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Abstract Memory reliability is one of the key challenges for building Exascale supercomputers.
The faults of memory account for more than 40% of the hardware faults in computer systems,
and with aggressive storage density scaling in memory, lowering the supply voltage and the
increasing of the memory interface rate and the number of memory devices, the reliability of memory
device and transmission paths becomes more and more serious in exascale computing systems.
The error-correcting capability of traditional SEC-DED ( Single Error Correct/Double Error Detect)
hamming code can detect and correct random single-bit error, but is not able to correct burst errors,
which occurred commonly in supercomputer systems, so it cannot meet the requirements of Exascale
supercomputers for high reliability. Reed-Solomon code is a class of symbol-based polynomial
code with strong ability to simultaneously correct random errors and burst errors, which is widely
used in hard disk protection and communication systems. However, the complicated decoding
circuit of RS codes which can correct multi-symbol errors prevents itself from being applied to
memory-related architectures. In this paper, R-RS(Retransmission Reed-Solomon), a memory

reliability enhancement technology based on RS code and retransmission mechanism, is proposed.
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By carefully selecting primitive polynomial and parity check matrix, a RS code which has the lowest
hardware implementation overhead is designed,and the efficient and low delay parallel decoding is
realized through refined circuit design. A retransmission based on window order-preserving is
proposed to automatically retransmit the errors caused by the occasional faults in the transmission
link. The R-RS is able to correct up to four 8-bit symbol errors, and can effectively deal with
random single-bit errors or burst errors happened in transmission links or memory devices. We
utilize Design Compiler to synthesize the proposed design in 28 nm technology. The R-RS has
12. 5% storage overhead, and the performance overhead of the RS is 2-cycle latency for RS
decoding. The area of the R-RS only accounts for 3. 5% of the entire memory controller block.
Compared with a recent RS code based memory protection counterpart, E-ECC technology, the
correctable probability for 2-device burst errors and 3-device burst errors is improved by 83. 3%
and 109. 5%, respectively, while the mistaken correction rate is reduced by 97.8%. Using an
in-field memory fault model, we constructed an simulation platform in C language and simulated
the correcting ability of SEC-DED, E-ECC, and R-RS, the results demonstrated that the average
error correcting ability of R-RS is increased by 31% over E-ECC, and has an order of magnitude
advantage over SEC-DED. The retransmission function of R-RS reduces the system error rate
caused by memory system failure by 42. 1% in real supercomputer system. The R-RS was success-
fully applied in the new generation of Sunway Exascale supercomputer system, and increased the

mean time between errors of the whole system by 35. 3 times, indicating that R-RS is an effective

memory reliability solution for exascale supercomputer system.
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original <—0;
11. BREAK;
12. ENDIF
13.  END

14, IF (B==A") AND original THEN
15. GS<GSU{g(o))s

16.  ENDIF

17. END

18. RETURN GS;

F1 AEAXESTXNME LB TRERENEIRIEH=E

L5t i » %(ﬁi‘%ﬁ*%'ﬂ#ﬁﬁf’lﬁf&% A

x! kel x” ! x® x? x 1 e KA
glo)=28+ '+ +22+1 17 19 21 24 24 20 11 14 24
g()=a+2"+2*+tx+1 19 23 28 15 16 20 24 15 28
glo)=28+ 25+ +22+1 16 18 21 19 22 19 12 14 22
g(o) =25+ 25+ 2+ 22 +1 21 23 19 23 28 13 15 18 28
gy =28+ +2' +2+ 2+ a+1 18 20 17 18 21 26 27 15 27
g(o)=a8+2 +2+x+1 23 26 25 14 16 19 22 20 26
glo)=a8+ a0+ +22+1 26 31 21 12 14 16 17 21 31
glo)=a8+ 20+ +28+1 27 32 20 17 20 14 18 22 32
glo)=a8+ a0+ +2'+1 20 23 29 25 11 13 15 17 29
glo)=a%+a"+2?+x+1 33 11 13 16 20 24 10 28 33
glo)=a8+ 2"+ +a?+1 30 12 14 16 19 19 22 26 30
glo)=a8+a"+2°"+2+1 28 21 23 23 26 16 20 24 28
gy =8+ 2"+ +a+1 26 30 10 12 14 17 21 22 30
glo)=a+a"+2+2P+a2+a+1 28 26 14 17 21 12 19 23 28
gy =8+ +25 4+ + 2+ a+1 25 19 28 13 15 18 17 20 28
glo)=2+ 2T+ + 20+t + a2+ 1 18 21 25 30 23 27 14 16 30

