
!

!

Resilience through Self-Configuration 
in the Future Massively Defective Nanochips 

"#$%&!'()!*!+(,-.,!/(*0123!425&#!6$772%!+(.,!/2(5!8&7(%!+(.,!(59!:;23!6&$1<2%!+(.!!

(a) LAAS- CNRS, Université de Toulouse, 
7 av. du Colonel Roche 31077 Toulouse, France 

(b) Department of Microelectronics and Computer Science, 
Technical University of Lodz, Al. Politechniki 11, 93-590 Lodz, Poland 

{pzajac, jacques.collet, jean.arlat, yves.crouzet}@laas.fr 

!
Abstract 

This paper addresses the resilience challenges in the 
future nanochips made up of massively defective nanoele-
ments and organized in a replicative multicore architec-
ture. The main idea is to suggest that the chip should work 
with almost no external testing or control mechanisms, 
using a self-configuration methodology to ensure the resi-
lience of operation even in the presence of a significant 
fraction of defective cores. By self–configuration, we mean 
self-diagnosis with mutual tests, self-shutdown of inactive 
cores and self-configuration of communications. We study 
the efficiency of the proposed methodology and show that 
the method is applicable up to a fraction of 30% of 
defective cores in the on-chip network.  
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Figure 1: Example of a 9x5 node network architecture 
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9#(@5$3#3G!N$&!3(?2!$F!*$5*#3#$5!_ZZ`!(59!N8Yj=:!C#77!
-2!925$%29!(3!_!(59!N,!&23B2*%#;27A,!(59!m!E2(53!%>(%!%>2!
&2317%!$F!%>2!9#(@5$3#3!#3!15B&29#*%(-72!+#G2G,!2#%>2&!_!$&!N.G!!

Actual 
state of 
core A 

Actual 
state of 
core B 

Diagnosis for 
core A made 

by core B!

Diagnosis for 
core B made 

by core A!

GOOD! GOOD! GOOD! GOOD!
GOOD! FAULTY! X! FAULTY!

FAULTY! GOOD! FAULTY! X!
FAULTY! FAULTY! X! X!

X means undetermined diagnosis, possibly GOOD or FAULTY. 
Table 1: Diagnoses using mutual testing  

M%! %1&53! $1%! %>(%! %>2! 9#(@5$3#3! _Q_! E(A! *$&&23B$59! %$! (5A!
*$E-#5(%#$5!$F!&2(7!3%(%23!#5!%>2!327FQ%23%!(BB&$(*>!+5(E27A!_Q
_,! _QN,! NQ_! $&! NQN.! C>2&2(3,! #5! %>2! E1%1(7! %23%,! %>2! 3$72!
B$33#-72!&2(7!3%(%23!(&2!_Q_!$&!NQNG!!

