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Automatic Circuit Extraction Using Program Slicing

ZHU Dan, LI Tun, WAN Hai, GUO Yang, LI S+kun
(College of Computer, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: The design extraction from HDL description has been greatly needed in modern V LSI design process, such as the
design verification, low power analysis, test generation and so on. This paper presents a new drcuit extraction method using
program slicing technique, and develops an elegant theoretical basis, based on program slicing, for circuit extraction from Verilog
description. With the technique we can obtain a “chaining slice” for each given signal of interest. Our method has advantage in
its fine grain, without writing-style limitation and in dealing with more Verilog components characteristics. T he technique has
been used in the design process and the results show its convenience, efficiency and good practicability.
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1 Verilog
Verilog ( , )
— (PDG) PDG
1 SL(p) P )8 P S(p) P DEF(s)
s REF (s) s
2 INPUT(p)( OUTPUT(p)) p () . REF(p)(DEF(p))
() .
REF(p)= INPUT(p) SL(p)U U REF(s)
DEF(p)= OUTPUT(p)= U DEF(s)
3 PDGu=<Npr, E, 2D, U, S, I, O> M XM
iN, M  E SISNp, M :OCSNp, M
;D:Ng " M%) U:Ne,|” Y(%) PDGy Ne,
(A (W) ;S:EIT WY E
Module example (clk, reset, read, in, ol, 02, 03), alw_ays @ (count or o) 3)
begin
input clk, reset, read; if (count==15)next_out~ol+1;
bnput [3: 0] in; else next_out=ol;
output [3. 0] o1, 02, 03; end e
reg {3: 0Jol, in_net, count, next_out, alwags @ (posedge clk) 4
iways @ (posedge clk) w .l)eiiln=add4 (next_out, count):
bc.gfm . . 2 od=in_net; ’ '
if (reset) in_net=0; end
else if (read) in_neton, . _: .
else in_net=in_net; assign 02=in_net+count, 3
end function Add4(A, B), (o)
;le:: O povedge e @ input [3:0}4, B;
1f (reset) count=0; add=A+R:
T e e
end ) endmodule
(a) (b)
1 Verilog PDG
Fig.1 A simple Verilog example and its PDG
1 1 DE RE
Tab.1 DEF and REF of the nodes in Fig. 1
DEF ( OUT-
( ) Node ID REF (INPUT)
PUT )
, DEF REF 1 {in _ net} { dk, reset, read, in, in _net}
, 2 {count} { dk, reset, count}
1 Verilog 3 {next _out} {ol, count}
PDG 4 {ol, 03} { dk, next _out, n _net}
1 1 5 {02} {in _net, count}
L 6 {add4} {A, B}
2 Verilog

4 C=<Vs, V> , V. Vs M PDGy
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5 C=< Vs, V> , PrSe, M
) Vs |4
: @ e NE)
, Verilog —
2.1
vEV, PDGy, RPS={pl(p ENp)AND(v EDEF(p))} ,
. RPS v €V LV ;
2 2 2
C , 2
C, k ,
1 i 0: C= <3 (i> alw ay.s @ ( posedge clk) (4
begin
2 k=1 1= add t t t);
3 - result= {1, 3) ol= add ( next _out, count);
end
2 3
Fig.2 A code fragment Fig.3 The slice obtained from stepl
C Cr=<{p} (i}, vi}>, p €RPS, p.ip €S(p),
i v , vi €({v} Uref(i))
s Cp, Ci; Cw
, Cr =<1, vi> pERPS )
2
SUCC(n) n ,D(n) n ), U(n) n
) Re(n) C ;

RY(n)= fv= Vin=i)Uf U(n)ID(n)NRY(SUCC(n))Z UfRYL(SUCC(n))- D(n))

0
S C TI,‘

S% =(n€N¢, 1 D(n)NRE, (SUCC(n)) ZH)
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Sc
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Rc¢
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v

v

v

+ 1
Se¢ = 8¢,
T, Ty
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VnEN: ngrvl(n)z R’Z*T’k(n)z Rch(n)