P B A i 22 T 50T e 36 1 AR L
TR 17 (4 B o /D (R R 5 LAk D A i Bl
s 1 P S R AR A . ORI 2 Mo,

19“'7254 EP:‘[ET% 72 /I\{E'ﬁzy‘jit(z)qjﬂg Ao sdys**ty

an » RV a; (9 2 BN R Af 5 (2) 58 5 31017 i 5
2 R,
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Hik 2, KBHEMITR R E.
A A
i sao sar s van W B count _vec[[71:0]
1. DECLARE count_vec[ 255];
2. FOR i€[0,254] DO
3. count<—0;
FOR j&[0,7] DO
count<—count+AY 1 1R
END

5
6
7. count_vec i |<—count;
8
9

S

. END

. sort(count_vec) ; //FFEHEF
10. RETURN count_vec[71:0];

B o R H A RE Ao () 35 AR U B G
AT T A RS B9 0 IF AT R B A
DR 2R TR AT BAT S AR 1A A AR
4.2.2 RS m RO

TE 075 U B RS R T AT 19 3 AR 03 12
TEIRTRB) TR A SCTE I Z T JE A 40 AL R
FEBCTE S ST IR AT AR AE IR Y.

B A HT RS u= Cuo sy sup s oot
JE G v= vy s 5055

ausn)?éﬁﬁg’
9U575)9%ﬁ%ﬁ$%ﬂu%:2

NN
v=uG (4)
PEREZS 5= Csoos182 00 ose) Y ZE BT R
s=vH" (5)

AERORL S B 235 AR IR v = vt e AUt s =
vH =(+e)H =vH" +eH"=uGH"+eH"=¢H".

(1) T i ) e

XF T ICES I O AT S AT 2, AT DUAR Al s =
0 HI .

(2) BAT 55

AL DUHE S H BT 54 10 B Bl X0 2 =X (6D R
HRAE 2 (6) Hr 7 A~ 25 21 BT 1% DL HEA T JI T L B 1 1A

FERD s,.
s (A“)T=g,
S (A“' )T:SZ

156 (A" )T:S7

PRA b AR v, (AR A R TR R A R A
BIXE T4 i MFS (0==i<=71),F it 8 H T,
FRHEE s (A" +s WA, WSS« DAF S iR E R
0, JU) 58 B BLAF 5 5 DR 95 £ single_sig_err_ptr[i]=

(6)

