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IP Core Library

* IP (Intellectual Property) Core in FPGA
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=7t DAL

- RTL design X| & =7 =l
« Z} Hie| H 2 RTL design 444 =+ EX

« Microsemi Libero 11.5 01|*‘|E
- Smart Design= X|# (25 Cio|o{1 HEHZ ZHd), 012 basic block(ex adder, multiplexer) =Xl
— HDL design2 XH ’El'*"LI'E 3% - &2 Sl= AEE basic EE9 IEZ LN E &0l HQ
(Smart DesignOlA| C|XIQl SE2 AI86t= A% - oY E52 ZEE Z2HE| import)

- Smart DesignS 0|83l Z/dE S5 C|XI — FBD & At
(Smart Design2 =/dEl C|XIQIS VerllogE t3h
— Smart DesignS 0| 83510{ C|X}Ql £ Verilog £ Hetst= Ziat

—_

— FBDE 0|83} C|X}Ql & RTL de5|gn (Verilog, VHDL) 22 H2tst= 22| Xjo|H S ®THE 12 Ea

DataA[1:0] &

newCore_0 :
DataA[1:0]  Sum[1:0][ p Sum[1:0] |
DataB[1:0] Cout [
Cin !

Actel Smart DesignE 0| 25}0{ Z/d3t adder (newCore_0) C|X}Q!

Synplify Pro§ A3l g/det Zaksl) 2t newCore LS (ofaH)
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RTL Design Tool

*Microsemi (Actel)
— Smart Design

» Mentor Graphics
— HDL Designer
— Design rule checking X3

 Xilinx
—ISE
— ISE WebPACK

« Altera

— Quartus 2
« Quartus 22 E5|A
- X™¥ Ac %

- Design, schematic 24 25 7}
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Mentor Graphics HDL

Designer

Xilinx's ISE or the free ISE WebPACK

Altera's Quartus IT or the free Web Edition

Design-entry

'WVHDL, Verilog, ABEL, Schematic, EDIF

WHDL, Verilog, SystemVerilog, AHDL, Schematic, EDIF

Core generator

'Yes (CORE Generator)

Yes (MegaWizard Plug-Ins)

Functional simulation

No

Mo (last version with simulation was 9.15P2)

Testbench simulation

Use ISim

Use ModelSim-Altera Starter Edition

Synthesis/P&R

Free version limited to small & medium devices

Free version limited to small & medium devices

Programming

Yes

Yes

FPGA editor

Yes (FPGA editor)

es (Chip Editor)

Embedded logic analyzer,

ChipScope PRO (a separate product - not free)

SignalTap II (included in Quartus II/Web edition)

Older versions

Available from ISE Classics

[Available from the Quartus II Software Archive

0S support

Windows + Linux

Windows + Linux

Price

Free version: £0
Full version: starting at $2995 for a 12 month license

Free version: £0
Full version: $2995 for a 12 month license

Software matrix

Check here

Check here

ISE and Quartus 2 spec
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Smart Design Example

- Smart Design= 0| &%t C|XIQl =g 3}H

(® Libero - CwUserswdslabw Desktop# NUDEwtestitest prix*
Project File Edit View Design Tools SmartDesign Help

NS W@ 0

Catalog Repors & x } StartPage & x &3 decoder~ & x 1 decoder_behave,y & X I decod_behave,y & X ] decoder,gen & X ]
[ [@& ~ I Simulation Mode — =
= » DE P LD ER @, Q aQ A
T [version BERID M 2P0 A Q \ | AN
=i Basic Blocks
Accumulater 20
Adder 2.0
Adder - Array Adder 20
Adder / Subtractor 20
Comparator 2.0
Counter 2.1
DDR 20
Decoder 20
Decrementer 20
FIR-Filter 2.0
1o 20
Incrementer 20 = D
Incrementer / Decrementer 20 COREEDAC_D sma rtgen
Logic 20 NGRST ERROR - m
Multiplexor 20 RST CORRECTABLE M L
Multiplier - Constant Multiplier 20 STOF_SCRUB_TRP! THMOUTFLG % M ux.(ﬂ
Reqicter 50 USER_WEN_TRP1 SCRUB_DONE
g g MSG_TRPI[7:0] DATA_OUT[7:0] Mux ||:g
Subtractor 20 USER_WA_TRPI[7:0] PARITY_OUT[4:0] .
- Bus Interfaces USER_REN_TAP1 NOW_SCRUBBING % M
% Clock & Management USER_RA_TRPI[7-0] SCRUB_CORA LW
# DSP - ggnﬁﬁﬁk]u_gﬁmm % Mux behavev
=+ Macro Library o n G — -

=- Memory & Controllers
&= CoreAPBSRAM
&= CoreAhbSram

&= CoreDDR

CoreEDAC

&= CoreMemCtrl

o o a1 &l
Documentation: =
CorsEDAC _HB, pdf
CoreEDAC AN, pdi
Description: &ctel optimized Error Detection And Correction logic protects data
stored in a RAM block, It detects double bit errors and corrects any single bit soft
(transient) errors in RaM words from 4 to B4 bits wide, The core utilizes a specific
shortened Hamming code as well, as optional pipelining to achieve high
performance,
The EDAC logic optionally implements RAM scrubbing. a procedure that prevents
the Ral of accumulating the soft errors,

i Mew cores are available Daownload therm now!
Design Flow | Design Hierarchy | Stimulus Hierarchy  Catalog [ Files | Kl

EPENDABLE SOFTWARE
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Quartus 2 Example

« Design Of|H|

Project Work space
Navigator

..... P s = s s
soe o o w e L O I T
T D T T
S @ 8 o8 s & s s e s s s s @ & & s & s &
I # & = = % = % = = 8 & = & ® % & = 3 8 8
IMITCOoOOQ4YK - * & ® B ®F ®F § ® B ° ® B =B ® ® B B B B 8
«— B pESEseERsEEsasERSSEIESRIEIEEEAEE & B B . s s s s s 8w & & & & & &
. {ANDZ i
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J i t 2
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Quartus 2 Example

