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Small Area Fault-tolerant Design for Arithmetic Devices
by Error-correction Code
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Abstract: Fault-tolerance is a key technology for equipments working in harsh environments. Combina-
tion of triple modular redundancy and fine-grained design shows high fault tolerance, but additional circuits
occupy large area resources. In this paper, we propose a fault tolerant design for the arithmetic devices
with small area resources. We focus on error detection and error-correction by error correction code. Our
method directly generates error-correction code for target arithmetic device from input data. Device failure
is detected by decryption of error-correction code, and errors by device failure are corrected by decrypted

results. We evaluated our method by implementation and simulation.
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1 Roving STAR 12 & % 2.
Fig. 1 Fault diagnosis by Roving STAR.
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Fig. 2 An example of fine-grained design.
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Fig. 3 Classification of error correction codes.

OFEIZ KB ENG., £, TNTHIZT VX LEDIZ
WS E N—Z MR IZEWTSRH D720, M3D&
DI TE S,

Ty IS BRAAFEIIONTHPT S, Ty
IREE, Oy MR (Tuyr) 2HMEL LUEKE
{btFEThD, Ty 2B ETHVWAREEORFSER,
TEROELY PR EIZHRAREm Y F2MAZn Y
hekB, Fiz, Tuyv 7B TESOUEE TS 72Ok
MITOUIEAARETH B, FT5En, THBOL Y MEE,
MOFTIEMREE Y Mt DT ey 25 % (n, k), HD\V
& (n, b, t) D70y ZFE LV, Tay RSO,
THERICMEFES2ZMIMUZE 4D &5 2RICR->T
W5,

—JiDEHMAAFFEIE, LHEREZERELZEY Mil& L
TEZ, BEOAWE Y be@RIZATEINEZHE Y b
PO EHEEERT 5. BAAATAE O S{LAHE T,
X 5(a) D & 5 RFFEEE A, BEOANTL Y b EFE
{LEDOHNIRIRFE 2, y ICX > TRHSEE Y, v BRESNS.
TTEHROEY PEEIMEETHY, EIZGUTHESERD
WEINE 720, FHPESLRIZRVKRHZET 58
AL, BARAAAFEOR SN, BIEOATIE Y
N BB ONEIRBIZ L o THESI N B 728, K 5(b)
DX REBERE® b L) AMETRI NG,

TURLGRY EN=A R IZDVWTHIHT S, UK
LFRD L, FED OB [ i D D3 <, BRI, B
DT HIRICRET B LS B E R o TWE. — /D
N—=ZANEDIET VX LY LTSRNz, 20 OB
IR 0 B 0, EHRIZHRET AETE £ 572<
FELURWEFRIZ> 00PN TWE XIS WEEE2RE->
TW5.

MOFTIERSIT L PR DML - ETEDHIE LT, NIV
IR 9] TOMIEE DU CRHIHT 5.

NIVIZFEBER, 170y 7%20 18y SO
CRTIERFTD 2L DTEDMVFTERN S THSE. NIV
HEOLHHOL Y NEE EFBEnIE, R (1) I2k-T
WEINS.

k=n—-m, n=2"-1. (1)

© 2015 Information Processing Society of Japan

/—- nEwk \
| 15 IEEEER
\ kEwh —/

B4 (nk) D78y 75O
Fig. 4 Configuration of (n, k) block code.
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Fig. 5 An examples of convolutional code generation.
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Fig. 6 An examples of random error and burst error.
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Fig. 8 An example of a multiplier.

e

(2222222 X2R 1

[}

T ;‘
L
oy

i e s

o] o= o i
L

ety

5 5 S S 5 S | BT

fom ) o o o o o o
7
o o e o o e s

D‘
iy
O+
{H
{H
H
{H
{H
H
iy

Qo594

0|5 o

D00 OO0 0000

(22322221

9 TREESEER O [l #E .

Fig. 9 An example circuit diagram for evaluation.
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Table 1 Experiment environments.
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Fig. 10 Circuit diagram of multiplier by proposed method.
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Table 2 Variables in waveform diagram.
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Fig. 14 Simuration for fault detection.
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Fig. 15 Simuration for error correction.
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