1.4 M single_sig_err_ptr[ i ]|=0. #F single_sig_err_

ptr[ 710 WP AT — i 1 BB S5 R A4 T AT 5
B BT B PR S A R TR A 3 R

{s1,5,}

16

"~ kingle_sig_err_ptr

72

single_sig_err

single_sig_err_gra
-

K3 BTSRRI R B

(3) RUFT 5 i 22 PUAT 5 5 R A 00 -5 24 G

KT 5 55 22 DU A5 % 1 R 24 07 12 R P s iR o
Z WS A SO AT S 5 N AT R . =4S
B R DU AR 5 T 2 AR T 3k S B

KR 5 1) PR 2R IE

so—=e,te;
si=e (A“)T+e (AY)"
s;=e, (A" )" +e (A*)" D

s;=e, (A" ) 4e, (A™)T
FE AR E Z I 6 ()
c()=U—2(A“DTH A —x(A)T) (8
o () AR B R 52407 B 36, 3
6, = (A +AY)T,

62— <Au’+u’ )t 9
A Q) A fL i Ny
c(x)=1+0,, 0t 6,.,2° 10
mR (DO AHES I
$162.1 1T 5062, =5,
{ 1 1 002 (11)
. 520'2.,1+510'2.2:Ss
A f AT
o 818518,
Bl s, T8 s (12)
. S0S; 818
ZS
6'2.<>:s<>sz+slsla
&2.1:s1s3+s2s29
G, =508; 15,8, (13)
I
J 62
61— =
G20 (14)
__ 02
022 =
0.0

W 6,0 A0, MK HE 1+ 6,02t 622" =
O,ﬂu%ffﬂiﬁ?ﬁ@ 6.0 +6'2,|l'+&2.21'2 =0. i Jx aﬂn
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R 62,0 =0 U Ui B BEA RUAF 5 4

BES R BRI REE X T3 M5 (0=i=
1) S B (AP O TRIAT ) T (E
FHE 620 T 000 (A )T 46, (A7) T HY
(B AN2RES  AAF S B O, U XUAF 5 4 DR 4 £
two_sig_err_ptr[ i |=1,% N| two_sig_err_ptr[i]=
0. W5 two_sig_err_ptr[71:0 B WAL N 1, H
RALA O, U U8 B S8 A A T OB S 4 AR S AT AR AR
T3R5 5% B RE S BURT 5 5 1R % 25 4 s 32 18

El 4 fios.
’5 two_sig_err
E

K LA B TR two_sig_err_pre

TR

4

T w0 1 y
T R -
=) [ et
: . 1—>}2
one-hot
3R > @ e
(X7 1 85 two_sig_crr_p'tr

B4 WS R B R

rs_decoder_in s ﬂ

A PR REEAHE B A& 5 FroR.

M A HAE (] R LA Y P AR T 2 A 4
GREER AN P VATE 2 EE S Vo i AN RS CR - o
VAT HE AL BRI , 2 TR T 22 ISR g 2 X 28
B 10 A 2 B B TT . TR A 1 1 % S K S E AR I
HEAT RGP 4K 4 AL R g% 00 A 153

(D) B R A B 22 70 2R BT 33 0 PR A 5 R
R S AR BB AR S D T 4 ) F B S O R B o ]
RE /D 22 100 23R vk B 0 1 Bk L DY UG 7 R B s T
b AR SO AR A R R A AT R R A
P — TS I 2 BT T A R RO S5 R
P 4% B 52 R T R D2 SR L DA T A AR R B O L
FEL g% 1 A

(2) Z23 3 USRS SR R LA O L LA 9 e 53
¥ o TR 2R A 22 05 50 BE LS B /N T B A8 R

(3) & BRI 73 v B LAl 00 R 7 5K AR 4 2 4R
RE RS 2k e 2R A0 B 2 I R BO S oo
FE B 5 A0 5 1 A0l & L 3 5 AT G 1932 45 4E
B AT BE S 1.

> XH' >l
]

576 64
i AbFR
7232
KT
i AL
7232

=)

more_sig_err

L———— M e——> single_sig_err

T rer—— double_sig_err
r@M——> three_sig_err

Mh——————— four_sig_err

pALY v

{err_sig,err_gra} N 72

> » err_sig

—» err_gra

Hdlibr

512

rs_decoder_out

A 4

512

B 5 RS %R 2 AR K

i 3 R A0 Ak R A L BT R REAE 2 A 58
BLRRG | 1A% G 0 BR AT R T BT 0.
4.3 ETEHORFHEERR

RS fith i A 11 2 4 58 7 T DA i b AR IE 79 A7 R
B A7 it F0 B8 Ml A i 1) T R L R, B DRAM
Fz 11 1) o S22 W 1 e s i 2 Mtk A7 5 1 T )
L & TR 3 AT L HT — 4% SDRAM 2 11 B i 4n
DDR4 , HBM"™H ZE #0358 fin 7 i 4 bk 15 5 16 42 56 4L
il s I B B0 68 A A 45 A B 4 T 2845 B AT X