- LIS of|x|of CHsl ©4det Zal (Netlist viewer)
— & =3 & Synplify Pro M& (H7H)

"1 & RTL Viewer - C:/altera/15.0/project/temp/temp - temp — O *

. Fle Edt View Tooks Window Hep S

ar @6 Eado=o & Page: | 1of1 v -
= Netlist Navigator 08 x| & temp1 | £
N v Hc temp
~ 1} Primitives
¥ 12 logics
1 inst
v = Ports

v = Input inst

== pin_name1 an_namel D—
—* pin_name2 .
pin_name2|[ >——

pin_name4

‘ind Mext

100% 00:00:02

KU EONEUK
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Quartus 2 Example

Verilog I E& &

*timescale 1 ns/100 ps

module Verilogl(Datal port 1, Datal port 1, Sum);

input [1:0] Data0_port 1;
input [1:0] Datal_port_1:
output [1:0] Sum;

wire [1:0] Datal port 1:
wire [1:0] Datal:purt.:l:
wire [1:0] Sum;

sub( Datald port 1, Datal port 1, Sum);

endmodule

module sub(Datak, DataB, Sum):;

input [1:0] DataRl, DataB;
output [1:0] Sum;
reg [1:0] Sum:

always @ (DataR or DataB)
begin

Sum = Datah - DataB:;
end

endmodule

EPENDABLE SOFTWARE
LABORATORY

L REx

v Bz Verilg
v Oz

v

& temp:l | =R

subscomb_3

Datad_port_1[1..0] Det=ATLL.0]1

DatalJ:uDrt_1[1,,|:|]D DratzB[1..0]

sub:comb_3

=

Sum([1..0]

|—D Sum[1..0]
Suml[1..0]

_port_l[l..O]D—l TT 1'h0 cn Addo
_port_l[i..O]D—l DataA[L..0 A0 A0, ouT2. 0]

= +
DataB[1..0] — | B[2..0]
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RTL Design Tool &%

« Microsemi Libero SoC 2| Smart Design + Synplify Pro =g

« Multiplexer 0f CH3l 4 7}X]

Al ol

H81  2to1MUX
MdE 2 2to1MUX
HdE3 2to1MUX
#34  3to1MUX

« Smart DesignOA| 5
—Verilog 2 E29] 7|2

hONI(U'K
EPENDABLE SOFTWARE Imn‘F:nsm’
LABORATORY

=22
=

No interface

With Interface

IF 2 Al

With Interface

I-OI'6'F Ao

H=2 O

£ — 10| %= structural Verilog code import

2 smart design 0| A import?t A E AL + =%

-I- [ smartgen
=+ (] Mux
B Muxlog
B Muxv
B Mux behavev

10
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2 to 1 MUX : Smart Design

Mux 0
I_ tal_por Datal_port
al por Datal_port
e Sell

Smart Design= 0| &%t Multiplexer €5

“timescale 1 ns/100 ps
Version: v11.4 11.4.0.112

|module Mux|(
Datald_port,
Datal port,
s5el0,
Result

input Datald _port:
input Datal port:
input Sel0:
output Result:

1 M2 M¥2 Result (.R(Datal_port), .EB(Datal port), .5(5ell), .Y|

Result) ) ;
-endmodale
Smart Design2 S8l import  MUX 8 3L (Structural Verilog?)

Smart Design0i| M AM&3t= 2lo|E2{Z| ->
macro libraryE 0| 8310 vendor IR X2 X5t AEE AL

I{I l' NEKUK
'DEPENDABLE SOFTWARE IINTVRRSITY
5 LABORATORY

Jmodule Mux (Datal_port, Datal port, S5ell,Result);

input Datal_port;
input Datal port;
input S5el0:
output Resulct;
reg Result:

always E(DataO_port or Datal port or S5eld)
] begin

1 case ({5el0})
0 : Result = Datal_port;
1 : Resulc = Datal_port;
defanlt : Result = 1'bx;
endcase

end

-endmodule

Smart Designs 6l import ot
MUX =& 3 E (Behavioral Verilog)

11
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Smart Design= 0| &%t 2 to 1 MUX2| &48 Zu}

Data0_port_pad

PAD e Y Mux_ O .
._ Result_pad
Data0_port |:_ZZZ:="" ) port_c ) i
port_c C A

INBUF
Data1_port p

Data1_port[ > PAD S

INBUF
Sel0_pad

Sel0 [ ——FAD P Y GND_i
GND

Selo_c[ >

Data0_port_c|[ >

}—[ Result_c

Datal_port_c|[ >

Smart Design= 0| &%t Mux?2| Synthesis 21}
Mux Li &

DEPENDABLE SOFTWARE K I I %‘T’?
LABORATORY
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Verilog £ 0|88} 2 to 1 MUX 2| g4 Z1}

- Smart Design MUXZ2| behavioral Verilog 2t €2 3 E

Jmodule mux_test (Datal port, Datal port, 5eld, Resulc):

input Datal_port:
input Datal port:
input S5el10;
output Result:
reg Result;

always EiDataO_port or Datal port or S5ell)
] kegin

1 case ({5eld})
0 : Result = Datal_port;
1 : BResult = Datal port;

default : Result = 1'bx;
endcase
end Sel0_pad Result_pad
: PAD . [ - Y D PAD
-endmodule Sel0 I: - _.—\—E Result

INBUF )UTBUF
Data0_port_pad

Data0_port I:.j:::= Y VCC_i

INBUF .

