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V. Conclusions

The VHDL mo de l s we r e s i mul a t e d wi t h a nd wi t ho ut WAVES. The r e s u l t s f r om bo t h w
f o und t o b e e qui va l e nt . S i nc e t he WAVES manua l wa s i nc ompl e t e a nd c o nt a i ne d e r r o r s ,
d i �c ul t y l e a r n i ng a nd i mpl me nt i ng t he s t a nda r d . Re c omme nde d c o r r e c t i o ns a nd a ddi
b e e n s ubmi t t e d . The i nt e g r i t y o f t he e xi s t i ng o f WAVES s o f t wa r e wa s f o und t o b e i nt a c
WAVES s o f t wa r e e x i s t e d f o r c ompl e t i ng t h i s pr o je c t .
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mg waves_system

mg waves_standard.waves_standard

mg -bod waves_standard.waves_standard

mg waves_logic

mg -bod waves_logic

mg waves_interface

mg -bod waves_interface

mg waves_codes

mg waves_device

mg waves_objects

mg -bod waves_objects

mg waves_generator

mg -bod waves_generator

mg -top test"(test)"

build -replace test"(test)"

sim test

Thi s i s a c ommand �l e f o r a na l y z i ng , mo de l g e ne r a t i ng , bu i l d i ng , a nd s i mul a t i ng
r a ndompa t t e r n g e ne r a t o r us i ng t he I nt e r me t r i c s , I nc . St a nda r d VHDL 1 0 7 6 Suppo r t En
Fi r s t , t he l ow- l e v e l c ompo ne nt s c ompr i s i ng t he pa t t e r n g e ne r a t o r a r e a na l y z e d a nd mo
Ne x t , t he WAVES pa c ka g e s a r e a na l y z e d a nd mo de l g e ne r a t e d . Fi na l l y, t he t e s t b e nc h i
mo de l g e ne r a t e d , bu i l t a nd s i mul a t e d . The g e ne r a l way t o e x e c ut e t he � l e i s :

% csh -v command �le name >& l og �le name &
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IV. Command Fi l e

--- Intermetrics, Inc. command file ---

vls define waves_standard work

vhdl std.vhd

vhdl and_gate.vhd

vhdl or_gate.vhd

vhdl dff_reset_beh.vhd

vhdl prpt_stage1.vhd

vhdl prpt_stage.vhd

vhdl prpt.vhd

vhdl prpt_beh.vhd

vhdl prpt_gen.vhd

vhdl master.vhd

vhdl slave.vhd

vhdl prptconf.vhd

mg inv"(inv)"

mg invz"(invz)"

mg nand_gate"(nand_gate)"

mg nand3_gate"(nand3_gate)"

mg xor_gate"(xor_gate)"

mg xor_gate2"(xor_gate2)"

mg nor_gate"(nor_gate)"

mg ptrans"(ptrans)"

mg ntrans"(ntrans)"

mg tgate"(tgate)"

mg and_gate"(and_gate)"

mg or_gate"(or_gate)"

mg dff_reset"(beh)"

mg prpt_stage1"(structural)"

mg prpt_stage"(structural)"

mg prpt"(structural)"

mg prpt"(beh)"

mg prpt"(struct_generate)"

mg master_clock"(master_clock)"

mg slave_clock"(slave_clock)"

mg prptconf

vhdl waves_system_.wav

vhdl waves_standard_.wav

vhdl waves_standard.wav

vhdl waves_logic.vhd

vhdl waves_interface_.wav

vhdl waves_interface.wav

vhdl waves_codes.vhd

vhdl waves_device.vhd

vhdl waves_objects_.wav

vhdl waves_objects.wav

vhdl waves_form.vhd

vhdl test_bench.vhd # use test_prpt.vhd for non-WAVES test bench
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for i in seed'high downto seed'low loop

write(outline,seed(i));

end loop;

write(outline,string'(" : "));

write(outline,now);

writeline(out_lfsr,outline);

for i in pat1'high downto pat1'low loop

write(outline,pat1(i));

end loop;

writeline(out_lfsr,outline);

end process;

end test;

