IP Core Library AIZ0| &2
Dedication0fl O| X

FMNE O Ao R

TA=20

o

D 2

3
51l

-¥ES

gd=+2 COTS SW
S g8 24
LA EREES

s 2

O
T [
oV

o

12 AKX o

0B
o

{jsjj0728, atang34, jbyoo}@konkuk.ac.kr, {choijg,jykim, jslee}@kaeri.or.kr

The impact analysis of using IP Core library to COTS SW
Dedication of Commercial Logic Synthesis tools

Sejin Jung®' Eu-Sub Kim' Junbeom Yoo' Jong-Gyun Choi? JangYeol Kim? Jang Soo Lee?

'Division of Computer Science and Engineering, Konkuk University
’Korea Atomic Energy Research Institute

A2 STHEIE FPGA JHEN AMIE2EsE AZE
gate-level CIXICICZ &MHol= I&s SHCF &
0l AFZolD| QolidE 228 JI=0 T2t &4

[e)

e

2 M, RTL(VeriIog or VHDL) 2 Z=&E CIXes
E

SINERE AXNSELUEAS CIXE HSHO AlA
Ede Jﬁ(COTS SW dedication)0| =84 | 0{0t

StCH. FPGA MHegols 2o 842 <l IP(Intellectual Property) Core libraryJl A2 € £ USH,

As 84 TF72 dedication Al IP Core library A& OIS0l CHoll D& Z It UCH
_‘

M= IP Core library AFS0] &2 &
1.8 &

AnBLEA A0 CXNE HEHOH AAE(I&C : Instrumen—
tation and Controller)@ &A1 Al2H0] SR8t otME
ANAgo=z, CIXIE HASHOAH AIAE JHZ0 ASde &8
ATEQN =2 ESE 25 ZTZNA(COTS SW Dedication
E M o4 A2AH0l LS T0o0oF SHCH1I[2][3]. 0I=
XSRS (NRC)2 M&HA ?OJ(EPRI) HAeE XY
A2 I&C AIAE Y =2 R =0l AZ3dtD| /s &4
(COTS Commerc|a|—Off—The—Shelf) ATEY L GHEHO
o o= WA CHoll Jtol=ekel (NUREG/CR-6421[11,
5652[2], TR-1025243[3] S)2 HMAlct2 QUL

=

IP Core librarye FPGA HZ0IA A BHod & S84
£ 9o Olel BoE JIist sz ctolEdel2M, OF&Dt
ANz AN LELA00 ALESH| fIdiM=E S8 248 BHEsS
HXOF StCH. SFXICH 0l248t IP Core librarydt A8 S&EF
A AFEXS SOoILt &0l Qi0] YoFOZ AIZECH, &
2 8T F9 dedication HEUAM 0l0 [HE F&Es 1

oo

roh

FCF.
ol 2 =20Ade FPGA JI8 CIXE I1&C Mg HR
[4]1[5]01 A Ol “‘Synopsys Synplify Pro’
Ol CHSIOd IP Core library AFZ OGS0 ol &els Sof
‘Synplify Pro’2l COTS SW dedication #=& Al IP Core library
Ot OIXl= Z&ol ol =4 otCH

T2 COTS SW dedication0ll OIXl= &0l ol 24 ot

ool & =201

A

2. BHE XA

ATE OO 215 (COTS SW Dedication)

2.1 &8 &
A2TZEOS S0 2= HE H J0IEdeLR

A=
S

o

= NP-5652[2],  TR-106439[6],  TR-1025243[3],
NUREG/CR-6421[1]01 QL. NP-5652& Oia &8 S
(Commercial-grade item)0| J|s2 #=8otJ| ol 2& =N
OF ot= Z4 S4H2 JIPCZ ot 215 2YHE MHEidte Z