Datal1_port_pad VCC

Data1_port [_}

INBUF

I{ I l EONEUK
DEPENDABLE SOFTWARE INTVERSITY
LABORATORY
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- INBUF, OUTBUF, MX2= macro library

 Smart Design0| 8¢t gd Za0M= MUX 25 0| & =

- 4" Ey
- #2752 5l MUX 2822 X AL85HX| g2 =l
— X}0|& 0| INBUF, OUTBUF 2 QI$H 'L of £0of| Clis ol Ee

MXx2 IGLOO, ProASIC3, SmartFusion, Fusion

Function
2t 1 Multiplexar

A Truth Tabie
5 Y
LY 0 A
1 B

Tnput ouput
.5 ¥

MX2 : Multiplexer macro library

T ’*;:.:\
4 EONKUK
DEPENDABLE SOFTWARE E I I UNIVERSITY
N LABORATORY
| B
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- HME 2: 49 19 Verilog 2E0 interface F7}

-« MUX 220 CHsl &
M =0l BHQ

_port_1[ > AD 3 e < ; Datal_port_1_c I::_l-'-;_ .
se VCC o
selo_t [ ——FPA0 DY yatsd mort 1 ol > il I
L E Datal_port_1_c[ .

=

Interface 2HE Verilog

Interface 2HE Verilog MUX_TEST & Z 1}

I{ I l EONEUK
DEPENDABLE SOFTWARE IINTVRRSITY
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Al
=

ot

3 A1}

« AlH 20AM MUX ZEE Z2 7|
— CASE -> IF/ELSE 2 A

olr
o
_(ID_I-
rr
inl
M
Al
In
Hu
rE
o

Mo

f 22 AT mux A E MX2 AL
_ gazs mol

— Macro library0|Ad MX2 & Al23%17| |E22 =3

module mux test (K, INO, IN1, OUT):

Selo_1 c[ >
input E:
input IHO: .
input IN1: DataO_port_1_c[ >

output OOT;
Data1 port_ 1 c|[ >
reg OUT: _port_1_c[

always @ (INO or IN1 or H)

if (E) begin
OUT = IN1;
end else begin
OUT = INO;
end
endmodule
IF 22 0|23}0] Xt MUX Verilog code IF £ 0|83}0{ 2}t MUX Verilog code &4 Zit

I{ I l EONEUK
'DEPENDABLE SOFTWARE INTVERSITY
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¥ 4:3t01MUX & 0| 8% &2

«  Smart Design?| 3 to 1 MUX &4 Z 1}

DEPENDABLE SOFTWARE
LABORATORY

Datat_p
Data_port [ ——F20 [} [ X

Data2_port [_> PAD [7]

1ata?_p

Selo ¢ [ -

Data0_port ¢ [_> L
oy _ . B .
Datal_port ¢ [

Sell_c[_»

Data2_port ¢ [ >
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AMSl 4:3t01 MUX £ 0|25 M

3 to 1 MUX 2| O X| £ interface 2} module AH22] HEJZ Verilog 2 ZHd5t0] A
5

mux_ test( Datal port 1, Datal port 1, DataZ port 1, Seld 1, 3ell 1, Result 1);:
endmodule
module mux test (Datal port, Datal port, DataZ port, Selld, Sell, Result);:

input Datad port:
input Datal port:
input Datad port:
input 5el0;

input Sell;
output Result;
reg Result;

always EiDataG_pDIt or Datal port or DatalZ port or Sell or S5el0)
begin

case ({5ell,S5el0})

0 : Result = Datal port;
1 : EResult = Datal port;
2 i Result = DatalZ port;
default : EResult = 1'bx:

endcase

end

endmodule

EONEUK
'DEPENDABLE SOFTWARE E I I UNIVERSITY 1 8
LABORATORY
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Data0

Data0O_port_1 [jj::IF

Datat

. - p Result_1_c
Data1_port_1 E% i
UF

Data2_port_1 I::j::
UF

Selo_1

Sel0_1[_

Datal_port_ 1 c[ > S : > Result_1_c
Data0_port_ 1 c[ >

Result_iv_RNO_0

ot fr RNO.

Sel1_1 c[ >
Data2_port 1 ¢c[ ——

Verilog 2 Z}4%t 3 to 1 MUX &4 Z 1}

DEPENDABLE SOFTWARE K I I %‘T’?
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AlS 4 Aa}

3to1 MUX 7|SsS

22 7158 o

- ZEXOE, Multiplexer 0 L3 Ai= 'Smart Design®| E£82| A=S A83HX| g=Ct
Sng s+ AS AR BY

Sel0_c[ >

Data0_port_c [_>
Selo_1_¢[ >

Datat_port_c [ > patat_port 18 Lo

Sel c[ >
Data0_port_1_c|

]'—E Result_c

Data2_port_c [_>

Data2_port_1_c| _

GND_i

GND

Smart Design2 £ ZHdst 3to1 Multiplexer &-d Verilog2 XHd$t 3to1 Multiplexer €Hd

I{ I l EONEUK
DEPENDABLE SOFTWARE o :
LABORATORY (i
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Smart Design & Verilog 88 7}

- 30| RO IAEE OAL{Z 0|
— Subtractor
— Adder (2 bit, 4 bit, 8 bit)
— Multiplier
— Comparator
— Counter
— Incrementer (Decrementer)

*  FIX_RISING O|A| AtE Tt basic logic &&F
— Adder
— Comparator
—  Mux

FIX_RISING O|A| At&TH macro library S/
- MX2
— AND2
— OR2
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Subtractor : Smart Design

 Smart Design2 0| 2%t subtractor 25 % /dZADt

DataA<0> [ >
DataA<1>[

DataB<0>[ >
DataB<1>| >

new Core_0

DataA[1:0] Sur1:0]
DataB[1:0]

DataB_c<1>[ _
DataB_c<0> [
DataA_c<0>[
DataA_c<1>[

> Sum_c<0>
> Sum_c<1>

DEPENDABLE SOFTWARE
LABORATORY
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Subtractor : Verilog