Fi l e tes t prp t .v h d i s a pa t t e r n g e ne r a t o r t e s t b e nc h t ha t do e s no t us e a WAVES
I t g e ne r a t e s t e s t v e c t o r s i de nt i c a l t o t ho s e bui l t by t he wa ve f o r mg e ne r a t o r pr o c e d
Thi s t e s t b e nc h us e s t hr e e d i �e r e nt a r c h i t e c t ur e s f o r t he e nt i t y prpt, a s t r uc t ur a l o
o ne , a nd a s t r uc t ur a l mo de l t ha t us e s ge ne r at e s t a t e me nt s t o i ns t a nt i a t e t he prpt s
c ompo ne nt s . I t c ompa r e s t he o ut put s f r omt he t hr e e prpt c ompo ne nt s a g a i ns t e a c h o t he
i s a d i s c r e pa nc y, s i mul a t i on i s s t o pp e d wi t h a n a s s e r t i o n s t a t e me nt . The t e s t b e nc
t he dua l c l o c k a nd i t s a s s o c i a t e d g a t e s .

t e s t be n c h . v h d i s t he t e s t b e nc h t ha t us e s a WAVES da t a s e t . I t c o nt a i ns t he
po ne nt s a s t e s t p r p t . v h d , a l o ng wi t h a c o nc ur r e nt c a l l t o t he wave f o r mg e ne r a t
pr o c e s s t o s e t t he ma t c h va l ue s f o r t he o ut put p i ns , a pr o c e s s t ha t f e e ds wave f o r
t o i nt e r na l s i g na l s , a nd pr o c e s s e s t ha t wr i t e i nput a nd o ut put da t a t o e x t e r na l � l
f unc t i o ns t ha t c o nve r t l ogic value o b j e c t s t o c ha r a c t e r s a nd bi t s . I t do e s no t manua l
t e s t v e c t o r s , but us e s t he wa ve f o r mg e ne r a t o r pr o c e dur e t o bui l d t he m f r omt he e x t e

The s e t wo t e s t b e nc he s pr o duc e t he s ame i nput wa ve f o r ms a nd o ut put v e c t o r s .
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end if;

end if;

end loop;

end process;

view : process(test_enable,load_seed,stop,reset,polynomial,seed)

variable outline : line;

file outfile : text is out "waves.out";

begin

write(outline,now);

writeline(outfile,outline);

write(outline,string'("stop : "));

write(outline,stop);

writeline(outfile,outline);

write(outline,string'("test_enable : "));

write(outline,test_enable);

writeline(outfile,outline);

write(outline,string'("load_seed : "));

write(outline,load_seed);

writeline(outfile,outline);

write(outline,string'("reset : "));

write(outline,reset);

writeline(outfile,outline);

write(outline,string'("polynomial : "));

for i in polynomial'high downto polynomial'low loop

write(outline,polynomial(i));

end loop;

writeline(outfile,outline);

write(outline,string'("seed : "));

for i in seed'high downto seed'low loop

write(outline,seed(i));

end loop;

writeline(outfile,outline);

write(outline,string'("pattern : "));

for i in pat1'high downto pat1'low loop

write(outline,pat1(i));

end loop;

writeline(outfile,outline);

end process;

lfsr_out : process(pat1)

variable outline : line;

file out_lfsr : text is out "lfsr.out";

begin

write(outline,stop);

write(outline,test_enable);

write(outline,load_seed);

write(outline,reset);

for i in polynomial'high downto polynomial'low loop

write(outline,polynomial(i));

end loop;
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clock2,clock2_bar,test_enable,pat2);

prpt3 : prpt

port map(seed,load_seed,polynomial,reset,clock1,clock1_bar,

clock2,clock2_bar,test_enable,pat3);

master_clock1 : master_clock port map(stop,CP);

slave_clock1 : slave_clock port map(CP,clock2);

and_gate1 : and_gate port map(CP,test_enable,interm1);

and_gate2 : and_gate port map(load_seed,CP,interm2);

or_gate1 : or_gate port map(interm1,interm2,clock1);

match_proc : process

variable first_time : boolean := true;

type ev_ptr is access system_event_value;

variable ev : ev_ptr;

variable rel_flag,dir_flag : boolean;

