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Introduction

« We developed the FBDtoVerilog translator

— It automatically translates an FBD to a Verilog program
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Background

» Logic Synthesis

— Register-transfer level

=>» Gate level

HDL
Coding

HDL

Synthesis

FPGA
Implementation

(Vendor-dependent

Netlist
(EDIF)

b

module example (in, clk, reset, out);
input in, clk, reset;
output out;

wire in, clk, reset;
reg mid1, mid2, out;

always @ (posedge clk or negedge reset) begin
if(lreset) begin
mid1 <= 0;
mid2 <= 0;
out <= 0;
end
else begin
mid1 <= in;
mid2 <= mid1;

out <= 1;
end
else begin
out <= 0;
end
end
end
endmodule

iffin==1 && mid1==1 && mid2==1) begin

RTL (Register-transfer level)

=

Synthesis

clk _‘r

mid1

mid2

aof—out

Gate level



발표자
프레젠테이션 노트
먼저 디지털 합성 (혹은 로직 합성) 이라는 단어 자체가 
조금은 애매하고도 추상적인 단어일수 있습니다. 
하지만 회로, 특히 디지털회로설계, 자동화설계 또는 전기전자과 등에서는 자주 사용되는 용어 라고 알고 있습니다.

사전적 정의를 보면, RTL(Register-Transfer Level)로 구현된 추상적인 회로를 실제 Gate들을 통해 구현하는, 바꾸는 과정

보통 디지털회로를 구현할 때는 RTL언어로 Verilog, VHDL, 혹은 System Verilog를 사용하고�이는 AND-OR 또는 latch 와 flip-flop 과 같은 gate level로 변환이 됩니다.

원래는 디자이너가 gate를 직접 작성해야 하지만 시스템의 사이즈가 커질수록 이러한 작업이 굉장히 힘들게 됩니다.
따라서 이를 지원해주는 것이 Synthesis tool 이고 이로 인해 
디지털 회로 분야가 비약적인 성장을 할 수 있는 동력이 되었다 라고 말할 수도 있을 것 같습니다.
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The Correctness Verification Technique

« Proposed Correctness Verification Technique

— 1) Indirect verification approach
— 2) Formal verification technique
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Indirect verification
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발표자
프레젠테이션 노트
상용 SW 합성도구는 COTS(Commercial Off-The-Shelf) 도구로서, 코드가 공개되지 않아, 
기존의 컴파일러나 변환기를 위한 증명(Proof & Verification) 기법들을 적용할 수 없
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Formal Verification .
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Input Target
program program

[ Equivalence ]

Checking
Tool J\

True False

Equivalence Checking

Specification Circuit | E’I;p ------------ 1
—_— 1
1 Asp

Osp
'::::::::::::::_I Oim
W !
1 [
Implementation Circuit ! Aim I
_p: — |
|
|
|
|



Formal Verification

« Commercial Equivalence Checking Tools
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발표자
프레젠테이션 노트
상용 SW 자동 합성도구의 안전성을 제3자의 입장에서 효과적으로 증명할 수 있는 기법과 자동화 도구를 개발
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EDIFtoBLIF-MV EiZ}t7| 7jut

. Synplify Pro
[ Verilog ] = [in Libero SoC] =-» [ EDIF ]
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Process of EDIFtoBLIF - MV =

« The Model Transformation from EDIF to BLIF-MV

EDIFtoBLIF-MV
(Section 4.E)

e

Apply assumptions

Verilog

and constraints
(Section 4.B)

/"

Y

EDIF

from Actel Libero IDE
|_—7 (Synopsys Synplify Pro)

Step 1.
Parsing

Convert into

|7 internal structures

v

Step 2.
Pre-processing

Apply assumptions
and constraints
(Section 4.C)

}

Step 3.
Translation
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(Section 4.D)
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Vis constraints

Vis constraints

1) Use the clock c/k only at the statement a/ways
@(posedge clk)

2) Do not use the time delay

3) Do not use the non-blocking statement

4) All reg variables should be initialized with 0

5) Do not use the /nteger typed variable

6) Do not use the size of bits to define parameter

The original Verilog program

g | KONKUK
JEPENDABLE SOFTWARE UNTVERSITY
LASCRATORY L —

The Modified Verilog program

input rst;
input clk;
input [ 1A
input [ 1B_i
output [ ]
output E_o;