 Verilog 2 X435t subtractor /4 A1} U simulation 2™

=

Datal_port_1_pad[1]
Data0_port_1<0> [ A0

Datal0_port_1<1=[ >

Datal_port_1<0
Datal_port_1<1

0
1
3
i
i
2
1
0
1
0
i

Datal_port_1_c<0>[ _
Data0_port_1_c<0>[
Data0_port_1_c<1>[ >

) I{ I l EONEUK
'DEPENDABLE SOFTWARE UNIVRRSITY
LABORATORY
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Adder : Smart Design

«  Smart Design2 0| &%t adder 25 U &/dZA0t

newCore_0
Datat[1:0] Sur1:0]
DataB[1:0] DetaB{1:0]

Datas_pad[1]

DataA_c<1>[ >
DataA_c<0>
DataB_c<0>
DataB_c<1>[ >

R s
LABORATORY
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Adder : Verilog

Verilog £ %}/d¢t adder &/d 21}

TBUF
_pad[0]

Data0_port_1_c<1>[

Data0_port_1_c<0>[
Data1_port_1_c<0>[ _
Datal_port_1_c<1>[

DEPENDABLE SOFTWARE K I I KO
LABORATORY
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Multiplier : Smart Design

* Smart Design=

GND_i

LABORATORY

S DEPENDABLE SOFTWARE
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Multiplier : Verilog

« Verilog2 Z/d 3t multiplier 5 /4 Z 1t

atal_port_1
atal_port_1

LABORATORY

S DEPENDABLE SOFTWARE
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Comparator : Smart Design

Smart Design2 0| 2%t Comparator €5 £/dZ 1}

DataA_o<1>[ 5 XNOR?_0
DataA_c<0> >
DataB_c<0>| >

DataB_c<1> > XNOR2_1
A

DEPENDABLE SOFTWARE K I I %‘T’?
LABORATORY
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Comparator : Verilog

*  Verilog2 %}/4%t Comparator 28 e/dZ 1}

Datal_por
Data0_port_1<0>[ > PAD ]
Data0_port_1<1>[ - UTBL
Datal_port_1<0> [ ) N ) GND_i

Datal_port_1<1> [ > = " —= ;

VCC._i

AEB_NE

Data0_port_1_c<1>[ >
Data0_port_1_c<0>|
Data1_port_1_c<0>[
Datal_port_1_c<1>[

R s
LABORATORY
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Counter : Smart Design
«  ClockO|| 2} count F7IAM 7= B&

«  Smart Design2 0| &%t counter 5 /4 &1}

DEPENDABLE SOFTWARE E I I U.".“mE
LABORATORY
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Counter : Verilog
«  Verilog2 %43t counter 25 B4 1}

Data0_port_1 [

Data1_port_1

Sum_c<3>
> Sum_c<2>
Sum_c<1>
> Sum_c<0>

Datal_port 1 c[
Data0_port_1_c[ >

DFN1C1
VCC_1

DEPENDABLE SOFTWARE K I I KO
LABORATORY
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Incrementer : Smart Design

- YA =2 datad +1 5t= logic

=
(@)
-
()
3
()
-}
k=
()
-
o
Jhu
ot
0x
uy
ic]

«  Smart Design2 0| &%}

DEPENDABLE SOFTWARE K I I %‘T’?
LABORATORY
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)

Incrementer : Verilog

=
(@)
-
()
3
()
=
=
(]
-
][
Jhu
ot
0x
i
=

Verilog2 XHd st

Data0_port_
Data0_port_
Data0_port_
Data0_port_

Data0_port_
Data0_port_
Data0_port_1

DEPENDABLE SOFTWARE
LABORATORY
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Adder 4 bit : Smart Design

+ Smart Design= 0| &%l adder &5 2’421}

XOR3_Sum3]

P _ > Sum_c<0>
DataA_c<0>| > > Sum_c<1>
DataA_c<1>| > ) RORS > Sum_c<2>
DataA_c<2>| > ) Sum_c<3>
DataA_c<3>| > .
DataB_c<0>[
DataB_c<1>[ XOR3
DataB_c<2>| " XOR3_Sum1]
DataB_c<3>[ > NN T

DEPENDABLE SOFTWARE K I I %‘T’?
LABORATORY


http://cse.konkuk.ac.kr/

Adder 4 bit : Verilog

«  Verilog2 X%t adder 25 gHdZ 1}

Sum D_4x4_slow_I0_S

Sum_ADD_4x4_s
_ADD_4x4_

Data1_port_1_c<3>[ >

Data0_port_1_c<1>[ >
Data0_port_1_c<2>| >
Data0_port_1_c<3>| >

P e
LABORATORY
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ign

Smart Des

Adder 8 bi

c
D
(7))
(<)
o
)
} S
©
£
wn

KU EONEUK
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Adder 8 bit : Verilog

«  Verilog2 %43t adder E5 /A1

DEPENDABLE SOFTWARE [{ I I %‘T’?
LABORATORY
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Decoder 4 bit : Smart Design

O; 0; O O Os O 0O,

O,

A

C B

0
m
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Decoder 4 bit : Smart Design

« Smart Design2 0| %t decoder E5 /&1t

DEPENDABLE SOFTWARE
LABORATORY

Datal_c|[ >
Data0 c| >

'NOR2_Eq[0]

P—

AND2
AND2A_Eq[2]

AND2A_Eq[1]

Y Y

= Eq_c<0>
> Eq_c<1>

Eq c<2>

> Eq_c<3>
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Decoder 4 bit : Verilog
«  Verilog2 %43t decoder 25 B4 A1}

Datal_p

Data0_port_1[ >

Sum_pad[3]

> Sum_c<0>

> Bum_c:-

= 3um_c:
Data1_port 1 ¢ A=y > Sum_c:
Data0_port_ 1 _c[ >

DEPENDABLE SOFTWARE E I I m
LABORATORY
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Conclusion

. uYFIE BYE
— Smart DeS|gn2| SE 52 structural verilog2 FHE&|= IEE 0|85t EE52 0|2|Hl
X|AMZ 7X| 2L