i A M HE A 5 0 SR ) U B A B I e T RE 2
Wi ) 22 4~ DRAM G . 723X Rl 00 F - 3 80 19
FEBRAR T AEA HH RS A% 1) 24 45 BE J1. BT X X A1 O .
ARSCAE RS 1 A9 FEAL E 3t 7 — Bl T8 ORI Y
HAR TR AR5 58 4 1 VA7 PR 3P BIL .

BT RO E AL BT 2 R LT LA ]
(1) T AL B AE A7t 42 4% P O 17 B 5 (2) FE AR B
A B AL HLE 5 (3) UiAr = 55 19 10 56 2 A0 F Ak B8 %
T DRAM {76l % - b2 0935 U5 A7 3 55 2 1647 fik
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5 1 2% o AR 48 A % 19 DRAM. B 380 % 3 g DRAM
4 R )55 DRAM 1758 B, 38 % — A Vif7- 5 55
it B 2 A DRAM 1 4ok Se 8. B A
P R B B AL B FF . — R R EF S5 2 M7 &
1%, 5 — PP A Ay A J2 T EAT AL A A 2 T
1 FLAT T A% sf ) 4 e 1 G 0 R T 0 S TR AN 1Y
DRAM (4R 25 F0— B B[] P9 114 iy 2 )3 41 AS ) 52
. AL R TR B DR A R, AR A R A
[F1] T 55 % 22 G0 M 8 152 Al 8 /0, DR A SR AR
FE)JAMMATES. FHEREMLNTELEEE)
F55 & H B 58 8 1R AT WA &R DR A R
AR D TE B RS, 5 AT AL O T AR
R v 2 1) KN o T AT RS i o7 R AT R T
V= 55 Pr o0 LA A I 7

FAEBRTEELNEIY FEAPIF: (DRS
i 1% ALy S B 4G 0 3] RS A5 AR 0] 24 1 A 45 4% (1 0 1%
o I R S R T B 2 R B R D s (2) B
DDR4 4§ 3 35 DRAM 7 iff i A5 0 2 i 4> H 4k 4% 5
R HH CRC MU A4S, IR . 314 4 B 55 4 35 41 0
TSR A 50 T 5 R A 6 2 L DA B o A bk £
ST W) T AL B . A A M bk {5 S A 56 T RE
EEX DRAM i 4 JE 47 8 56 1%, 5% FH Bt o) 7 10 19
5 45 OQ IRk Ok, 21 M) 3] i 4 b bl K B 2R
R, BIE A IE AR RAT 3 45 (2 455 e B DRAM iy
A B S I B SE A 45 ) A0 B AT T AL XY W
#| DRAM 3R [l 5 %4l CRC 56 85 1) ir A IE 76 &
TS S5 5 0l B AT F AL s 6 P 5. i T Hom
A SR B 1, LT AL A 1 S S T

1 A H ) R 9 1 A AT AR 1 1 1
TS G b B 5 K B 1) A 4

(1) R H41k A9 32 )5 5 (RAW) V55 (WAR ) |
5 g B (WAW) iR T LR T 5

(2) 5 55 55 [A] 0] 58 B 1) g i Ak 4 5

(3) —Fp AR 55 45 5 5y — b S 55 55 58 A
T ESF H1 B A A 2

(4) 225158 U8 [ I 412 6% f) 71 Kb L.