;Ul_

i R o;
99[@ IR _o;

parameter [ ]1INT_HI =
parameter [ ]@I}NT_LO =

int t_tmp;
in egeré:;u _tmp;

always @(posedge rst or posedge clk)
begin ©
if(rst) begin
out_tmp <= 0;
R_ oﬂ-p ; ®
end else if(clk) | %egln
out_tmp == (A_i + B_i);
R_o=<=(A_i +B_i);
end
end

assign E_o = ((out_tmp = INT_HI)
| (out_tmp < INT_LO)) ?
endmodule

module ADD_INT_2(rst, clk, A i, B_i, R_o, E_o);

module ADD_INT_2(rst, clk, A_i, B_i, R_o, E_o);

input rst;

input clk;

input [ 1AL
input [ 1B
output [ 1
output E_o;

_i;
R_o; reg [ 1R_o;

parameter INT_HI =
parameter IN'[_LO = ;

reg [ ] out_tmp;
initial begfﬁ’
R o=10;
Out_tmp{éL ;
end

always @(posedge clk)

begin
if(rst) begin
out_tmp = 0;
Ro=0; @
end elseBegln
Oul tmp (A_i+B_i);
= (A_i + B_i);
end
end

assign E_o = ((out_tmp > INT_HI)
| (out_tmp < INT_LQ)) ?

endmodule




EDIF file
]
[ranslation Rule of EDIFtoBLIF - MV brary |
library
technology
v i i
i| cell | !
! i
il | cell !
H I
1
| view | E
I I
1
H view E
H I
I
| interface i
1
H i
No. EDIF BLIF-MV ! contents E
! I
e 1
- 1
1 Cell Declaration L] l.—ooomeomesssememem - 2
(Cell <cell_name> .model <cell name>
1-1 No. EDIF BLIF-MV
) .end
3 Cell Interface - Output Port & Function
i ! al <ce >
(edif _ _ l_nodv cell_name (Cell <cell_name> “model
(design <name> (csllRef <root_cell name> .root <root_cell_name> (view .inputs <input_names>...
(libraryRef <library_name=) (interface .outputs <output_name=>...
) end (port <input_name= (direction INPUT)) reset <output_name=
1-2 i (port <output_name= (direction OUTPUT) 0
3-1 (property function (<function=}}) latch <intput_name> <output_name>
Cell <cell_name=
( ) .end
s )
) (property is_sequential (integer 1))
No. EDIF )
2 Cell Interface - Ports (Cﬁlila;cell_name> ﬁ,‘sﬂf; <input_name>...
(Cell <cell_name> ‘model (interfacle . . .cutput§ <output_name=>...
(view inputs <ing (port <input_name= (direction INPUT)) .table <input_name=... 2 <output_name>
(interface Iout uts <o| 3-2 (port <output_name= (direction OUTPUT) .default 0
(port <input_name> (direction INPUT)) -outp (property function (<function=))) <Truth_table_of_functionality=
2-1 (port <output_name> (direction OUTPUT)) | .end y end
, )
)
)
)
(Cell <cell_name= .model
(view .inputs <input_name=<<min>>
(interface <input_name=><<min+1=>> ...
(port (array (rename <input_rename= <input_name=<<max>>
2.9 “<input_name=>[<max>:<min=>]"}

<array_num=) (direction INPUT))

.end




Translation Rule of EDIFtoBLIF - MV

EDIF

BLIF-MV

Truth Table of Functionality with Examples

property function (string "1")

table = output
=1

4-2

property function (string "A + B")

table A B = output
.default0

000

101

011

111

4-3

property function (string "A + B +C")

table A B C = output
.default0

0CcCO0

0011

0101

)
)

& CellC

(Cell <cell_name>
(view
(contents
{net <net_name> (joined

EDIF

Description

~ontent-instance

(viewRef <viewRef_name>
z= (libraryRef <libraryRef_name=))) ame=

ame>

.model

BLIF-
MV

.end

.mv <instance_name=, <instance_name + _intput_name_of_cellRef>, ...