--variable outline : line; -- for debugging

--file outfile : text is out "match.out";

begin

if first_time then

for j in test_pin_range loop

connect_m(j).m_value <= true;

end loop;

first_time := false;

end if;

wait until pat1'stable;

for i in test_pin_range loop

ev :=

new system_event_value'(value_dictionary(logic_value'val(connect(i).l_value)));

dir_flag := false;

rel_flag := false;

for k in ev.all'range loop

if ev(k).kind = direction_kind then

if ev(k).value = direction_type'pos(response) then

dir_flag := true;

end if;

elsif ev(k).kind = relevance_kind then

if ev(k).value = relevance_type'pos(required) then

rel_flag := true;

end if;

end if;

end loop;

if (connect(i).m_control = sample) and dir_flag and rel_flag then

if (test_vector(i) = pat2(100-i)) and (test_vector(i) = pat3(100-i)) then

connect_m(i).m_value <= connect_m(i).m_value and true;

else

connect_m(i).m_value <= connect_m(i).m_value and false;

-- write(outline,now);write(outline,i);

-- write(outline,test_vector(i));

-- write(outline,data_to_bit(logic_value'val(connect(i).l_value)));

-- writeline(outfile,outline);
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end case;

end data_to_bit;

subtype test_pin_range is integer range

test_pins'pos(test_pins'left) + 1 to

test_pins'pos(test_pins'right) + 1;

signal test_vector : bit_vector(test_pin_range);

alias pat1 : bit_vector(31 downto 0) is test_vector(69 to 100);

alias polynomial : bit_vector(31 downto 0) is test_vector(5 to 36);

alias seed : bit_vector(31 downto 0) is test_vector(37 to 68);

alias load_seed : bit is test_vector(3);

alias reset : bit is test_vector(4);

signal clock1 : bit;

signal clock1_bar : bit;

signal clock2 : bit;

signal clock2_bar : bit;

signal CP : bit;

alias stop : bit is test_vector(1);

signal pat2 : bit_vector(31 downto 0);

signal pat3 : bit_vector(31 downto 0);

signal interm1,interm2 : bit;

alias test_enable : bit is test_vector(2);

signal connect : waves_port_list(test_pin_range);

signal connect_m : waves_match_list(test_pin_range);

begin

waves : waveform(connect,connect_m);

read : process(connect)

begin

stop <= transport data_to_bit(logic_value'val(connect(1).l_value));

test_enable <= transport

data_to_bit(logic_value'val(connect(2).l_value));

load_seed <= transport

data_to_bit(logic_value'val(connect(3).l_value));

reset <= transport data_to_bit(logic_value'val(connect(4).l_value));

for i in polynomial'high downto polynomial'low loop

polynomial(i) <= transport

data_to_bit(logic_value'val(connect(36-i).l_value));

end loop;

for i in seed'high downto seed'low loop

seed(i) <= transport

data_to_bit(logic_value'val(connect(68-i).l_value));

end loop;

end process;

inv1 : inv port map(clock1,clock1_bar);

inv2 : inv port map(clock2,clock2_bar);

prpt1 : prpt

port map(seed,load_seed,polynomial,reset,clock1,clock1_bar,

clock2,clock2_bar,test_enable,pat1);

prpt2 : prpt

port map(seed,load_seed,polynomial,reset,clock1,clock1_bar,
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generic

( constant clock_low_time : time := 60 ns;

constant duty_cycle_time : time := 40 ns);

port

( master_go : in bit;

Phi1 : buffer bit := '1');

end component;

for all : master_clock use entity work.master_clock(master_clock );

component slave_clock

generic

( constant pulse_width : time := 40 ns;

constant pulse_delay : time := 10 ns);

port

( external_trigger : in bit;