AA
— Verilog2| 4 0]l

|2
=
3
-

St SHAIOI M M AIO|ER M A7 HoR B Y

« Basic block R0 CHslf 2ol 2 Za} Ar25IX| &L=Ct 2t Mzt g = 9
—  SIX| 2t Smart Design2 0| &3}0] C|X}QIZ 517| fIsHM -> basic blockS AIE &
812 (adder, subtractor 2 22 7|2 AIEIA M 715 HIEB)

Decoder 6 7l (NOT 2, AND 3, NOR 1) 8 7l (NOT 4, NOR 4)
. 15 7} (AND 6, OR 2, XOR3
4 bit Adder 11 7§ (AND 7, XOR3 3, XOR2 1) 3, XOR2 1, NOT 2, NOR 1)

7
Incrementer 6 7H (AND3 1, AND 1, XOR 3, NOT 1) 9 7 (AN???’NB;(%R = ey

ox deet 2% E2| Gate AHE i O H|

hONI(U'K
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Smart Design & FBD

- Smart Design= 0| &t RTL ‘473
— Smart Design0|M H|E35}= block & 0|-&3510f C|X}Ql =4
- FBD2} RAISHA 282 AZES Soll CIxtel
- E A0 EECR FEE 71528 % A E import

2

— ‘Generate Component’ 7| 5& &0l RTL (verilog) 2 H2t
- Zpdst C|xielat SYE Verilog

- FBDE 0| &%t RTL 444
— FBDE 0| &5}0{ C|xjel
— FBDtoVerilog & 0| &350 RTL 2 H 2 (in NuDE)
- FBD2| Z blockdi| siEtst= Verilog 2 E2Q| e HE o & 2ol (LIB.v)

. JIXMO|EXBSES =9

H e O

— O &2 FIX_RISING %] Smart Design2 2 %/d

) I{ I l EONEUK
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Smart Design & FBD

o X EE - dh?
Bit +22 X2 BEH

HitE C| X212 I M= Basic block A2 0]
Aol g4l
HIS L= &+ A8 28 — FBD2 local
variable?
Feedback variable 28 2| — bi-
directional port?

« bi-directional portE 0| &%} feedback
variable ¥ A| 0| 22| AH|O|E &/ X

« (®%§ FBD 2| connector/continuation 5 &

SEL_INT 2

-G
-IN1
-IN2

ou

PTRIP_CNT

T

=
=
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TR-1025243

« Independently verified
— During the design process

— Evaluated and approved Zl other computer program applications 2| Z 12} H| w5} 7
Lt, hand calculation 2| Z1to} H|Ws{A HF

— Using alternative methods E£3t 75
+ Like simulation, testing

« Adversely impact the ability of an SSC to perform its safety function
— EF9] failure (incorrect result, incorrect programmatic calculations ) 7} SSCs 2|
safety function =&0f| &S 0|X|=7}
- Design =7 : 2R output2 2 E5IX| %= 7|5 ™ 7ts
 Analysis =7 : 22 outputdi L2} X7} CtE = 7ts

mjo

« But 0|HE EL| analysis =12| 4% prototype Ol L5 functional testingg +d&C =2 A
OJX|X] @f=Ct 2t ‘42t 57| = &

EONEUK
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TR-1025243 Examples

« Computer program used to perform pipe stress calculation and analysis

'DEPENDABLE SOFTWARE
LABORATORY

Safety Classification

Is the computer program integral to a safety-related SSC?
— NO : pipe stress A4t X 2M0f AR
Can the computer program impact safety-related SSCs?
— YES : pipe stress A4t H|O|E{7} reactor coolant system0f| E& S 0O|H
Will the computer program be used to design or analyze SSCs in a way that could impact SSC
safety functions?
— YES : designOf A8
Will the result derived using the computer program be independently verified for every use?
- NO
Could failure of the computer program adversely impact the ability of the SSC (that is, the pu
mp) to perform safety functions?

— YES : software 9| fault 7| design, selection, layout of pipe supports 0 2|8 H&S 0|X|=
e

Zue

Safety-related 2 £&

KU vy
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TR-1025243 Examples

« Computer program used in the design of a safety-related pump

'DEPENDABLE SOFTWARE
LABORATORY

Safety-related pump performs safety functions during and after an earthquake

Safety Classification

Is the computer program integral to a safety-related SSC?
— NO: C|X}Ql 8 £9| computer program
Can the computer program impact safety-related SSCs?
— YES : C|XIQ! Z1}7} safety-related pumpOfl F&2 O|E £ AS
Will the computer program be used to design or analyze SSCs in a way that could impact SSC
safety functions?
— YES : design0j| AlE
Will the result derived using the computer program be independently verified for every use?
— NO: Z3}= HEZ verification & + 1S
Could failure of the computer program adversely impact the ability of the SSC (that is, the pu
mp) to perform safety functions?
— NO: YBIHO R prototyped THE O] design verification & 87| W20 F&2 O|X|X| %S
Will the computer program be used to assess the ability of SSCs to perform their safety-relat
ed function(s)?
— NO:[C|xjQl =3
Will the computer program be used to monitor operation and control functions of SSCs?
— NO:[LC|xjQl =3

Non-safety-related 2 27/

KU vy


http://cse.konkuk.ac.kr/

TR-1025243 Examples

« Computer program used to perform seismic analysis of components in safety-
related systems

— Safety Classification
* Is the computer program integral to a safety-related SSC?
- No
« Can the computer program impact safety-related SSCs?
— YES: componentE2| X| 22 ACl= 53 €2 &2l 5l= 8
* Will the computer program be used to design or analyze SSCs in a way that could impact SSC
safety functions?
— YES : analysis 0] A2
*  Will the result derived using the computer program be independently verified for every use?
— YES : alternative calculation0| 7}5&

— Non-safety-related 2 =&

EONEUK

s 'DEPENDABLE SOFTWARE [{ I '[_]N'I\'R'R‘_“T?
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TR-1025243 M £ 0fX|