.subckt <cellRef name= <instance name+ " subckt"=
<intput_name_of_cellRef> = <instance_name + _intput_name_of_cellRef>

<output_name_of cellRef> = <instance_name>

.model

BLIF | taple .. <original_name=_<order> ..
-Mv

.end

EDIF file

library

library

technology

view

view

interface

contents

{portRef <input_port> (instanceRef <input_instance_name=>))
(portRef <output_port> (instanceRef <output_instance_name=))

(portRef <output_port> (instanceRef <output_instance_name=))

:_name>_<input_port> - <output_instance_name>_<output_ports

:_name=_<input_port> =< <output_instance_name>_<output_port=

re_net_namex “<original_name = [arder]") (joined

:mber <member_name> <order=)




EDIFtoBLIF - MV Translator +
Equivalence Chegldng

- - w ¥
1 EDIFtoBLIF-MV Tew -ve =S

- e — - .  —
Menu  Help Configuration Menu
[ & | [ EDIFoBOF-MV | 558
% EDIFtoBLIF_MV % EDIFtoBLIF-MV 52 % Equivalence_Result =
7 Integer format _ Binary format
# state input File10utput | File20utput File13tate File23tate
4 LULOZSGL... 0o 00 0000000..[0100000... |~
5 LOLO_SGL.. 10 10 00000071 0100001 |
. ] LOLO_SGL.. (10 10 1000011010001, |=
| Verilog 7 [DLO SGL_ |00 11 Null Nl -
|| Path: CleygwinhomeiusenEx) Cr\cyawinthome\us erExperimentiBP_Verilogh Ccyawinthomelus erExperimentBP_Verilogy
' T = :
]
EDIFtoBLIF-NV Equivalence
iE | | Cha':king
EDIF Translation BLIF-MV
M LOLD_SGLT_WR_PY_IM:52 M LOLD_SGLT_WR_PY_IM:5
Path: ClcygwinthomeluseriEx Path: ClcygwinthomeiuserEx) - - - - - - - -
iw: LOLO_SGL1_WR_PV_INA2 lw: LOLO_SGL1_WR_PYV_IN:A
m QUTPUT: 00 w QUTPUT: 11
| ~|
« I i [ 1] [=4] I I [ 1] [=]
& console 32 :?ilgl—ﬁl‘._.’a‘rj'l:ﬁ
Conscle
@th node is created -
1th node is created
LOLO_SGL1 WR_PV_IN:1342177861 reset:@
2th node is created
LOLO_SGL1_WR_PV_IN:1342177861 reset:@
3th node is created
LOLO_SGL1 WR_PV_IN:1342177861 reset:@
4th node is created
LOLO_SGL1 WR_PW_IN:581 reset:@ A
5th node is created 7
P »




EDIFtoBLIF - MV Translator +
Equivalence Che_g_lfing tool

. —~ ~ - N
) EDIFtoBLIF-MV L4 J - [ = [ E [t

- o — . o —
Menu  Help Configuration Menu
[ & | [ EDIFoBOF-MV | 558
------------------- —

% EDIFtoBLIF_MV 5% EDIFtoBLIF-MV 52 % Equivalence_Result I’— s\EI
/ 7 Integer format _ Binary format \\
I # state input File10utput | File20utput File13tate File23tate ‘
3 EC ' ) LOLO_SGL. 00 00 0000000.J0100000..|~[}
HE LOLO_SGL. 110 10 0000007.J0700007.] g

: B LOLO_SGL.. 110 10 1000071010001 1...|=
Verilog 1 7 [DLO SGL_ |00 11 Null MUl | |
|| Path: Cloygwinhomelusentx) I CigwinhomewsenExperimentiBP_verilogt CicygwinhomelusenExperimentaP_verilogy [l
| 2] b i | S T
i |

EDIFtoBLIF-NV Equivalence I
Checkin IN: LOLD_SGL1_WR_PY IN:13 IN: LOLD_SGL1 WR_PY N1 |
- g
D — | i-@ | | I I
EDIF Translation BLIF-MY l l
IM; LOLO_SGL_WR_PY_IN:52 IN; LOLO_SGL1_WR_PY_IN:5

Path: Clcygwinihomeluse Path: ClcygwinthomeiuserEx) I - - - - - - - - l
E DI Fto B |_I F 1 iw: LOLO_SGL1_WR_PY_IN:G2 lw: LOLO_SGLT_WR_PY_IN:G I
-MV | m OUTPUT: 00 w OUTPUT: 11 |
\ ~| - |,