S1%1(7!9#(@5$3#3!E(A!-2!1329!%$!3B7#%!de facto!%>2!*$&2!(&&(A!#3!
32;2&(7! <$523! %>&$1@>! %>2! F$77$C#5@! #3$7(%#$5! E2*>(5#3EL!
C>25! (! _-*$&2! +#G2G,! (! *$&2! #5! (! _! 3%(%2.! *$5*71923! %>(%! (!
52#@>-$&! #3! F(17%A,! #%! 3%$&23!(!l$$72(5!;(&#(-72!#5!#%3!E2E$&A!
+$&! B$33#-7A! #5! %>2! &$1%2&! E2E$&A.! %$! #5>#-#%! (77!
*$EE15#*(%#$53!C#%>!%>#3!52#@>-$&G!M5!$%>2&!C$&93,!%>2!_Q*$&2!
2D2*1%23!(!7$@#*(7!#5>#-#%#$5!+5$%!(!B>A3#*(7!9#3*$552*%#$5.!$F!
%>2!NQ*$&2G!N$&!#53%(5*2,!#5!N#@1&2!J,!6R]!C#77!*$5*7192!%>(%!6Rk!
#3!F(17%A!(59!#%!C#77!9#3(-72!(77!*$EE15#*(%#$53!C#%>!%>#3!*$&2G!
=>2!7#5?!-2%C225!6R]!(59!6Rk!%>2&2F$&2!(BB2(&3!(3!9(3>29G!=>#3!
(77$C3! _Q*$&23! %$! -1#79! 1B! $52! $&! 32;2&(7! 3#EB72Q*$552*%29!
<$523! +T6'.! #5! %>2! 52%C$&?! 25(-7#5@! F177! B&$B(@(%#$5! $F!
E233(@23!-2%C225! (5A! %C$!*$&23! #53#92! 2(*>!$F! %>232!<$523G!
=>2!-$&92&!$F!(!T6'!#3!E(92!1B!C#%>!NQ*$&23! +9#(@5$329!(3!
F(17%A! -A! 52#@>-$&! _Q*$&23.,! (59! *$5320125%7A! 7$@#*(77A!
9#3*$552*%29G! M5!%>#3!(BB&$(*>,!%>2!T6'!25*7$3#5@!%>2!MZ"!#3!
23B2*#(77A!#EB$&%(5%!(3!(77!*$&23!$1%3#92!%>#3!<$52!(&2!7$3%!F$&!
%>2! B&$*233#5@G! N$&! 3(?2! $F! *7(&#%A,! 72%! 13! &2F2&! (@(#5! %$!
N#@1&2!JG!=>2!9$%%29!<$52!#5!%>2!%$B!72F%!*$&52&!3>$C3!(!*713%2&!

$F!*$&23!9#3*$552*%29!F&$E!%>2!E(#5!T6',!C>#*>!(&2!7$3%!F$&!
B&$*233#5@G!=>2! #3312! #3! %>(%!3$E2!*$&23! #5!%>#3!*713%2&!(&2!#5!
%>2!@$$9! 3%(%2! -1%! 7$3%,! 322! *$&23!6UJ,!6XJ!(59!6UOG!=>#3!C#77!
-2*$E2!23B2*#(77A!B&$-72E(%#*(7!C>25!PF!#5*&2(323G!!

83!C2!B&2;#$137A!3%&23329,!(77!*$&23!#5!(!T6'!(&2!#5!%>2!3(E2!
3%(%2! +#G2G,! (77! *$&23!(&2!@$$9!$&!(77! (&2! F(17%A.G!=>#3!B&$B2&%A!
>$793! #5! B(&%#*17(&! F$&! %>2! T6'! 25*7$3#5@! %>2! MZ",! C>#*>!
#5*71923! %>2! *$&23! %>(%! C#77! 2D2*1%2! %>2! B&$*233#5@G!
Y5F$&%15(%27A,! %>2&2! #3! $52! B2&5#*#$13! #3312! #5! %>(%!C2! 9$5[%!
?5$C! %>2! &2(7! 3%(%2! $F! %>2! *$&23! #5! %>#3!T6',! 2D*2B%! %>(%! %>2!
B&$-(-#7#%A!%$!@2%!(!T6'!C#%>!n!_Q*$&23!$&!n!NQ*$&23!#3!"!+J!n!
PF.n! $&! !"! PF

n ,! ! &23B2*%#;27AG! =$! &2E$;2! %>#3! (E-#@1#%A,!C2!
31@@23%! 2D2*1%#5@! (5! 2D%2&5(7! 9#(@5$3#3! $F! %>2! sole! MZ"! %$!
E(?2!31&2!%>(%!#%!C$&?3!*$&&2*%7AG!Y7%#E(%27A,!327FQ9#(@5$3#3!#3!
5$%! *$EB72%27A! (1%$5$E$13! (59! &201#&23! (!E#5#E(7! 2D%2&5(7!
%23%!F$&!*>#B!;(7#9(%#$5G!