Clock_out : out bit := '0');

end component;

for all : slave_clock use entity work.slave_clock(slave_clock );

component or_gate

port (X, Y : in bit;

Output : out bit);

end component;

for all : or_gate use entity work.or_gate(or_gate);

component and_gate

port (signal X,Y:in bit;

signal Output:out bit);

end component;

for all : and_gate use entity work.and_gate( and_gate );

function data_to_char(data : logic_value) return character is

begin

case data is

when logic_i0 => return '0';

when logic_i1 => return '1';

when logic_o0 => return '0';

when logic_o1 => return '1';

end case;

end data_to_char;

function data_to_bit(data : logic_value) return bit is

begin

case data is

when logic_i0 => return '0';

when logic_i1 => return '1';

when logic_o0 => return '0';

when logic_o1 => return '1';
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wait for 100 ns;

assert (not pat1'stable) or (not pat2'stable) or (not pat3'stable) or

((pat1 = pat2) and (pat1 = pat3)) report "patterns do not match"

severity failure;

assert (stop = '1') report "done" severity failure;

end if;

end process;

end test;

| t e s t b e n c h . v h d WAVES t e s t b e nc h |

use std.textio.all;

use work.waves_system.all;

use work.waves_logic.all;

use work.waves_interface.all;

use work.waves_device.all;

use work.waves_objects.all;

use work.waves_generator.all;

entity test is end;

architecture test of test is

component prpt

port(seed : in bit_vector(31 downto 0);

load_seed : in bit;

polynomial : in bit_vector(31 downto 0);

reset : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

pattern : out bit_vector(31 downto 0));

end component;

for prpt1 : prpt use entity work.prpt(structural);

for prpt2 : prpt use entity work.prpt(beh);

for prpt3 : prpt use configuration work.prptconf;

component inv

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:out bit);

end component;

for all : inv use entity work.inv( inv );

component master_clock
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master_clock1 : master_clock port map(stop,CP);

slave_clock1 : slave_clock port map(CP,clock2);

and_gate1 : and_gate port map(CP,test_enable,interm1);

and_gate2 : and_gate port map(load_seed,CP,interm2);

or_gate1 : or_gate port map(interm1,interm2,clock1);

load_seed <= '1' after 50 ns,

'0' after 150 ns,

'1' after 2400 ns,

'0' after 2495 ns,

'1' after 3400 ns,

'0' after 3495 ns,

'1' after 4400 ns,

'0' after 4495 ns,

'1' after 5400 ns,

'0' after 5495 ns;

reset <= '0' after 30 ns,

'1' after 2200 ns,

'0' after 2390 ns,

'1' after 3200 ns,

'0' after 3390 ns,

'1' after 4200 ns,

'0' after 4390 ns,

'1' after 5200 ns,

'0' after 5390 ns;

stop <= '1' after 100 ns,

'0' after 7000 ns;

test_enable <= '1',

'0' after 2400 ns,

'1' after 4395 ns;

seed <= "10100000000000000000000000000000" after 2400 ns,

"11110000000000000000000000000000" after 3400 ns,

"01010000000000000000000000000000" after 4400 ns,

"00110000000000000000000000000000" after 5400 ns;

process

variable wait_var : boolean := true;

begin

if wait_var then

wait for 40 ns;

wait_var := false;

assert (not pat1'stable) or (not pat2'stable) or (not pat3'stable) or

((pat1 = pat2) and (pat1 = pat3)) report "patterns do not match"

severity failure;

wait for 55 ns;

else
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end component;

for all : slave_clock use entity work.slave_clock(slave_clock );

component or_gate

port (X, Y : in bit;