1 « I i [ 1] [=4] I I [ 1] [+

E N
& console 32 ‘\ =x @'—El -~ =£
CD”SDIE ‘_-----------------_
@th node is created -
1th node is created
LOLO_SGL1 WR_PV_IN:1342177861 reset:@ C t E m pl
2th node is created Oun er Xa e

LOLO_SGL1_WR_PV_IN:1342177861 reset:@

3th node is created

LOLO_SGL1 WR_PV_IN:1342177861 reset:@

4th node is created

LOLO SGL1_WR_PV IN:581 reset:@

5th node is created

4 3

1 =




3

vis> seq_verify FIX_RISING_EDIF.mv FIX_RISING_VIS.mv
Networks are sequentially equivalent.

is> seq_verify FIX_FALLING_TRIP_EDIF.mv FIX_FALLING_TRIP_VIS.mv
etworks are sequentially equivalent.

> seq_verify FIX_RISING_EDI

State 0 State 1 State 2

ADD,INT,EL-%O.cut,tmp<0>:0
ADD_INT_2_40.out. tmp-.l

E_INT_2_9_subckt.
E_INT_2_wire_9_ouU

_INT_2_. - L 8_subckt.R_
ADD_INT_2_42.out_tmp<l>:0 X :0 _INT_2_29_subckt.Rr
ADD_INT_2_42.out_tmp<2>:0 X 2> . _2_wire_28_ouT
ADD_INT_2_42_subckt.out_t : wire_29_ouT:1
ADD_INT_2_42_subckt.out_t : _ subckt.R_o_Q$
ADD_INT_2_42_subckt.out_t :

_| _2_31_subckt.R_ _INT_2_ —
AND_BOOL_2_39_subckt EL_INT_. ‘ _wire_58_oUT<2>:
AND_BOOL_2_71_subckt.R_o_t S _38.out_tmp<0>:1
AND_BOOL _2_ subckt R_0_{ SUB_INT_, 2 38.out_tmp<l>:1
AND_BOOL __. _31 _. 38_subckt.out_t
AND_BOOL _ SUB_ _" 8_subckt.out_t
AND_BOOL _ m re_71_0UT:0 i
AND_BOOL_2_wire_79_ouT:0

State 3 State 4 State 5
s --Goes to state 4:
40.o0ut tmpxb 1 _| _31_subckt.R_ - _2_
_2_wire_31_0OUT:0 SEL_BOOL_2_wire_57_
SEL_INT_Z_E}_subckt ouT_0, SEL_INT_2_ 63_ subckt
SEL_INT_2_wire_63_ouT<0>:
TRIP_LOGIC:1 1
TRIP_LOGICZO_QSNTK2:1 TRIP_ (NTZOZ _0_QSNTK2:1
-on input
<Unchanged>

State 8
--Goes to state 8

ADD_INT_2_42.out tmp(0> 0 SEL_BOOL_2_wire_64_oUT:0 OR_BOOL_4_wire_61_ouT:0
ADD_INT 2 42.out_ tmp<l>:1 TINT_2_65_subckT.OUT_O_jgmerd i

_42_subckt.out_tm
ADD_INT_2_42_subckt.out_tm

,2 39_subckt.R_o_

_wire_39_ouT:

—64_subckt.ouT_q}
_wire_64_ouT:1

etworks are NOT sequentially equivalent.
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Case study
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— 1) FBDtoVerilog 22 E Y2 example
2) Verilog £ 2t/ El example
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No.

FIX-
RISING

(Trip)