4 Self-configuration of communications 
=>2!3%2B! %>(%!C2!*$53#92&!>2&2!*$53#3%3! #5!9#3*$;2&#5@!%>2!
&$1%23!*$552*%#5@!%>2!MZ"!%$!_Q*$&23G!i2E2E-2&!%>(%!;(7#9!
&$1%23! (&2! 15?5$C5,! -2*(132! %>2! %$B$7$@A! $F! %>2! T6'!
#5*719#5@!%>2!MZ"!#3!a priori!15?5$C5!(59!-2*(132!#%!E#@>%!
-2!52*233(&A! %$!E$;2!(&$159!+*713%2&3!$F.!92F2*%#;2!5$923!
C#%>#5! %>2! T6'G!d2;2&%>27233,! %>232! &$1%23! (&2! *&1*#(7! F$&!
*>#B! $B2&(%#$5,! (3! %>2! MZ"! C#77! 132! %>2E! %$! (77$*(%2!
#5*$E#5@!%(3?3!%$!#972!*$&23G!=>2!-(3#*!#92(!%$!2D2*1%2!%(3?!
(77$*(%#$5!(%!&15%#E2!#3!%>(%!%>2!MZ"!3>$179!#5*7192!(!buffer 
of valid routes! +oil.! %$! %>2! #972! *$&23,! 3$! %>(%! %>2! MZ"!
(77$*(%23! #5*$E#5@! B&$*23323! -A! 32(&*>#5@! (! *$&2! #5! %>#3!
-1FF2&G! ZF! *$1&32,! %>#3! -1FF2&! #3! #5#%#(77A! 2EB%AG!
6$5320125%7A,!&$1%2!9#3*$;2&A!E13%!-2!2D2*1%29!(%!3%(&%1B!
%$!#5#%#(7#<2!%>2!oilG!H2!923*&#-2!#5!T2*%#$5!UGJ!%>2!&$1%2Q
9#3*$;2&A!B&$%$*$7G!!=>2!2FF#*#25*A!$F!%>#3!B&$%$*$7!#3!%>25!
3%19#29!#5!T2*%#$5!UGOG!

4.1 Contract net protocol 
i$1%2! 9#3*$;2&A! #3! (*>#2;29! -A! E2(53! $F! (! contract net 
protocol!+6d".!-(329!$5!E233(@2!E17%#*(3%!IhK,!C>#*>!*(5!
-2! %AB#*(77A! 92*$EB$329! #5! %>2! %C$! B>(323! +&20123%!
2E#33#$5!(59!(*?5$C729@E25%.!%>(%!C2!923*&#-2!>2&2(F%2&G!

4.1.1. Request phase:! N#&3%,! %>2! MZ"! 2E#%3! (! request 
message! +iS.G! H2! *$53#92&! -&$(9*(3%! 9#FF13#$5,! C>2&2!
2(*>!5$92!F$&C(&93!2(*>!#5*$E#5@!iS!-A!*$BA#5@!#%!$5!(77!
7#5?3! 2D*2B%! %>2! #5*$E#5@! 7#5?! IJWKG! l&$(9*(3%! B&$%$*$73!
(&2!31**233F17! #5!9#3*$;2&#5@!&$1%23! +C#%>!>#@>!B&$-(-#7#%A!
(3! C#77! -2! 3>$C5! #5! 32*%#$5! UGO.! %>(%! E$;2! (&$159!
9#3*$552*%29! <$523,! #G2G,! (&$159! <$523! #5*719#5@! *$&23!
9#(@5$329!(3!NQ*$&23!#5!%>2!E1%1(7Q%23%!B&$*291&2!92B#*%29!
#5!T2*%#$5!OG!