Output : out bit);

end component;

for all : or_gate use entity work.or_gate(or_gate);

component and_gate

port (signal X,Y:in bit;

signal Output:out bit);

end component;

for all : and_gate use entity work.and_gate( and_gate );

signal pattern : bit_vector(95 downto 0);

signal polynomial : bit_vector(31 downto 0) :=

"00110000000000000000000000000000";

signal seed : bit_vector(31 downto 0) :=

"01010000000000000000000000000000";

signal load_seed : bit := '0';

signal reset : bit := '1';

signal clock1 : bit := '1';

signal clock1_bar : bit := '0';

signal clock2 : bit := '0';

signal clock2_bar : bit := '1';

signal CP : bit := '1';

signal stop : bit := '0';

alias pat1 : bit_vector(31 downto 0) is pattern(95 downto 64);

alias pat2 : bit_vector(31 downto 0) is pattern(63 downto 32);

alias pat3 : bit_vector(31 downto 0) is pattern(31 downto 0);

signal interm1,interm2 : bit;

signal test_enable : bit := '1';

begin

inv1 : inv port map(clock1,clock1_bar);

inv2 : inv port map(clock2,clock2_bar);

prpt1 : prpt

port map(seed,load_seed,polynomial,reset,clock1,clock1_bar,

clock2,clock2_bar,test_enable,pat1);

prpt2 : prpt

port map(seed,load_seed,polynomial,reset,clock1,clock1_bar,

clock2,clock2_bar,test_enable,pat2);

prpt3 : prpt

port map(seed,load_seed,polynomial,reset,clock1,clock1_bar,

clock2,clock2_bar,test_enable,pat3);
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III. Test Bench Programs

|t e s t p r p t . v h d Thi s t e s t b e nc h do e s no t us e WAVES |

entity test is end;

architecture test of test is

component prpt

port(seed : in bit_vector(31 downto 0);

load_seed : in bit;

polynomial : in bit_vector(31 downto 0);

reset : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

pattern : out bit_vector(31 downto 0));

end component;

for prpt1 : prpt use entity work.prpt(structural);

for prpt2 : prpt use entity work.prpt(beh);

for prpt3 : prpt use configuration work.prptconf;

component inv

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:out bit);

end component;

for all : inv use entity work.inv( inv );

component master_clock

generic

( constant clock_low_time : time := 60 ns;

constant duty_cycle_time : time := 40 ns);

port

( master_go : in bit;

Phi1 : buffer bit := '1');

end component;

for all : master_clock use entity work.master_clock(master_clock );

component slave_clock

generic

( constant pulse_width : time := 40 ns;

constant pulse_delay : time := 10 ns);

port

( external_trigger : in bit;

Clock_out : out bit := '0');
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f o r i nput p i ns a nd response f o r o ut put p i ns . Re le v a n c e i s required f o r a l l p i ns he r e . Re l

us e d by t he t e s t b e nc h pr o g r amt o de t e r mi ne t he p i ns f o r whi c h t o c he c k t he a c t ua l va
t he pr e d i c t e d va l ue s .

wa v e s c od e s . v h d c o nt a i ns t he pa c ka g e t ha t de �ne s t he WAVES- r e qui r e d c o ns t a n
I n t h i s mo de l , o n l y b i t va l ue s `0 ' a nd ` 1 ' a r e us e d , s o pin codes i s t he s t r i ng "01".

wa v e s d e v ic e . v h d c o nt a i ns t he pa c kag e t ha t de �ne s t he WAVES- r e qui r e d e nume
test pins. test pins c o ns i s t s o f o ne uni que name f o r e a c h i nput a nd o ut put p i n o f t he s h i f t
The o r de r o f va l ue s i n t e s t v e c t o r wa ve f o r ms mus t ma t c h t he o r de r o f p i n name s i n
The pi n name s a r e a bbr e v i a t e d f o r ms o f stop, test enable, l oad seed, reset, polynomial (31) downt o
polynomial (0), seed(31) downt o seed(0), a nd pattern(31) downt o pattern(0), r e s p e c t i v e l y.

wa v e s fo r m. v h d c o nt a i ns t he pa c ka g e t ha t de �ne s t he WAVES- r e qui r e d wa ve f o r m
pr o c e dur e . The r e i s no s p e c i �c name r e qui r e d ; t h i s pr o c e dur e i s name d waveform. The p
s uppl i e s wave f o r ms f o r t he s h i f t r e g i s t e r by r e a d i ng da t a f r om an e x t e r na l � l e wa