ZHAE Hotortd AUCH 2l TR-106439
Jgtez ot AZEYNH & HUIo CHoi MAISELD RUCH
TR-106439 2t NP-5652= F=& YMAQ AIAEHN ANE At
o= 48 SSS0 Uol 8¥dt AN TR 10252430| =
JtEo=z Mot EIACH TR-10252432 Mg L =224, CIXAQl,
AE S Asde 2ZEYNH (BFH IZzH)9
dedication ==& O{=20i Jl& B1OA

tholl = Hot=
OICt. NUREG/CR-64212 &2 AIZEQINE &=z Mot
= IH0lEdeeZ, ATERNS HME SZ0l et It
1elE 2% = HE JsE s AESD AT NUREG/CR-
B4210IA ARGt U= ItHDel= IEC-61226(8]8 JIBt2
£ ot ULCH

2.2 IP Core library

IP Core library=FPGA JHEOIAM &HS HOHd L S
2 <ol 02l HoE Jisd 329 2tolEdelamM et
2 FPGA HE HIH €2 MIotn UM, MHNA 2
X 2= 39 party 2tol=22i2l E£8 =M &tCh &HXICH 2ol

=
=
(%S

iy
0]

g o IO 0x



delE AI2E
X0l CHol A &tol

=

XDt 1P Core library2l W22 & S

5 D1 g, L& EEHZE S&ot
A %22 Is40l D 2o CXE 1&C AIAE
20l IP Core libraryE AFE3t0XA &tJ] fdideE o d
M2EE ol BFEAl HSE cH0lEiclE AFSolOF .
Olefgt IP Core library AFSH S0 CHEH LHE2 AtEdtdd=
SWE| dedication =& Al BtEAl A TI{OF StCH.

3. IP Core library AFE 2te & H& U 24 Sty

=

50
o 1o o

2

3.1 IP Core library AIS 28 & A&t
A E§HEF= FPGA JHEO A RTL design2 Gate-Level
design@2 H&tol= &4(Synthesis)2 2=8ols =2 M,

AZ SHEZF0A IP Core libraryE AFE236H0 482 g
£ UAs AR =2 2 JINZ 2FolYULt.
1) CIXFCl SAHOIA AtESt IP Core library &4
2) SFH &R A9IZ IP Core libraryE AF20l0d &4
1), 2)H 22+ A= et IP Core libraryQl AF=Z0| &A=
&4 T2 dedication0ll OlXl= F&2 AHEN s &
Ch. 1) b 20l CIXel SHOMAM AFZE IP Core library2l A

f e ctolBeiele OXelol &EX0l, CIXel Chate
verification &0l =& &Ctn & £ QT 1 Olges CX
ol AFE TIO{0F2H IP Core libraryE AFEalD| MHE0ICH M
2tA 1)0l sHEZl= IP Core library AF22 &4 E319 COTS
SW dedication Erys

28 Al O|XlE FE0 b g & )
BILHE 2)8 It 22 MEES E§4E72 JIs, s o
S0 g = QUCH CIAell &2H 80l 879 Jisez
ArE3te 210101 ME0ICt 0 2R &ESH$HTF2 COTS
SW dedication M&EONA IP CoreAts0l CHE

g H2 g4 HEUAM A

0o
0
i

3.2 IP Core library A28 24 2
3.1 OlM &8 d"iet 201 &4 WENAN S8z o=z
IP Core libraryE AISE HS2 COTS SW dedication =81 Al

solgtn dolior & HOoI =X S Il 20 a2
ST 19| dedication 28 O|&0l BFEAl IP Core library Al
20 L YUY S0l ol &olol 2L otCt. ol 2 =20

AMe FPGA DJ|Et 2IXEEMA CIXAE HSHO AIAE Jig
Ol At=2= 8td =391 “Synopsys Synplify Pro[7] 0l THoll IP

Core library AtE 05 =2l 0 & dedication0ll OIXI
= 98 242 +™ 5tJ| <ol 2 JtXl Y2 0l2 otAL

HOBHW Y2 2lolB22lE AMESt IRl 2ol d 2l
£ ME0X % 22 JIs2 ot=E &H4E Verilog CIAL
o g4 ZANE HlwW dt= YHYOICH O gE¥H2 & ZUE 4
WEeZN 22 s&H=S +dot= HOIE &ds <l 2tolE
delE AtEot=Al R E =2l ot= 2™ O0IC