4.1.2. Acknowledgment phase:!P(*>!;(7#9!5$92!&2*2#;#5@!
%>2!iS!32593!(5!acknowledgment message!+8S.!%$C(&93!
%>2!MZ"G!_7$-(77A,!%>2!51E-2&!$F!8S3!&2%1&5#5@!%$!%>2!MZ"!
#3! (3! 7(&@2! (3! %>2! 51E-2&! $F! *$5%(*%29! 5$923! #5! %>2! T6'!
25*7$3#5@!%>2!MZ"G!4$C2;2&,!%>2!8S!#3!5$%!-&$(9*(3%G!H2!



!

!

31@@23%! &(%>2&! %>(%! 2(*>! %#E2! (! 5$92! F$&C(&93! %>2!iS! #5!
B>(32!J! $F! %>2!B&$%$*$7,! #%! (993! #5! %>2!iS! &$1%2! F#279! %>2!
#5B1%!(59!$1%B1%!7#5?!M`3G!N$&!#53%(5*2,!F$&!(!3*>2E2!C#%>!U!
7#5?3! B2&! 5$92! (3! #5! N#@1&2!J,! $52! E(A! *$53#92&! %>2!
F$77$C#5@! *$9#5@! M`d$&%>pWW,! M`P(3%pWJ,! M`T$1%>pJW,! (59!
M`H23%pJJG! 8! 5$92! (99#5@! WJJJ! %$! %>2! &$1%2! F#279! $F! %>2!
&20123%! E233(@2! %2773! %>(%! %>2! E233(@2! *(E2! #5! %>&$1@>!
P(3%! (59!C(3! F$&C(&929! %>&$1@>!H23%G!d$%2! (73$! %>(%! 5$!
(-3$71%2!5$92!(99&233#5@! #3!522929!#5!%>#3!*$EE15#*(%#$5!
(BB&$(*>G! M5! %>#3! *$5%2D%,! %>2! 8S! #5! B>(32!O! 3#EB7A!
F$77$C3! %>2! iS! &$1%2! #5! %>2! $BB$3#%2! 9#&2*%#$5,! C>#*>!
9&(E(%#*(77A!7#E#%3!%>2!51E-2&!$F!&22E#33#$53!*$EB(&29!%$!
%>2!-&$(9*(3%!E2*>(5#3E!#EB72E25%29!#5!B>(32!JG!

N$&!*7(&#%A,!C2!#7713%&(%2!#5!N#@1&2!O!%>2!E1%1(7!%23%!(59!%>2!
&2317%#5@!7#E#%29!B&$B(@(%#$5!$F!%>2!iS!*$53#92&#5@!(!JQ`!
52%C$&?!C#%>!\!*$&23!*$552*%29!%$!%>2!MZ"G!6$&23!J,!]!(59!
\!(&2!92F2*%#;2G!

C

1) Mutual test

2) RM propagation

RM RM RM RM
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Figure 2: Illustration of mutual test and RM 

propagation 

N#@1&2!OGJ! 3>$C3! %>2!E1%1(7!9#(@5$3#3!3%2BG!H>25! %>2!MZ"!
%23%3! #%3! 52#@>-$&3! +6$&23! O! (59! R.,! #%3! 9#(@5$323! %>2E! (3!
@$$9,!(59!%>#3!&2317%!#3!3%$&29!#5!%>2!MZ"!&$1%2&!C#%>!32%%#5@!
%>2! P(3%! -#%! (59! %>2!H23%! -#%! %$! _G!H>25! 6$&2! O! %23%3! #%3!
52#@>-$&3,! #%3! 9#(@5$323! 6$&2! J! (3! F(17%A! (59! %>2! MZ"! (3!
@$$9,!(59!%>#3!&2317%!#3!3%$&29!#5!#%3!&$1%2&!-A!32%%#5@!%>2!H23%!
-#%!%$!N!+F$&!F(17%A.!(59!P(3%!-#%!%$!_!+F$&!@$$9.,!(59!3$!$5,!
2%*G!8F%2&! %>2!9#(@5$3#3! >(3!-225!2D2*1%29!-A!(77! *$&23,!C2!
@2%! %>2! F#5(7! &2317%! (3L! m! N_! __! __! __!_N! mm! NN! m,!
N#@1&2! OGO! 3>$C3! %>2! B&$B(@(%#$5! $F! %>2! iS! (*&$33! %>2!
52%C$&?G! l2*(132! $F! %>2! 7$@#*(7! 9#3*$552*%#$5! E2*>(5#3E!
923*&#-29!#5!T2*%#$5!R,!%>2!B&$B(@(%#$5!#3!-7$*?29!(F%2&!6$&2!
X!#5!P(3%!9#&2*%#$5!(59!(F%2&!6$&2!O!#5!H23%!9#&2*%#$5G!