Ea c h r e c o r d (l i ne ) o f t he e x t e r na l � l e s uppl i e s a va l ue f o r e a c h t e s t p i n a t e a c h g i
t i me . Fi r s t , a time data va r i ab l e ( c a l l e d td he r e ) mus t b e bui l t . Se v e r a l i nt e r me di a t e c
de c l a r e d t o a vo i d ha v i ng o ne hug e de c l a r a t i o n . td i s f o r me d f r om a f r ame s e t a r r a y f
s e t a r r a y i s l i ke a t e mpl a t e , wi t h e a c h pi n ha v i ng a s l o t f o r e a c h l ogic value i t c a n ha v
0 na no s e c o nds . The t wo ma t c h pr o c e dur e c a l l s a r e f o r s e t t i ng t he m c o n t r o l va l
I nput p i ns g e t a va l ue o f h o l d , me a ni ng no c he c k i ng o f a c t ua l v e r s us pr e d i c t e d pi n
by t he f unc t i o n ma t c h . Out put p i ns g e t a va l ue o f s a mp l e , me a ni ng c he c k i ng o f
pr e d i c t e d va l ue s wi l l b e do ne o n t he s e p i ns by f unc t i o n ma t c h . The l o o p i n t he pr
a r e c o r d f r om t he e x t e r na l da t a � l e , a ppl i e s t he g i v e n bi t va l ue s f o r e a c h s p e c i �e d
f o r t he amount o f t i me s p e c i �e d by t he de l a y t i me va l ue i n e a c h r e c o r d . The r e i s a
t he f unc t i o n ma t c h i n t he l o o p . Af t e r e a c h wave f o r mi s a ppl i e d , a nd s i mul a t i on t i
a ppr o pr i a t e l y a c c o r d i ng t o t he g i v e n de l a y t i me , e a c h pi n wi t h a n m c o n t r o l va l
g e t s i t s a c t ua l va l ue c he c k e d a g a i ns t t he va l ue pr e d i c t e d f o r i t i n t he e x t e r na l d
i s a d i s c r e pa nc y, t he a s s e r t i o n s t a t e me nt wi l l c a us e s i mul a t i on t o s t o p . Thi s c o n
e nd- o f - � l e o f wa v e s e x t e r n a l . i s r e a c he d .
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constant input_fs : frame_set :=

frame_event((logic_i0,t0)) +

frame_event((logic_i1,t0));

constant output_fs : frame_set :=

frame_event((logic_o0,t0)) +

frame_event((logic_o1,t0));

constant fsa : frame_set_array :=

new_frame_set_array(input_fs,input_pins) +

new_frame_set_array(output_fs,output_pins);

variable td : time_data := new_time_data(fsa);

variable slice : file_slice := new_file_slice;

file lfsr_data : text is in "waves_external";

constant match_pins : pinset := all_pins;

begin

match(connect,hold,input_pins);

match(connect,sample,output_pins);

loop

read_file_slice(lfsr_data,slice);

exit when slice.end_of_file;

apply(connect,slice.codes.all,delay(slice.fs_time),td);

assert (match(connect_m,match_pins)) report "no match" severity failure;

end loop;

end waveform;

end waves_generator;

|wa v e s e x t e r n a l . |

"0101001100000000000000000000000000000101000000000000000000000000000000000000000000000000000000000000 : 30 ns ;

=4 0 : 20 ns ;

=3 1 : 50 ns ;

=1 1 : 50 ns ;

=3 0 : 2050 ns ;

=4 1 : 190 ns ;

=4 0 : 10 ns ;

=2 01 =37 10100 : 95 ns ;

=3 0 : 705 ns ;

=4 1 : 190 ns ;

=4 0 : 10 ns ;

=3 1 =37 11110 : 95 ns ;

=3 0 : 705 ns ;

=4 1 : 190 ns ;

=4 0 : 5 ns ;

=2 1 : 5 ns ;

=3 1 =37 01010 : 95 ns ;

=3 0 : 705 ns ;