Bl X a3k — ) R, AR SCHE 3R TR DR Y I E AL
B, 15 0%, FE EAE R B B RATER i LR AT K
AT T K B & 0 55 S B 22 v, S i S
55 INGZ DR . X F I R 0 IE H S 55 L A0 A
HERSZ i H 5 A7 RAW WAR 1 WAW
SR MR pp e SR (D) AL R h A I AE
W EAL M55 (O AR =k v o, (3) J5 2

YEPR AT R 0 AT R 2 OE H 55 O EUKE LR i #)
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i 3 7E T AL R 3 55 1 AT R PR o
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5 iffE5aMH

AT Verilog i 5 S8 7 #4> R-RS 7 &,
{#i il Synopsys 2 ) i) Design Compiler T.E.7F 28 nm
L BRIT S BEAT 255 JF AT T BURT I e 3 A L
i Cadence TES15 T HXHQH #E 47 T 58 850 % 0¥
fili. [ C o 5 # T  BE LR R He | i B
B R IR T AR AR R R 45 2R L A A
(0 21 55 RE I B0 L ERBE L S5 A N [&T 8 Ji 7 L 1% BR B
A LA e RCEC 2 03 BT A5 R 2 B 1) 2 4 B

i
TEA
g | AN Ao N
iR N e L
b

B8 G L0 BB 0

AT AT SE M MR DR B X R-RS #E 170
543 BT » 26 #% SEC-DED, E-ECC* [ SSCMSD 1@ ff
h LB 42
501 FAIEEDH
5.1.1 ik 2l 5% RE S0 B

M4 4 753 B2 i, SEC-DED H fig 4 1F B by 4l
,SSCMSD AT AL IE 18 M S AT 1 4T 548,
E-ECC 7] LA IE 36 AP 5 AL 2 DAY 545,
R-RS A A IE 72 M4F5 AL & 4 97555 Al
FHHEFNA A () Fn i, BT DU SEC-DED E-ECC
1 R-RS B Xf AN [6] J50RE 55 1 24 85 R n & 2 By
7 R RUBURE 28 K A RN = 0k 28 K A AR 2 el
3 AN URE B B AL 28 KA S B UKL AT B AL 8 B
L~4 A5 55 NP ] LA H, E-ECC f1 R-RS
#HRE 100 0 2 IF HLHURL 8 K4, B3 5230 T Chipkill
IfE  AHE X T XURURL 28 K 45 Tl = UKL 98 K 51
T AL R-RS 1 20485 fig Jy i & T E-ECC, 43l &
1. 833 £ 0 2. 095 £4.

R2 TEHBARMLEEE

R SEC-DED/% E-ECC/% SSCMSD/% R-RS/%
PR B AL 100 100. 0 100.0 100. 0
TRUSORE 98 R 0 100. 0 100. 0 100. 0
MR 58 % 4ty 0 40.0 22.2 58.7
= BUORLSE R 0 5.0 2.8 10.4

5.1.2  gmi% iR o R 4587
X RS 5, 6 T8 2l H5 RE ) A5 1%, il RE

AR BT 3T 0T 2 0 55 0 2 B L 3 A s R
n+ 1 A R A 1 AR
XHF RRSZ A LA 4 DRS4S FF 548
PR A 5554 AR Ry
_CL DG
C,(2°—1)°
X T E-ECCL i Z Al KL 2 NS48 .3 45 5 4
BRI 2 F55 55 AR Ry
_CL@2* =D
Cis(2°—1)°
X F SSCMSD. s Z /] U8 1 MF5 4.2 775
FERORZN R 1 FF S HE I RE RN
_CL2 =D
Cl(2°—1)*
{H& SSCMSD J5 % i fifi J§ T — 4> Hash 533
oK G T 24 5 1 L A o PR 0 R 4 A R A T R L
Hash {584 (HES, 45 1 250 1. 46 X101, = Fh 4 g
MR A R a5 3 FT/R. B R AT WL, R-RS 3 4 i %
¥k E-ECC 19 2. 2%.