4.2 Route discovery efficiency 
H2!3%19A!#5!%>#3!B(&(@&(B>!%>2!2FF#*#25*A!$F!%>2!request phase,!
#G2G,!%>2!*(B(-#7#%A!%$!*$5%(*%!*$&23!#5!(!F(17%A!52%C$&?!;#(!%>2!
-&$(9*(3%!E2*>(5#3EG!!

iS!-&$(9*(3%#5@!C(3!3#E17(%29!13#5@!%>2!E17%#(@25%!3#E17(%$&!
S8TTOG!l&#2F7A,!S8TT!#3!(!H#59$C3q!(BB7#*(%#$5!92;27$B29!
(%! j88T,! C>#*>! *(7*17(%23! %>2! %2EB$&(7! 2;$71%#$5! $F! (5A!
3A3%2E! %>(%!*(5!-2!923*&#-29! #5! %2&E3!$F!*$2D#3%25*2!$F!3%(%2!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
O! 8!92%(#729!(59!*$EB&2>253#;2!9$*1E25%(%#$5!#3!(;(#7(-72!F&$E!
>%%BLffCCCG7((3GF&fr*$772%! %$@2%>2&! C#%>! %>2! B$33#-#7#%A! $F!
9$C57$(9#5@!%>2!3#E17(%$&G!

(1%$E(%(! +T8.G!=>2! F177! 923*&#B%#$5! $F!S8TT! #3! -2A$59! %>2!
3*$B2!$F!%>#3!B(B2&G!S8TT!C(3!31**233F177A!1329!#5!E17%#(@25%!
3#E17(%#$53,!*$EE15#*(%#$5,!B&2AQB&29(%$&!@(E23G!M5!%>2!&$1%2!
9#3*$;2&A!3%19#23!*$53#92&29!>2&2,!2(*>!5$92!#3!&2B&2325%29!-A!
(! T8,! C>#*>! F$&C(&93! #5*$E#5@! E233(@23G! 877! 5$923! (&2!
(*%#;(%29! #5! %>2! (3A5*>&$5$13! E$92! %>&$1@>! (! @7$-(7!
3*>29172&G!=>2!B&#5*#B72!$F!2(*>!3#E17(%#$5!#3!(3!F$77$C3L!
J.! =>2!3#E17(%$&!&(59$E7A!@252&(%23!(!F&(*%#$5!NPF!$F!>$723!
#5! %>2! 52%C$&?G!4$723! &2B&2325%! %>2! F(17%A! *$&23! 7$@#*(77A!
#5>#-#%29!F$77$C#5@!%>2!E1%1(7!%23%!B&$*233G!

O.! =>2! MZ"! 2E#%3! (! iS,! C>#*>! #3! -&$(9*(3%! (*&$33! %>2!
92F2*%#;2!52%C$&?,!F$77$C#5@!%>2!a>$%!B$%(%$23!F$&C(&9#5@b!
%>(%!C(3!923*&#-29!#5!T2*%#$5!UGJG!!

R.! =>2! B&$@&(E! *(7*17(%23! %>2!51E-2&!$F! 5$923!n! &2*2#;#5@!
%>2! iSG! =>2! (&&(A! table[NMAX]! #3! *&2(%29! (59! %>2! 25%&A!
table[n]! #3! #5*&2E25%29! 2;2&A! %#E2! 2D(*%7A! n! 5$923!
&2*2#;29!%>2!iSG!!

