 1 2

1 2

1 2 3



2009.4.18 865nm

20 40 60 80 100 120 1400
0

3.0

2.5

2.0

1.5

1.0

0.5



2009.4.18 9

1

0

0

1
0

1
1

0

I0
/

1/
0/

1/

1/

0/

1/

1/

9

1/

0/

1/

a0

a1

b1

z0

z1

c

2

2

3
b0

A    +   B    =     Z
(a1,a0)    (b1,b0)    (c,z1,z0)

10(2) +   01(2) =   011(2)

RT (
)



2009.4.18 10

1

0

0

1
0

1
1

0

I0
/

1/

0/

1/

1/

0/

1/

1/

0/

1/

1/

1

0

1

1

0

1

1

1

1

0

Failure

2
( ) ( ) 10

a0

a1

b1

z0

z1

c

2

2

3
b0

z0:
z1:
c :

RT



2009.4.18 11

RTL

SRIM Katz

TCAD

( G)

Layout Depth profile

( G)

( G)

RTL ( G)Cache ( G)

LSI ( G)



2009.4.18 12

•
–

•
•

–

+

RT/

SPICE SPICE

JAXA

1



2009.4.18 13

OS

OS



2009.4.18 14

• S A Dependability 
D(S, A) = MTTFS / TA

• MTTFS: A S MTTF
• TA: A S
• D(S, A) Dependability
• Dependability

– MTTF/ MTTF/( )

System
Architecture

RT
Logic
Circuit
Physics

MTTFS

TA

FIT



2009.4.18 15

• &
– / OS
– / /

•
–

•
• RT

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ Core
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ Core
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

Core
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

Core
gating

(a) Dual large core (b) Hetero core (c) Dual small core (d) Single large core (e) Single small core

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ Core
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ

FU FU

RF

IQ Core
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

Cluster
gating

Core
gating

I$

D$

Decode

Br
Pred

FU FU

RF

IQ

FU FU

RF

IQ

Cluster
gating

Core
gating

(a) Dual large core (b) Hetero core (c) Dual small core (d) Single large core (e) Single small core

OS

A

s

T
MTTFASD ),(



2009.4.18 16



2009.4.18 172009.1.24 17

• DVS (Dynamic Voltage Scaling)

FF
• FF FF

FF FF

FF

Delay

Pa
th

D
is
tr
ib
ut
io
n

FF

MeP 11% M32R 2%



2009.4.18 18

•

•

•

•



2009.4.18 19

(1/2)
7

1.  M. Sugihara, T. Ishihara, and K. Murakami, "Reliable cache architectures and task 
scheduling for multiprocessor systems," IEICE Transactions on Electronics, Vol. E91-C, No. 
4, pp. 410-417, April 2008. 
2. , , ``

'', , Vol.49, No.6, pp.2005-2015, June 
2008.
3. , ,`` FF

'', , Vol.49, No.6, pp.2029-2042, June 2008.
4. , , , "

", , Vol.1, No.2, pp.12-21, Aug. 
2008.
5.  Toshinori Sato, ``A Simple Mechanism for Collapsing Instructions under Timing 
Speculation'', IEICE Transactions on Electronics, Vol.E91-C, No.9, pp.1394-1401, 
September 2008.
6. M. Sugihara, "Reliability inherent in heterogeneous multiprocessor systems and task 
scheduling for ameliorating their reliability," to appear in IEICE Transactions on 
Fundamentals of Electronics, Communications and Computer Sciences, Vol. E92-A, No. 4, 
April 2009
7.  Yuji Kunitake, Kazuhiro Mima, Toshinori Sato, Hiroto Yasuura, "Enhancements of a 
Circuit-level Timing Speculation Technique and their Evaluations Using a Co-simulation 
Environment", IEICE Transactions on Electronics, pp.483-491, E92-C, No.4, April 2009.

34
8. , " SEU

," , Vol. 108, No. 23, pp.37-42, , 2008
5 .

9. , " ",
, vol. 108, no. 22, VLD2008-4, pp.19-24, 2008 5

10. , “ prefix graph 
”, , vol. 108, no. 22, VLD2008-6, pp.31-36, 2008 5

11. , , , `` DVS
'', , 2008-

ARC-178, pp.93-98, May 2008.
12. Shingo Watanabe, Masanori Hashimoto, and Toshinori Sato, ``Cascading Dependent 
Operations for Mitigating Timing Variability'', Workshop on Quality-Aware Design, June 
2008.

13. Mohammad Mesbah Uddin, Salahuddin Muhammad Salim Zabir, Yasunobu Nohara, and 
Hiroto Yasuura, ``A Framework of Authentic Post-Issuance Program Modification for Multi-
Application Smart Cards'', Proceedings of the 2008 International Conference on Wireless 
Networks (ICWN ‘08), pp.288-294, Jun 2008.
14. , , , ``

'', , pp.115-122, June 2008.
15. , , , ``

'', , pp.48-49, June 2008.
16. , , , , , ``

'', 13
, pp.59-64, Jun. 2008.