« Smart Design

— Safety Classification
* Is the computer program integral to a safety-related SSC?
— NO : design0i| A2
« Can the computer program impact safety-related SSCs?
— YES : safety-related SSCs C|X}Qlst=0| AL8 75
* Will the computer program be used to design or analyze SSCs in a way that could impact SSC
safety functions?
— YES : design0f| AF83}11 SSC 2| safety function O @ 75
*  Will the result derived using the computer program be independently verified for every use?
— YES : Simulation, output Q! Verilog 2} design H|i! 7}s

EONEUK

S 'DEPENDABLE SOFTWARE [{ I '[_]N'I\'R'R‘_“T?
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 Simulator

— Safety Classification

'DEPENDABLE SOFTWARE
LABORATORY

Is the computer program integral to a safety-related SSC?
— NO: Analysis &
Can the computer program impact safety-related SSCs?
— YES: &4
Will the computer program be used to design or analyze SSCs in a way that could impact SSC
safety functions?
— YES: &M ZA0] M2} designtil BEFS & + AUAS
Will the result derived using the computer program be independently verified for every use?
— NO:H BT approved ¥ CtE ET 33, 25 CIE W 83
Could failure of the computer program adversely impact the ability of the SSC (that is, the pu
mp) to perform safety functions?
— NO: %|ZHo FPGA hardware functional testing =% % SW/HW Co-simulation+%
Will the computer program be used to assess the ability of SSCs to perform their safety-relat
ed function(s)?
— YES: SH = F7I5t=H AL

KU vy
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Task 3 Report : Technical Basis for RG

+ Task 3:RG 7 3 MEZ RG 7H& A| Software tool2| review3! approval (acce
ptance) process Ol s n2{g M=

« Software Tool : Supporting or used in design, development, testing, review, an
alysis, or maintenance

- Future regulatory guidance Of|A] 2{g LS 117§ 240 CHoiM 2F

- ER0| [z} software tool 2| 7ZHE X 2USZ IHSE 3 7IX |2 &
— Developed under 10CFR50 Appendix B QA requirements

— Does not developed under 10CFR50 Appendix B QA requirements
Commercial grade item, SW dedication

— Developed using high-quality life cycle approach of RTCA DO-330

Software Tool Qualification Considerations : &-& =0[2| software tool 215 &
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Task 3 Report : Technical Basis for RG

« 2.1 Software Lifecycle Processes
« 2.2 Software Tool Categories
— modeling, analysis, simulation =& Zgl|A software tool 2| categoryE =7 27t AC}
« 2.3 Software and Software Tool Integrity Levels
— Software tool2| SILE/ <= O|EA| St= Z n2{siof st elhl...
« 2.4 Software Tool Planning
—  H™o cist 12 ALE : software 7HE life cycle@] 02| plan (V&V plan, QA plan S)A| software tool
off ciet Lf&0] =gt E|ofof gt
—  Software life cycle planning S0l software tool2| #H3iLt, HHY Sof s planning O] M| X{of &
« 2.5 Software Tool Selection and Use
— Safety system 7l|'20j| Software tool S ME{SI 1D
« 2.6 Software Tool Documentation
— Software Tool0ll CH3H ZA2} £|0 0{0f 5f= AlSof Ciet 1
« 2.7 Software Tool Development, Qualification, and Dedication

—  System 7HZ0| ALE3S17| 25l Software toolE 7H&StAHLE, qualification St L} dedication & If 11215}
Of & A=

>

(8 i nasjof & Argds

« 2.8 Software Tool Quality Assurance
—  Software tool2| qualify assurance £ &9l & [ 112{E|0{0} S}= AIEE
« 2.9 Software Tool Training
« 2.10 Software Tool Configuration Management
« 2.11 Software Tool Review, Approval, and Acceptance Criteria

I{ I l EONEUK
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Task 3 Report : Technical Basis for RG

2.7 Software Tool Development, Qualification, and Dedication
— 17. Future RG might consider endorsing, adopting or adapting the methods of TR-10
25243 for the dedication of commercial-grade design and analysis tools
— 18. Future RG might consider adapting the TR-102348
— 2 Z0| dedicationS & Z¢ nZ{E|0{0f T Atetof| CHol A=

2.11 Software Tool Review, Approval, and Acceptance Criteria
— Phase of commercial dedication

« Tool qualificationS ?|5HTR-10252430{| M BA|StL Q= critical characteristicsOl| CHSH 2|3l OF
gHCt

CASE tool, development tool2| critical characteristics = extensive testing 1} performance
historyE Sdll 245 |00} StC}

Dedication 1}°H0j|A| L}EIL}= B-E critical characteristicsi= software tool2| dedication0f &EH+H
ol BHols|of Bt}

- S

— Commercial dedication phase0| A= dedication 2 0}E0|7| {Is)f 12{x|0{of & ALt
2 oja
=2 -

I{ I l EONEUK
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The END

END
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Conclusion

[NOTH [[inverter 102 ps
(1BUF1 [[inverting tri-state buffer 122 ps
[NAND2 [[nottAND2) 112 ps
NOR2 not(OR2) 122 ps
AND2 2 input AND 142 ps
OR2 2 input OR 152 ps
NAND3 3 input NAND 132 ps
NOR3 3 input NOR 142 ps
AND3 3 input AND 162 ps
OR3 3 input OR 172 ps
NAND4 4 input NAND 152 ps
NOR4 4 input NOR 162 ps
AND4 4 input AND 182 ps
OR4 4 input OR 192 ps
NANDS 5 input NAND 172 ps
NORS 5 input NOR 182 ps
ANDS 5 input AND 202 ps
OR5 5 input OR 212 ps
NANDS 6 input NAND 192 ps
NORG 6 input NOR 202 ps
ANDG 6 input AND 222 ps
OR6 6 input OR 232 ps
NAND7Y 7 input NAND 212 ps
NORT 7 input NOR 222 ps
ANDT 7 input AND 242 ps
OR7 7 input OR 252 ps
NANDS 8 input NAND 232 ps
NORS 8 input NOR 242 ps
ANDS 8 input AND 262 ps
OR8 8 input OR 272 ps
XOR2 2 input XOR 172 ps
XNOR2 2 input XNOR 172 ps