=1.81X10" (15)

5—>4

=8.12X10"° (16)

3—>2

=6.27X107* (D

P2—1

K3 FEAEBARNRUME
SSCMSD E-ECC R-RS
1.46x10 1! 6.27X102 1.81x10*

Gy 5
A R

5.1.3  R-RS # %t 20 4555 Ry B 45 R

Sridaran % A" i 75 T #0E H- DRAM 174t 2%
ARIHE R R 43 A, & 4 Pros. Nl LE
W 2 — AN A A B2 (49. TV 1Y
B O LR LA A5 R B Y £ LU R AR SR
1 R-RS JE F 5 rank, 2 rank 535225 B ) 4 5
rank & FF. 5 0 EE 7 A0 TF ARG 4 IR B . B BRSO
FHEEMESE N o, 70 BRFR 4 R 45 10 4% B 2 A0 4 1%
(4 43 A BEALAE B 10 000 000 Fft 576 437 5 8 A 4 1%
B AL 55 45 R e =00

x4 RIEASHH

EY ¢ 5 i/ %%
LN 49.7
B 2.5
H5] 10. 6
HAT 12.7
LRI 16. 3
EAIN 2.5
Z HE (rank) 5.5

MR 1/2 BOMER O B ECARR RS 57T 5 2
B 3 A1 248 5Y o3 A AR DAY L BE AL AR A

O W TSR E A x4 FURL AN BE B HE HRE A SC POl I
FAHEF] x8 Wik HEAT L
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AR PE =R F Y o« FEAT5 E L 43R 0. 01,
0.001,0. 00001, = F 2 4% i g B T 24 1E %) Eb )
5 s, Mz rpoar IR B U g 458 . (D X T4
A o fH . E-ECC il R-RS 4] 45 i 2h 1Y b ] 46 2 % 5
5 SEC-DED; (2) 7£ =F& &L T « R-RS 5 Ty i Le 1]
#E F E-ECC; (3) SEC-DED {3y {14 H. 5] - V% 75 bt
H o BFEARTTE Z R TF (4 24 «=0.01 B}, E-ECC
M R-RS B2 1 Ee B & F 902, 24 o= 0. 0001 Hf,
E-ECC #l R-RS i Hy i) b 4 42 305 100 %6, 3 & 3 1
E-ECC #l R-RS 7E 4] 2% Fh A BUAE J7 M 1) 45 5 BB )
2 F SEC-DED.

x5 TEHRBHENFERINE

a SEC-DED E-ECC R-RS
0.01 0.459124 0.915015 0.934352
0.001 0.495632 0.991288 0.993377
0. 0001 0.499652 0.999114 0. 999333

M4 22 5 H gk . v DA = R e s O
B0 MR 6 . o] LG H, 78 = Fh a5 IR A %
T.R-RS B RFEHAALT E-ECC. 2 o %F 0.01,
0. 001 F1 0. 0001 B}, R-RS ) 2 45 & 1143 31| /&= E-ECC
) 1. 29 £ .1, 32 {5 F 1. 33 4%, 43 I & SEC-DED f#
8. 24 f% . 76. 15 % F1 750. 15 f%. XA B+ R-RS 7
LY 48R 71 7 T AR