(4)
REF(INPUT) , &

PrSc=< I, {ol)>

S ,
REF(p)
1 PDG
{(4)), <(4), 1, {ol, nect _out, count}>
2.2 PDG
PDG P

DPN

E)AND(S(e) €S- REF(p))),

reset

DPN= {pENrl(e(p, Cp)E
P >

4 DPN
Fig. 4 DPN graph obtained from PDG slicing
4 3 PDG , >
DPN )
p , PreP ; , PreP ,
S-REF(p), ; ) PreP »,
» , DPN DPN P
, Pre _Img(P), P DPN
2.3 DPN
, DPN PDG
PreP , alw ays@ ( posedse clk) (2)
’ DPN 1;6%1;( reset) count= 0; criterion:
, 2.1 2 else if{ count= = 15) count= 0;  C= < 3, {comt} >
DPN znd else count= count+ 1;
DPN alw ays@ (comnt or ol) (3)
DPN ) (1)~ (4 begin criterion:
1 if( count= = 15) next _out= ol+ 1;C= < 2, {next _, ol} >
5 4 end
2 3 function Add4(A, B); (6)
DPN ) 2.1 input] 3 0] A, B;
2.2 ) DPN adways@ (A or B) add= A+ B;
n ,DEF(n) NV, Z®, Pre-Img endfun ction
2.1 2.2 5 DPN
Fig.5 Slicing in DPN nodes of the example
( 0) . ,
2.1 2.2 : 6 2 PrSe, p2 ,
vl pl pl , w?2 p2,
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p2 , v2 w1 , ¥2
P2 Prep, S .0
vl
, C Sr, Sr= USyp
vEV
2.4 Verilog 6
7 , 8 1 Fig.6 Process nodes loop
Verilog )
2
1
1
/% alw ays@ ( count or ol) (3)
D & the Verilog description file; begin
C= < V_, V> isthe slicing criterion. f(count= = 15 next _out= ol+
/* . ) . . -
Verilog _Slicing(D, C) Module example ek, o1); b else next _out= ol;
for each vin V do input olk; end
{ output [ 3 0] ol;
TI:aI-ISf()I"IH _ Criterion(v) ; reg [ 3 0] ol, count, next _out; |always@ ( posedge clk) (4)
Slicing( v, p) 3 alw ays@ (posedge clk) (2) |begin
Found _DPN _Graph(p); bei 1= add .
while( (1 reach(V )| F(find _new DPN()< > NULL)) egin ol= add(next _out, count) ;
{ ’ - - if (reset) count= 0; end
for each p in DPN graph else if( comt= = 15) count=
Sv= Sv+ Slicing _ DPN(p); 0; function Add4( A, B); (6)
/* find new DPN graph for last iteration DPN nodes* / else count= count+ 1; input [3 0] A, B;
Find _DPN _Graph( DPNP) 5 end add= A+ B:
| } endfunction
Final _ Slice() ;
endmodule
7 Verilog 8
Fig.7 Circiut extraction algorithm using program slicing Fig. 8 T he chaining slice of the example
2
2
3
S<111U02U...U1)"> = S< v,> LJS< v,> U "'US< v, >
R L'IUZ/'2U-~»U1)'L> ( n)= R v > (n) UR< v,> (n) U ---UR< v, > (n)
3 ;
1 0 C  Verilog M T=<To Ti, T,
s Te, > M , ¢ , T€0,1,X,7Z), Q0 M
3
: (
) Verilog , VLSI
PicoJava 1! DCU ( ), SMU ( ) TU-
Pipe ( ) 2 , 3
FSM 3 3 4
PDG , Verilog
8
VIS BLIF'® , VIS FSM
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100% FSM ,
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Tab. 2 The design informat ion

Designs DCU SMU IU-Pipe
# Lines in HDL code 3979 1476 1953
# Nodes in PDG 309 74 68
# Edges in PDG 3504 1390 1434
# Registers in designs 385 217 4558
3

Tab.3 Experimental result

Designs Extracted FSM Properties
FSM Name # Nodes # Register
DCU Fill 4 >
Miss 14 6
WB 10 8
Zero 8 6
SMU Dribble 3 >
Six 10 2
Spill 32 4
I'U-Pipe Smis 14 4
Lduse 23 4
Fold 17 5
Verilog
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