=4 1 : 190 ns ;

=4 0 : 10 ns ;

=3 1 =37 00110 : 95 ns ;

=3 0 : 1505 ns ;

=1 0 : 0 ns ;

wa v e s h e a d e r . v h d i s t he WAVES he a de r � l e t ha t do c ume nt s t he o r de r o f a na l
pa c kag e s , t he name o f t he wa ve f o r mg e ne r a t o r pr o c e dur e , a nd t he name s o f a ny e x t e r n

wa v e s l o g i c . v h d c o nt a i ns t he pa c ka g e t ha t de �ne s t he WAVES- r e qui r e d t yp e l og
t he f unc t i o n value dictionary. The r e a r e f o ur l o g i c va l ue s i n t h i s mo de l , ` 0 ' a nd ` 1 ' b i t
bo t h t he i nput a nd o ut put p i ns . value dictionary t a k e s a pa r ame t e r o f t yp e l ogic value a nd r e t ur
i n f o r ma t i o n a bo ut t he va l ue ' s s t a t e , s t r e n g t h , d i r e c t i o n , a nd r e l e v a n c e

a r e e i t he r high a nd drive ( f o r ` 1 ' va l ue s ) o r l owa nd drive ( f o r ` 0 ' va l ue s ) . Di r e c t i o n
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end waves_logic;

|wa v e s c o d e s . v h d |

use work.waves_logic.all;

use work.waves_interface.all;

package waves_codes is

constant pin_codes : string := "01";

end waves_codes;

|wa v e s d e v i c e . v h d |

package waves_device is

type test_pins is (st,te,ls,re,

y31,y30,y29,y28,y27,y26,y25,y24,y23,y22,y21,y20,y19,y18,y17,y16,

y15,y14,y13,y12,y11,y10,y9,y8,y7,y6,y5,y4,y3,y2,y1,y0,

s31,s30,s29,s28,s27,s26,s25,s24,s23,s22,s21,s20,s19,s18,s17,s16,

s15,s14,s13,s12,s11,s10,s9,s8,s7,s6,s5,s4,s3,s2,s1,s0,

p31,p30,p29,p28,p27,p26,p25,p24,p23,p22,p21,p20,p19,p18,p17,p16,

p15,p14,p13,p12,p11,p10,p9,p8,p7,p6,p5,p4,p3,p2,p1,p0);

end waves_device;

|wa v e s f o r m. v h d |

use std.textio.all;

use work.waves_logic.all;

use work.waves_interface.all;

use work.waves_codes.all;

use work.waves_device.all;

use work.waves_objects.all;

package waves_generator is

procedure waveform(signal connect : inout waves_port_list;

signal connect_m : in waves_match_list);

end waves_generator;

package body waves_generator is

procedure waveform(signal connect : inout waves_port_list;

signal connect_m : in waves_match_list) is

constant t0 : event_time := etime(0 ns);

constant input_pins : pinset := new_pinset((

st,te,ls,re,

y31,y30,y29,y28,y27,y26,y25,y24,y23,y22,y21,y20,y19,y18,y17,y16,

y15,y14,y13,y12,y11,y10,y9,y8,y7,y6,y5,y4,y3,y2,y1,y0,

s31,s30,s29,s28,s27,s26,s25,s24,s23,s22,s21,s20,s19,s18,s17,s16,

s15,s14,s13,s12,s11,s10,s9,s8,s7,s6,s5,s4,s3,s2,s1,s0));

constant output_pins : pinset := all_pins and not input_pins;
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II. WAVES Support Source Code

|wa v e s h e a d e r . v h d |

------------------------------------------------------------------------

-- This WAVES dataset uses MATCH to compare the output of the structural

-- LFSR to the output of the behavioral model.