EPENDABLE SOFTWARE KU IIEE]{{};];}X
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Linting

« Linter program checks static errors or potential errors and coding style
guideline violations

. g

variables being used before being set
division by zero
conditions that are constant

calculations whose result is likely to be outside the range of values representable in
the type used

Mixed lananguage
Coding style check
Etc

X o 2 FPGA 72 0| M= RTL designof H&&

« |EC 60880 Z2 safety life cycle 0| A static analysis Il &

2d Bt HE SEHeRE HE
g’d =10|A syntax check = &%
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RTL Linting

« Synthesis O] H0| LintingS +5}H?
— Static error?| 7542 2SI, false alarm O] EXE 71540|

AL oF A o
P YT

«  AnoUY verification 2 ZHH
- g4 o|He N HHS flell =

- 4& Linter program2 Safety-critical system 7|20 A& StC}
— A=Y 0|E{e} Z2 &M E 4 +=F9| dedication0| HRT Aoz M

Lint Tool Rules /Policy

Design Issues

Q By http://vlsi.pro/linting/

hONI(U'K
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H
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Z} (TR-1025243)
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Linting
« Level 1: Rule Checking , Coding Style Checking - 3 E2| syntax& &4

« Level 2 : 000 analysis - ZE& CFG/DFG S2| HEZ H2t5t0| 2445 & #H
=

« Level 3 : static analysis - AL et @HEMS Soll M execution k5 ZdT
T+ A= Z8%° L7 (Divide by Zero, Null Pointer )& 0=
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Linting — SPYGLASS lint

- HF 22 CHE 222 linting X[ A

SpyGlass Lint Features Lint  Lint Turbo Advanced Lint
Structural Lint [3yntax, Semantics, Synthesis, Simulation etc.) 0 0

Functional Lint (Bit-width, Signed-unsigned assignment ete.) &

Physical Lint [Large-hMux, Large Fanout [ Fanin Cones, Synthesized/unsynthesized memories etc ) &

Hierarchical Flow with abstract models (Top-down/Bottom-up) &

FSM analysis to idenfify deadlocked and unreachable states &
Synchronous FIFQ analysis to report underflow and overflow &

Dead code analysis e

Cyclomatic complexity analysis P

EPENDABLE SOFTWARE
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Linting — SPYGLASS lint

FSM 2+ 14|
— Unreachable or deadlock state
— Dead transitions
— Asynchronous inputs
— FSM metrics : number of states/transitions, number of inputs/outputs, depth of state
s 52 FSM 9| verifiability 0ff ¥&2 0O/A
— FSM design style

Level 1 : FSM metrics, FSM design style

Level 2 :

Level 3 :
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IEC 61508 Functional Safety

XL, M7 A|AHQ| 7|5 M E RISt BE
- E£7% 200 Foff x| f2 HMutHol @ AL
—  E/E/PE safety-related system?2| 7|5 QtH/d S 25| flo East 22| U 7|=X &S A
Safety Life Cycle
- 7]l o 2EE STt 252 HAMHR 2t2|5t7| flsh At S xHEY
— 7.5 ©H| ¢tH @ F AL : Hazard & Risk analysis& Sl E/E/PE safety-related system, 7|E} 7|= QtH
S A|AH] QR 2|A3 ZhA MH|0f LS IS RFALE S AXF AL Q7 AP SHO|AM HA|
CHH AL Cist BMME e EM 7|5 tHES B
o ZH o sl 27 El= 7ISATEE SREEI| oM Hast 2tH 7| SE0| BA| £|lojof &
o 2|23 AA FHONM, AHFZEE 2FALE (SIL) 0] ZF et 7|50 CHsl HA|x|ojof stCt

61508-3 requirements 5 2 ZE 9|0 7'
~ 74211 EE3E ATEY 0 £ 7|0 HLE 2AZEY 0|7 MAHTHA O M SREICHH
Ol 2HsH motsiof stch, 2AZEQ0] OFM RAIE HME WSO it 2ZES
27t ®MA| E|ojof stct.
— JHgol ArRElE Ao, oYU, HAHE| £, V&V ET MEE SIL of mfat Mey £[ojof strt
—  SIL =0 2t 25 ASME Bt HAY|/HTYUZHE Jtxot &
—  BZE|X 28 1 EtES M3 E[ojof &

Eo= YHEMO|

-1 —

a2
A
o

=0 tis =2 ®AI5ta

HI
gjo

'DEPENDABLE SOFTWARE E I I KO
LABORATORY

TNIVERSITY


http://cse.konkuk.ac.kr/

Functional Safety Certification

 SIL(Safety Integrity Level) : H|E2| 2tH 7| 50| 27 k|= ME[E &

« Using Performance Measures, probability of the safety function operation

| Safetyintegrity | High demand e | o PREETET O
i Level (SIL) (dangerous failures/hr) dernand)

4 210 to < 108 2102to < 104

3 >10% to < 107 >10% to < 10°3

2 >107 to < 10 >103 to < 102

1 >10° to < 10 >102 to < 10

hONI(U'K
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Functional Safety Certification

« Standards for providing the requirements for the functional safety system
— IEC 61508 : functional safety of electrical, electronic, and programmable electronic
equipment
— 1EC 61513 : for NPP system
— |EC 60880 : for category A software
— 1EC 62138 : for category A software
— 1SO 26262 : for automotive

SafeTi™ AZE0] 7HL Z2H2, 150 26262 X IEC 61508 “7I5 AT EEM ASILD X sIL3

ThlsproductrecelveleC 61508 ' ..“m:‘l E@é nas AR : : 1 : : : :
i i T..' ..E......A;‘.E‘A.<.:.‘.‘...":.........:.........l.........:.........:.........:.........:.