x6 TRHMBIRMEYLE

RHE

“ SEC-DED E-ECC R-RS
0.01 5.41E-3 8. 50E-4 6.56E-4
0.001 5. 04E-4 8. 71E-6 6. 62E-6
0. 0001 5.00E-5 8. 86E-8 6. 67E-8

5.1.4  SEPRIEATRR

A SCHE ) R-RS HAR7E B [E 7™ A AL 21 45
SEHIE R R AR TR — A E
LRG D, H— Rt E B EWERT BT
3200Mbps DDR4 x8 ki, 7E1%Z R Gi v . (1) 3 i 52
IRE AL ARG RS 2R A7 RATLZE BITE 2 DA
A 38N ERAETVIFEML A 22 A7 A0
T RGP, 540 16 A1 GBS EAAG R T B
B RGIER BT, BT REMS R G HUiFF 800
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Ige A 1% 58 SEC-DED 3 G (4b B &5 19 47 fiff 42
il 25 ST 2 b g i, T KRR R SR i L
FAASTR 1 9 % 07 480 1938 47 801 b fii I SEC-
DED (¥ ¥ Jo i iz 17 B 81 29 24 1. 9 ho ffi i R-RS
Jei R TC MBS AT I ) B 5 3 T 24 69 h, w4
T+ T %y 35. 3 1.

5.2 THEESAR
5.2.1 AL XERE Y

ALY T KO B B A 2 R BN Y Ak
FRATHO AS ik 5 A% BIL ) HE 23 B ZE D5 TR AH ] 3 ik 14 7
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(i) ] — > 3k 1) 5 A AR 2, D AR A8 IR 28 2y 14 A
AEAE I B 3 A o 3 A 7 A7 B A 7E S B op LA
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o 1k A F AR AL AN 235 W AE SR 55 Y Al 5
RO TR R B IR AL — R E AL R 1Y 2y 17
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i VA7 et T A% 22 0P IR BE 1Y) B2 ) AR SO 3% 22
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it B0 d (1) DRAM UKL E (9717 58 10 %R WA 1 2%
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KT TEAFEBAREMER
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Background

Exascale computer is an important milestone in high
performance computing. Many countries and organizations,
including U. S, , Japan, E.U. and China, have proposed their
development plan of exascale computing. Reliability especially
the memory reliability is one of the toughest challenges in
constructing exascale systems due to the facts that (1) the
memory capacity explosively increase, (2) the memory interface
rates improved greatly, and (3) new technologies such as 3D
stacking and lower supply voltage are adopted.

In order to solve the reliability problem of memory, the
industry adopts the error-correction code (ECC) technology
to tolerate memory faults. Currently, the mainstream ECC
technology used in the server field is single error correction
double error detection (SEC-DED) hamming code which can
detect doubles error and correct single error. SEC-DED has a
strong ability to correct random single-bit errors, but it cannot
correct burst errors caused by memory faults, which often
occur in supercomputers. Therefore, many supercomputers
adopt Chipkill coding technology with stronger error-correcting
ability. Compared with SEC-DED, Chipkill technology can
significantly reduce the failure rate of computing nodes.
However, current Chipkill technology still has some short-
comings when applied in exascale computing, such as perform-
ance loss caused by additional read and write operations, or
insufficient ability to correct random errors, or cannot protect
the transmission of commands and addresses. In addition,

with the increase of memory interface rate, the error in
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commands and addresses lines are becoming much severer.
For example, the command/address parity check function is
adopted by DDR4, HBM and other high performance memory
interface specifications. Traditional memory protection schemes
in memory controller don’t deal with it.

This paper proposed a memory reliability enhancement
technology based on RS code and Retransmission mechanism,
R-RS(Retransmission-RS) to meet the reliability requirements of
exascale system. It can not only correct errors happened in
data transmission links or in memory devices, but can also
recovery from error happened in command/address transmission
links, which greatly improve the reliability of memory access.
Compared with a counterpart memory protection scheme,
E-ECC., its error correction ability is improved by 83. 3% and
109. 5% respectively in the case of 2-device burst errors and
3-device burst errors. R-RS has been applied in the new
generation of Sunway exascale supercomputer system and
increased the mean time between errors of the whole system
by 35. 3 times.

Our team has been working on the high-performance
computing and processors design. We have developed several
designs for active and passive fault tolerant techniques on
home-grown heterogeneous many-core processor architecture.
We have developed several designs for active and passive fault
tolerant techniques on home-grown heterogeneous many-core
processor architecture. Such as independent and coordinated

lightweight error recovery technique.