bit

4 bit

5 bit

6 bit

7 bit

8 bit

9 bit

10 bit

11 bit

12 bit

13 bit

14 bit

15 bit

16 bit

Translator

# of

combinatio

nal

# of pi

# of po

# of

latches

# of

edges

vIi2myv 191 9 13 19 418
EDIFtoBLIF-MV 519 9 13 19 653
vI2myv 231 10 16 23 511
EDIFtoBLIF-MV 598 10 16 23 771
vI2myv 274 11 19 27 607
EDIFtoBLIF-MV 696 11 19 27 902
vIi2myv 312 12 22 31 698
EDIFtoBLIF-MV 866 12 22 31 1116
vI2mv 354 13 25 35 793
EDIFtoBLIF-MV 937 13 25 35 1220
vIi2mv 392 14 28 39 884
EDIFtoBLIF-MV 1102 14 28 39 1443
vIi2myv 432 15 31 43 977
EDIFtoBLIF-MV 1274 15 31 43 1683
vIi2myv 472 16 34 47 1070
EDIFtoBLIF-MV 1471 16 34 47 1945
VI2Zmv 514 17 37 51 1165
EDIFtoBLIF-MV 1592 17 37 51 2089
vI2myv 554 18 40 55 1258
EDIFtoBLIF-MV 1735 18 40 55 2283
vI2myv 594 19 43 59 1351
EDIFtoBLIF-MV 1895 19 43 59 2506
vI2myv 634 20 46 63 1444
EDIFtoBLIF-MV 2091 20 46 63 2764
vI2mv 675 21 49 67 1538
EDIFtoBLIF-MV 2171 21 49 67 2893

Time

3.001 sec

41.039 sec

185.288 sec
(3m)

4687.821
(1h 18m)

Over 3 h....

Formal [jrouex

Pro

OK
479

448

449

44.8

44.6

452

447

447

45.6

45.5

45.9

47

495




bit
12000
10000
8000
6000
4000

2000

KU vy
—_—

/ FormalPro

/ —VIS

7 8 9 10 11 12 13 14 15 16 bit



. nu.l..m — KONKUK
LASCRATORY  Recehnihottt—t

Name of i # of # of Time FomalP
Logics Translator combinati # of po latches edaes (Reordering ro
9 onal 9 Option)
33 40 44

- vi2my 522 2 1224
1 H'TD%\I;]T— 2.419 sec Ok
EDIFtoBLIF-MV 417 33 2 40 42 558
, vi2my 17 4 2 5 5 34
2 H'—L‘l’jca'—'?owe 0.074 sec ok
r_Density EDIFtoBLIF-MV 43 4 2 5 7 53
- vi2my 550 36 3 45 56 1311
3 HP'—L°9— 3.443 sec Ok
ower EDIFtoBLIF-MV 45 47 636
~ vi2my 40 45 1259
4 PH'—PZR— 3.208 sec Ok
ressure EDIFtoBLIF-MV 40 42 606
, vi2my 40 47 1227
5 H'—ﬁliu— 2.260 sec Ok
EDIFtoBLIF-MV 39 M 561
: vi2my 40 46 1083
6 H'—ﬁ%z— 2.480 sec Ok
EDIFtoBLIF-MV 39 M 597
vi2my 40 58 1314
7 Lo_DNBR 3.148 sec Ok
EDIFtoBLIF-MV 40 42 560
vi2mv 5 5 34
8 LO—QNBR— 0.094 sec ok
ta EDIFtoBLIF-MV 5 7 53
vi2mv 68 72 1443 Size
9 :QO-PZR- lg\;‘er down Ok
neseiiE EDIFtoBLIF-MV 67 69 1914 3258
vI2mv 48 56 2007 Size
10 LOF—EV(\:/L 46.636 sec e Ok
EDIFtoBLIF-MV 48 50 2010 4810
vi2my 48 56 2007 Size
11 Loffvflz— 42,566 sec  down Ok
EDIFtoBLIF-MV 48 50 2010 48310
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Verilog -2

Name of # of Time
Logics Translator combina i (Reordering
9 tional Option)
- vi2mv 542 11 2 59 61 1279 Size
12 ERS - 473.498 sec down Ok
EDIFtoBLIF-MV 1260 11 2 58 60 1776 3258
— vi2my 542 11 2 59 61 1279 Size
13 ISRS - 589.266 sec down Ok
EDIFtoBLIF-MV 2 58 60 1776 328
Lo SGL1_ vi2mv
14 .
ESF EDIFtoBLIF-MV
vi2mv 525 33 2 40 47 1227
15 — 3.204 sec Ok
RPS EDIFtoBLIF-MV 40 42 598
Lo_SGL2_ vi2mv
16
ESF EDIFtoBLIF-MV
vi2mv 525 33 2 40 47 1227
17 LO—SPGSQ— 3.178 sec ok
EDIFtoBLIF-MV 40 42 598
: vi2Zmv
18 Variable_

OverPower  EpIFtoBLIF-MV
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