17. Shinsuke Ohtsuka, Satoshi Kawamoto, Shigeru Takano, Kensuke Baba, and Hiroto
Yasuura,``A Note on Biometrics-based Authentication with Portable Device'', Proc. 
International Conference on Security and Cryptography (SECRYPT 2008), pp.99-102, Jul. 
2008.
18. , , , `` LSI

'', 5 FTC 2008 7 .
19. , , , ``

'', 5 FTC 2008 7 .
20. , , , ``BAST

'', 5 FTC 2008 7 .
21. , " LUT LUT FPGA

", DA , pp.79-84, 2008 8
22. , "

," DA , pp. 43-48, , 2008 8 .
23. , , ``

'', , Vol.1, No.2, pp.12-21,August 2008. 
24. Toshimasa Funaki and Toshinori Sato, ``Formulating MITF for a Multicore Processor with 
SEU Tolerance'', 11th Euromicro Conference on Digital System Design, Vol.1, pp.234-
241,September 2008. 
25. , " "

20 , 04-2A-02, 2008 9
26. Taeko Matsunaga, Sinji Kimura, and Yusuke Matsunaga, "Synthesis of parallel prefix 
adders considering switching activities", In proceedings of ICCD2008, pp.404-409, Oct. 2008
27. Yuji Kunitake, Toshinori Sato, and Hiroto Yasuura, ``Mitigating Performance Loss in 
Aggressive DVS Using Dual-Sensing Flip-Flops'', 16th IFIP/IEEE International Conference 
on Very Large Scale Integration, pp.543-546, October, 2008.



2009.4.18 20

(2/2)
28. , "

", vol. 108, no. 228(SIP), SIP2008-116, pp. 53-58, 2008 10
29. , "FPGA

", vol. 108, no. 228(SIP), SIP2008-117 pp. 59-64, 2008 10
30. , , , , , ``

'', 
2008(CSS2008), Vol.2008, No.10, pp.67-72, Oct. 2008.

31. Kazuya Sugiki, Toshinori HOSOKAWA, Masayoshi YOSHIMURA, ``A Test 
Generation Method for Datapath Circuits Using Functional Time Expansion Models'', 9th 
Workshop on RTL and High Level Testing, pp.69-74, November 2008.
32. LingLing WAN, Motohiro WAKAZONO, Toshinori HOSOKAWA, Masayoshi 
YOSHIMURA, ``A Bit flipping Reduction Method for Pseudo-random Patterns Using Don’t 
Care Identification on BAST Architecture'', 9th Workshop on RTL and High Level Testing, 
pp.111-116, November 2008.
33 Masayoshi YOSHIMURA, Yuma ITO, Hiroto Yasuura, “Design For Testability 
Methods against Scan based Attacks”, Joint Seminar on Advanced LSI Test Technology, 
December 2008.
34. , , , , ``

FF '', , 2008-SLDM-137, pp.85-89, 
November 2008.
35. Hiroto Yasuura, “Dependable VLSI: Device, Design and Architecture -- How should 
they cooperate ?”, 14th Asia and South Pacific Design Automation Conference(ASP-DAC 
2009), January, 2009.
36. Shingo Watanabe, Masanori Hashimoto, Toshinori Sato, ``A Case for Exploiting 
Complex Arithmetic Circuits towards Performance Yield Enhancement'', 10th International 
Symposium on Quality Electronic Design, pp401-407, March 2009.
37. Toshinori Sato, Shingo Watanabe, ``Uncriticality-directed Scheduling for Tackling 
Variation and Power Challenges'', 10th International Symposium on Quality Electronic 
Design, pp 820-825, March 2009.
38. `` VLSI

'', , AI-1-6, March 2009.
39. , , , , “

”, DC , 2009 4
40. , , , “ SER

”, DC , 2009 4
41. , , , , “SER

”, DC , 2009 4

3
42.  Yuji Kunitake, Toshinori Sato, Hiroto Yasuura, "Mitigating Performance Loss 
in Aggressive DVS Using Dual-Sensing Flip-Flops", 16th IFIP/IEEE International 
Conference on Very Large Scale Integration, Oct. 2008.
43. , , “

“, 2008, , 2008 9
16 18

44. , LSI
, ,  “ ”, Electronic 

Design and Solution Fair 2009, , 2009 1 22 23

/ 4
45. , “SRAM “ ,

, 2009 2
46. , “ SER ” , ,
2009 2
47. , “ SER ”,

, 2009 2
48., “SER

”, , 2009 2