U.! =>#3! B&$*291&2! #3! &2B2(%29! %AB#*(77A! OGWWW! %#E23G! 8%! %>2!
259! $F! %>2! 3#E17(%#$5,! %>2! 25%&A! table[i]! 92%2&E#523! %>2!
51E-2&! $F! %#E23! i! 5$923! C2&2! 2D(*%7A! &2(*>29G! N$&!
#53%(5*2,! table[26]pJJW! C$179! E2(5! %>(%! %>2! E233(@2!
&2(*>29! 2D(*%7A! O]! 5$923! #5! JJW! 3#E17(%#$53G! =>2!
B&$-(-#7#%A! %$! &2(*>! O]! 5$923! #3! %>2&2F$&2! 23%#E(%29! (3!
B+O].pJJWfOWWWG!!

N#@1&2!R! 3>$C3! %>2!Probability that the IOP reaches at least 
the fraction η of cores!#5!(!52%C$&?!*$EB&#3#5@!JWDJW!*$&23G!!
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Figure 3: Probability for the IOP to reach a given 

fraction of cores (10X10 core network chip) 

=>#3! F#@1&2! B&$;#923! (! 01(5%#%(%#;2! (33233E25%! $F! %>2! +(5%#*#Q
B(%29.! F(*%! %>(%! %>2!E$&2!92F2*%#;2!5$923! +#G2G,! %>2!>#@>2&! %>2!
PF.,! %>2!3E(772&! %>2!T6'!#5*719#5@!%>2!MZ"!(59!%>2&2F$&2!%>2!
E$&2!9#FF#*17%!-1#79#5@!2FF#*#25%!E17%#*$&2!*>#B3!#5!%>2!*(32!$F!
E(33#;27A!92F2*%#;2!%2*>5$7$@#23G!S(A-2,!%>2!3#EB723%!C(A!%$!
2DB7(#5!%>#3!F#@1&2!#3!-A!C(A!$F!*$53#92&#5@!(!3B2*#F#*!2D(EB72G!
N$&! #53%(5*2,! C2! 9291*2! F&$E! B$#5%! 8! +m8!p!WG]\! (59!
:8!p!WGh].!%>(%!%>2!B&$-(-#7#%A!#3!(BB&$D#E(%27A!:8p!WGh]!%>(%!
%>2! MZ"! &2(*>23! (%! 72(3%! η!p!]\V! $F! (77! *$&23! C>25! %>2!
PF!p!WGOG! i2E2E-2&! %>(%! +$5! (;2&(@2.! #5! %>#3! *(32,! #%! #3!
#EB$33#-72!%$!&2(*>!E$&2!%>(5!η !p!\WV!$F!%>2!*$&23G!=>13,!%>2!
(;2&(@2! F&(*%#$5! $F! 7$3%! *$&23! +#G2G,! 5$%! #5! %>2! MZ"! <$52! (59!
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15(;(#7(-72!F$&!B&$*233#5@.!#3!(BB&$D#E(%27A!\W!n!]\!p!JOVG!M%!
*(5! -2! 3225! %>(%! %>2! 51E-2&! $F! 7$3%! *$&23! #5*&2(323! 01#*?7A!
C#%>!PFG!

N&$E! B$#5%! l,! C2! *$5*7192! %>(%! %>2! B&$-(-#7#%A! #3!
(BB&$D#E(%27A! :lpWGhO! %>(%! %>2! MZ"! &2(*>23! (%! 72(3%!
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Figure 4: Probability for the IOP to reach a given 
fraction of chip cores (30X30 core network chip) 
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4.3 Production yield 
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Figure 5: Estimation of the production yield 
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5 Self-shutdown of cores 
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Figure 6: Illustration of the self-shutdown method 
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