SILZ certification :
%[%%01 -;r; : gkl: :;ZH l-ccg o:\l I;:;;lL ] CSE,:?'AH,;ICATE NO Fsmrzzolwoo:o PAGE 11 ﬁm&m
<] :

e, MANUPACTURNG PLANT
= 855 ‘IOE 7I.II

: : : : AT | saeocemeanes
I =M e 7bazx|7] p : : ; : : :

Hercules™ MCU'AZE0] HEUEE 9|3t MZ & safeTl 2AF Il‘il W7|XZ 7l XY e U AF XY -

PROJECT NOMD g & 5

P

Sutatio for
a0 nciusng 882

- Sy R o e s st e -W-‘ 4

e e teats_ Ay Changes 1o the desiy

A 7= T LR

3a 47|

1] HA
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IEC 60880 112 AlEt

02

Software tool MEH2 (7H'&0| AHE|=) 608802] 1~12 chapter?| RFAIE S
£5}HLt 15 chapter2| assessmentE =0l 0F g => dedication 2t 1} H|X5HA|
AL E
— 608802 HM|XQl L§ 81} dedicationOf|A| AI23st1 Y= 1
of criteriall & | E S A|FHAEHA FIlQ Hado| CHsl 1
o= HEtHH

2 critical characteristics& &
{off 20 Mzt s £~ 9ls 7

=
[ -

X ZE|0{0f Sli= assessmentTE2 tool2| typef 2} E2tE
— 1. compiler, translator
2. verification tools
3. os
— 4. development support systems (e.g. word processor?)
5.
Z
A

version control tool (e.g. svn)
_ Ztzto| 250 ME £F0| i3 o BF
Compiler, translator2| optimization

— Should be avoided
— AL siChH, AHobY Zato]| sl test, verification, validation BFEA| =34
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COMMON POSITION EXAMPLE
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Common Position

« Licensing of safety critical software for nuclear reactors

— It is “Common position of international nuclear regulators and authorized technical
support organisations”

— Common technical positions on a set of important licensing issues

« Task force, which contains 7 countries, establish documents for licensing
issues of safety critical software (Licensing issues of safety critical software for
nuclear reactors)

— Belgium, Germany, Canada, Spain, United Kingdom, Sweden, Finland

« In the later, the U.S. NRC has participated in the meetings of the task force

This document should neither be considered as a standard. nor as a new set of European
regulations. nor as a common subset of national regulations, nor as a replacement for national
policies. It is the account, as complete as possible, of a common technical agreement among

National regulations may have additional requirements or different
requirements, but hopefully in the end no essential divergence with the
common positions.
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Common Position

« This documents consists of involved issues, common positions, recommended
practices about each licensing issues

« It provides 23 issues about licensing
— 1.1 Safety Demonstration
— 1.2 System Classes, Function Categories and Graded Requirements for Software
— 1.3 Reference Standards
— 1.4 Pre-existing Software (PSW)
— 1.5 Tools
— 1.6 Organizational Requirements
— 1.7 Software Quality Assurance Program and Plan
— 1.8 Security
— 1.9 Formal Methods
— 1.10 Independent Assessment
— 1.11 Graded Requirements for Safety Related Systems (New and Pre-existing Software)
1.12 Software Design Diversity
1.13 Software Reliability
1.14 Use of Operating Experience
1.15 Smart Sensors and Actuators
— 2.1 Computer Based System Requirements
— 2.2 Computer System Architecture and Design
— 2.3 Software Requirements, Architecture and Design
— 2.4 Software Implementation
— 2.5 Verification
— 2.6 Validation and Commissioning
— 2.7 Change Control and Configuration Management
— 2.8 Operational Requirements

) I{ I l EONEUK
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1.4 Pre-existing Software — Issues Involved

» Issues involved
— A set of issues about licensing

« Issues about 1.4 pre-existing software

— The functional behavior and non-functional qualities of the PSW is often not clearly
specified and documented

— It is not certain that developing under safety life cycle like IEC 60880

— The operational experience of the PSW are not often enough to compensate for the
lack of knowledge on the PSW (information about product and development process)


http://cse.konkuk.ac.kr/

B

14 P

re-existing Software - Common Position

« Common Position

A set of common positions on the basis for licensing and evidence which should be
sought by task forces

« Common positions about 1.4 pre-existing software

'DEPENDABLE SOFTWARE
LABORATORY

The functions that have to be performed by PSW, shall be clearly and
unambiguously specified

The code version of PSW shall be clearly identified
The interfaces (the user or other software) shall be clearly identified

The PSW shall have been developed and maintained according to QA standards and
software development process

Documentation and source code shall be available if modification
Documents of quality assurance plan and development process shall be available

Conditions for accepting
Verify the functions performed by the PSW about requirements specification
The PSW functions shall be validated by testing

Defects which are found during validation shall be analyzed

KU vy
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1.4 Pre-existing Software — Recommended Practices

 Recommended Practices
— Consensus on best design and licensing recommended practices by task forces

« Recommended Practices about 1.4 pre-existing software
— Operational experience may be regarded as evidence to validation or verification

— Configuration of the PSW:
= Functions used:
= Types and characteristics of mput signals, including the ranges and. 1f needed. rates of
change:
= User interfaces:
= Number of systems.
— Demand rate and operating time data should include:
= Elapsed time since first start-up:
= Elapsed time since last release of the PSW:
= Elapsed time since last severe error (if any):
= Elapsed time since last error report (if any):
= Types and number of demands exercised on the PSW.
— Error reports should include:
= Descriptions and dates of errors, severity:
= Descriptions of fixes.
— Release history should mnclude:
= Dates and identifications of releases:
= Descriptions of faults fixed, functional modifications or extensions:
= Pending problems.
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