S oM gEHe AM AEE= Verilog CIAClES &&6tD

O ZUOIM 2t0lEHelE MESH 2201 A=Kl &oldte ¢
HOICH S Bl 2 A ASHe Xl &4 ZDHuA
clolBe2lE MEdte 220l A=K Hiw Holgts Lo
2 AF 0AIE ot AX MHUAM MEBEH=E £201 JU=XK
201510 ol ArZ =CH

e & 0lME ‘Synplify Pro’2 IP Core library AF2 &8
£ E0oI5t)| <ol /UM 2 2 JtXl ¢E +dHs Sl 2
&5t P Core library A& S 2 dedication 0l OIXl= Z&

Ol CHoll & HStCh.
4, 439 P Core library AFE &0l & HEF 24
4.1. 2lolEdel AI8 |/=2 LIXQ! HInE sst &0l
3.2 0N &gst = H) gdy€=s 088 &8s <ol
‘Synplify Pro MAFE2 XlI&dole SEMESAQ “Libero SoC
£ Sdlil 20lBdH2lE AIEs OIS Mo, 22 Jls
o] 2f0lEeielE AMEolAl &2 X2 &4 oich &8
2 ‘Libero SoC 2 OA Al Jisst CIXel =312 2tolEd
2l =  basic blocklll GdiYolE AEAAL  E5(adder,

subtractor, counter, incrementer), BlWEZ(Comparator)t

mul

tiplexer& A2 2 GHAULH

Data0_port_¢ [_—"-"
Data1_port_c [ .

Sel_c[

}—E= Result_c

Data2_port ¢ [

Datal_port_1_c —{ " Result_1_c

Data0_port_1_c¢

Sell_1 ¢
Data2_port_1_c

(b) 2tol=22{2l OIAlE CIXel st 2Dt
8 1. 3to 1 multiplexer Hln &&

<" 1>2 H® Hl A8 Z0 = 3tol multiplexer®l CHol
ctolEeielE AES8 CIXtelDi(a), BE HDLE &=4A ot ct
0l1E2iclE ME0oIX &2 CIXel(b)el &4 Zutol ol 2
2- LIEFH OE0ICH <3O 1> Z 1 ‘Smart Design’2l 2t01E
ielE A28t DEE JI2 HOIEQ MX2 2IE AtEsH BtH
Verilog2 &4&& CIX2I2 NOR, OR 2 HOIEE 0l80dl:
St C

M CIALH HIWE Soll ‘Synplify Pro’= 3tol multiplexerdil

oA &4 HEUM “Smart Design’ 21 2t0lE24eIE ME
otXl %3S € = UACH OE ctol=dalol UolME &2
AgS =¥ oAl



H 12 A& 200 e Blw odZ f2 3tol muxet
adder, decoder, incrementer 2t0IE22I0l CHol Blw st o
M OICH 2ol LE=0 oM Hiw 2Dt AFEdt= AHOIE
o EFL M=IF GhEE2 =2 g 2 UJULH U8 2EES
OF&EDERI 400e] 2E D OI&IIXIZ2 AFEstE HOIES9 X0
&0l EMHES &2l oAt

= T o

21,48 Z210 "l ol
Logic Smart Design(AH2) Verilog(OIAHR)
9 JH (NOT 5, NORS3 1,
3to1 Mux 2 (2to1 mux 2)
NOR2 2, OR3 1)
6 Ji (NOT 2, AND
Decoder 8 Ji (NOT 4, NOR 4)
3, NOR 1)
11 Jff (AND 7, 15 Ji (AND 6, OR 2, XOR3
4 bit Adder
XOR3 3, XOR2 1) 3, XOR2 1, NOT 2, NOR 1)
6 Ji (AND3 1, AND | 9 Ji (AND3 1, XOR 3, NOT
Incrementer
1, XOR 3, NOT 1) 3, NOR 2)

