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Abstract

UDP library of Verilog HDL has been used for simulation of digital systems. But it takes a lot
of time and efforts to generate a gate-level library equivalent to the UDP library manually due to
the characteristic of UDP that does not support synthesis. It is indispensable to generate equivalent
gate—level model in testing the digital systems because fault coverage can be reduced without the
equivalent gate-level models. So, it is needed to automate the process of generating the equivalent
gate-level models. An algorithm to solve this problem has been proposed, but it is unnecessarily
complex and time-consuming. This paper suggests a new improved algorithm to implement the
conversion to gate-level models, which exploits the characteristic of UDP. Experimental results are
demonstrated to show the effectiveness of the new algorithm.
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M. Verilog User Defined
Primitives(UDP)

Verilog UDP= =4 23 UDPSl +3} UDP& +id
o 23 UDbe st 22 Aoz 74 «4)
= 2-93 muiltiplexer S Vel

primitive U_MUX 2 1 (Q, A, B, SL)
output Qs
input A, B, SL;

// FUNCTION : TWO TO ONE MULTIPLEXER
table

/ A B SL : Q
0 0o 2 0;
11 2?2 :© 1,
0O ?2 0 0.
1 2 0 1;
?7 0 1 0;
?7 01 1 1
endtable
endprimitive
g2 &3} UDPY o412, 1-94= D-Flip Flop&
hepaict

primitive U_FD N (Q, D, CP);

output Q;

input D, CP;

reg
// FUNCTION : NEGATIVE EDGE TRIGGERED D
FLIP-FLOP ( Q OUTPUT UDP ).

table

/D CP
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1 1o 7 1, // clocked data
0 Qo 7 0;
1 (x) o1 1, // reducing
pessimism
0 (Ix) 0 0;
1 0 1 L
0 0 0 0
7 (0x) : ? ¢ = // no change
on rising edge
7 (7D S
* ? D2 = // ignore
edges on data
endtable
endprimitive
Verilog UDPollA= ohg3t 2 AlghAkElS: T glck
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Fig. 1. Basic model for processing sequential
primitives.
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sh=dl g4 oo A9 222 e eV} g8
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@& 7% =% primitived] X9} gomz o] R
o st dwelE&S- &P muxed scan cellg ¥]F
gt 2E primitived #Hel¥ 5 U= tool®] FHe] 7}
SAAAE ellA wlR 2% pimitiveE 913 54
g otye|Ze] sfbe] EAL opjug B =FoxE
o]& A=kt

olAke] Ul4-& ulgto g =Z278l9] pseudo-codeS
2 okt 2ol

procedure main is
begin
while not_end_of_file()
parse_next_primitive();
separate_ports();
write_gate_level _network();
end-while
end main

8 3. a7 AR g 7R 2 A
Fig. 3. Basic model generation.
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procedure separate_ports is
begin
find_clock_ports();
find_reset_ports();
distinguish_set_and_reset_ports():
if clock_is_a_level_clock then
process_level_primitive();
else
process_edge_primitive();
end-if
find optional_ports();
record_port_types();
end separate_ports

a8 4. JHExEL B
Fig. 4. Input ports separation.
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procedure find_clock_ports is
begin
for every_state_transition
if on_state then
for every_ports
if port_has_valid_value then

if  state_transition_is_toggled
then

candidate_as_toggle_clock_port():
else
candidate_as_clock_port();
end-if

record_port_value_for_clock_type():
end-if
end-for
end-if
end-for

for every_state_transition
if off_state then
if port_is_candidated_as_clock_port
and port_is_active then
cancel_candidated_port();
candidate_as_data_port():
end-if
end-if
end-for
end find_clock_ports

a2l 5. clock *E detectoion
Fig. 5. Clock ports detection.
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procedure find_reset_ports is
begin
for every_state_transition
if on_state then
if clock_port_is_not_working_or_don't_
care then
for every_ports_with_valid_ value
candidate_as_reset_port():
end-for
record_port_value_for_reset_type();
end-if
end-if
end-for

for every_state_transition
if off_state
for every_ports
if port_is_candidated_as_reset_port
and port_is_active then
cancel_candidated_port():
candidate_as_data_port();
end-if
end—for
end-if
end-for
end find_reset_ports

12| 8. set(reset) £E detection
Fig. 6. Set(reset) ports detection.
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primitive U_FD_N_CE_RB_NO (Q, D, CP, RB, CE, NOTIFIER _REG);

output Q;
input NOTIFIER_REG,
D, CP, RB, CE;

reg Q;
// FUNCTION : NEGATIVE EDGE TRIGGERED D FLIP-FLOP WITH ACTIVE LOW
// ASYNCHRONOUS CLEAR and ENABLE ( Q OUTPUT UDP ).

table
// D CP RB CE
1 (10) 1 1
0 (o) 1 1
1 (10) 1 X
0 (10 1 X
0 (10) X 1
0 ? X 1
1 1 X 1
1 X (?x) 1
1 0 (7x) 1
X 1 X 1
X X ?x) 1
X 0 (?x) 1
0 ? X X
1 1 X X
1 X (?x)  x
1 0 (?x)  x
X 1 X X
X X (?x)  x
X 0 (?x)  x
1 (1x) 1 1
pessimism
0 (1x) 1
1 (x0) 1 1
0 (x0) 1 1
1 (1x) 1 X
pessimism
(1x) 1
1 (x0) 1 X
0 (x0) 1 X
? ? 0 ?

clear

?  (?0) 1 0
enabled

?  (Ix) 1 0

enabled
(70) X 0

enabled pessimism with reset

; {1x) X 0
enabled pessimism with reset

? ? (7x) 0
enabled pessimism with reset

? (7?1 ? ?
clock

7?7 (0x) ? ?
clock

* ? ? ?
on data

? ? (?1) 7
on clear

? 7 ? *

? ? ? ?

endtable

endprimitive

NOT%FIER_REG

PCTIC R RIL TG R PEG R REG PR R I T PRG DR, PEG PR PR

Qt
?
?
1
0
?
0
0
0
0
0
0
0
0
0
0
0
0
0
0
: 1
1
0
: 1
1 :
?.
?
?
0
0
0
?
?
?
?
?
?

Qt+1

1; // clocked data
0;

1; // clocked data
0;

0; // pessimism
0: // pessimism
0; // pessimism
0. // pessimism
0; // pessimism
0; // pessimism
0; // pessimism
0; // pessimism
0; // pessimism
0; // pessimism
0. // pessimism
0. // pessimism
0; // pessimism
0: // pessimism
0; // pessimism
: 1;  // reducing

0 : 0;

1; // reducing
0 : 0;

o

// asynchronous
-; // chip is not

- // chip is not

0; // chip is not

0; // chip is not

0; // chip is not

-5 // ignore falling
-; // ignore falling
-; // ignore the edges
-; // ignore the edges

)

X,
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919 primitive 2&llell sl chgat 22 AlolEaFE
o] g Ik

module U FDNCERBNOQ D CP, RB CE
NOTIFIER_REG);

input D, CP, RB, CE, NOTIFIER_REG:

output @

reg Qi

wire CP_inv, CE_inv, RB_inv;

inv(CP_inv, CP)

inv(CE_inv, CE)

inv(RB_inv, RB)

DFF_CK _D_CE_RESET(Q, CP_inv, D, CE_inv, RB_inv)
endmodule
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