=

4.2. &R GIA Hin
3.2 OIM HAIS &
dUM™AS ©5 H S(Reactor Protection System)= P4Aol=
8 22 0I26tRUCH4]. Y 22 FPGA Dl Xt
HA CIXE HSHO AMAE Y A2 =& S4st AX2
S HE 229 XTI HESZ = 18J49 ZEoz JRAHE
Ch. &2 1801 XS 4s ZHUAM 222 2tolEdel

gtast 200 AIEZ =X AE HIWE Soi =3 otULCH

= 18 ZX 0l oA &4 ZDtet 2tolEei
gt ZUE HIWGHK 2tolE2del AF2 OIS0l OfaH

g ol
Bl Z2EE 0188 AgE ol X

i

Mo

" 1
o o

ol

H 2.180 2& &0l 21
Logic IP Core library Logic IP Core library

NE 0% NE 0%
HI_CPRS_NR X LO_RC1_FLW X
HI_LOG_POW X LO_RC2_FLW X
HI_LOG_POW X LO_SGL1_WR X
HI_PPRS_RPS X LO_SGL2_WR X
HI_SGL1_RPS X LOLO_SGLT_WR X
HI_SGP2_RPS X LO_SGL1_WR X
HIHI_CPRS_NR X LOLO_SGLI_WR X
LO_DNBR_RPS X LO_SGL1_WR X
LO_PZR_RPS X VAR_OVR_PWR X

st &

OIME O OIME ol “Synolify Pro Ol THall & &
o CIXCIo AFE &= 0fef JHXl IP Core library & J]& 2t0|
BeclE U4 OMUMeE &84 UHEUHM L2z AFEoHAl &2
= AE =2 g £ AULCH CHE 0IEE M &8 Zu
‘Synplify Pro’2 COTS SW dedication %8 W& A IP Core
librarye 1 CHatol EIX 20t & = UCH

5. 28 & &= ¢3¢

= ==20ld=s &2 4572 [P Core library0l COTS SW
dedication0l OIXl= Z &0l CHolf &el
t

g
E AME/0IMS8 HEUHME S
) g

Ct. O Z 1 ‘Synopsys Synplify Pro'=IP Core libraryg &
WHUAN oMoz AIESHA &= AsS &ol & = UAJUTH
2B Z ‘Synopsys Synplify Pro'= dedication =& Al IP

Core libraryOfl CHoll 224 2RIt S22 =02 StAULH.
g Aol AN e 2 optimization It 20 & &
9| optimizationOl IP Core library2l AtE& HAZE O COTS
SW dedication0fl 0IXl= ZG&0| A=XI0 CHaH =
b (20, T8t gF g 220 AsSdHe 884 &7 019
o CIXtel &L e L HHXI &3 22 U2 a2 &3
S0l tHoll IP Core library AIE0l ollY =72 dedicationl
OIXl= 98 2 dedication =& Al IP Core libraryOil CHoll 2
S FOl CHoll HRE NSH2Z =3 E HEOIC.

ot

Ab A
AARRA “FPGA-DIEH MOIDI SE M
AZEN Dl HE” AL RN

MEA HIMHAT AL Xez2 o3P

Xt

o o A
> [

NS
[1] Nuclear Regulatory Commission, NUREG/CR-6421 “A
Proposed Acceptance Process for Commercial Off-the—-Self
(COTS) Software in Reactor Applications”, 1996.
[2] Electric Power Research Institute, “Plant Engineering :
Guideline for the Acceptance of Commercial-Grade Items in
Nuclear Safety—Related Applications”, 2013.
[3] Electronic Power Research Institute, “Plant Engineering :
Guideline for the Acceptance of Commercial-Grade Design
and Analysis Computer Programs Used in Nuclear Safety—
Related Applications (TR-1025243)”, 2013
[4] Jong Gyun Choi, Dong Young Lee, “Development of
RPS trip logic based on PLD technology”, Nuclear
Engineering and Technology, Vol. 44, Num 6. pp 697-708,
2012
[5] OIS0t RFY, 282, "X LA FPGA Jlet Al
SMO AMAEE e S = E
3 X M 323 H 125, p36-43, 2014.
[6] Electronic Power Research Institute,
Commercial Digital Equipment for
Applications(TR-106439)", 1996
[7] Microsemi, www.microsemi.com
[8] International Electrotechnical Commission, IEC 1226
“Nuclear Power Plants - Instrumentation And Control
Systems Important For Safety — Classification”, 1994.

“Evaluating
High—Integrity



http://www.microsemi.com/