------------------------------------------------------------------------

TITLE Pseudo-Random Pattern Generator

CORPORATE_AUTHOR WL/ELED

INDIVIDUAL_AUTHOR Captain Karen M. Serafino

RELEASE_DATE_AND_TIME 19-March-1991

ORIGIN Intermetrics, Inc. Standard VHDL 1076 Support Environment Version 2.1

DEVICE_ID 32-bit linear feedback shift register

WAVES_FILENAME waves_logic WORK

WAVES_UNIT WAVES_INTERFACE WORK

WAVES_FILENAME waves_codes WORK

WAVES_FILENAME waves_device WORK

WAVES_UNIT WAVES_OBJECTS WORK

WAVES_FILENAME waves_form WORK

EXTERNAL_FILENAME waves_external waves_external

WAVEFORM_GENERATOR_PROCEDURE WORK.WAVES_GENERATOR.WAVEFORM

|wa v e s l o g i c . v h d |

use work.waves_standard.all;

package waves_logic is

type logic_value is ( logic_i0, logic_i1, logic_o0, logic_o1);

function value_dictionary(value : logic_value) return event_value;

end waves_logic;

package body waves_logic is

function value_dictionary(value : logic_value) return event_value is

begin

case value is

when logic_i0 => return (state = low and strength = drive and

direction = stimulus and relevance = required);

when logic_i1 => return (state = high and strength = drive and

direction = stimulus and relevance = required);

when logic_o0 => return (state = low and strength = drive and

direction = response and relevance = required);

when logic_o1 => return (state = high and strength = drive and

direction = response and relevance = required);

end case;

end value_dictionary;
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1011110001001101 quotient

10011 10100000000000000000 bit pattern hex

10011 1 1010(seed) A

01110

00000 0 0101 5

11100

10011 1 1010 A (repeat)

11110

10011 1 1101 D

11010

10011 1 1110 E

10010

10011 1 1111 F

00010

00000 0 0111 7

00100

00000 0 0011 3

01000

00000 0 0001 1

10000

10011 1 1000 8

00110

00000 0 0100 4

01100

00000 0 0010 2

11000

10011 1 1001 9

10110

10011 1 1100 C

01010

00000 0 0110 6

10100

10011 1 1011 B

01110

The pa t t e r n pr o duc e d a f t e r t he t h i r d quo t i e nt b i t i s c a l c u l a t e d i s he x ( A) , t he
t he s e e d .

p r p t g e n . v h d c o nt a i ns a n a l t e r na t e s t r uc t ur a l de s c r i pt i o n o f t he r e g i s t e r
p r p t . v h d e x c e pt t ha t t he 3 1 LSB s t a g e s a nd t he 6 4 i nve r t o r s a r e i ns t a nt i a t e d w
s t a t e me nt s .

ma s t e r . v h d a nd s l a v e . v h d c ompr i s e a l e a d i ng - e dg e t r i g g e r e d dua l c l o c k .
s t a y s h i g h f o r 6 0 na no s e c o nds , t r a ns i t i o ns t o l ow, a nd s t a y s l ow f o r 4 0 na no s e c o nd
va l ue f r omt he ma s t e r c l o c k i s t he i nput f o r t he s l a ve c l o c k . The s l a ve c l o c k g o e s h i g h
a f t e r t he ma s t e r c l o c k g o e s l ow, a nd s t a y s h i g h f o r 4 0 na no s e c o nds . I t t he n t r a ns i t i
r e ma i ns l ow f o r 6 0 na no s e c o nds . The c l o c k s s t o p c y c l i ng whe n t he ma s t e r c l o c k i s g i
o f ` 0 ' .

p r p t c o n f . v h d i s a c o n�g ur a t i o n s p e c i �c a t i o n ne e de d whe n p r p t g e n . v h d

g e n e r a t e s t a t e me nt s ma ke i t ne c e s s a r y t o c o n�g ur e t ho s e c ompo ne nt s o ut s i de o f t
i n whi c h t he y a r e i ns t a nt i a t e d .
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1001101011110001 quotient

10011 10000000000000000000 bit pattern hex

10011 1 1000(seed) 8

00110

00000 0 0100 4

01100

00000 0 0010 2

11000

10011 1 1001 9

10110

10011 1 1100 C

01010

00000 0 0110 6

10100

10011 1 1011 B

01110

00000 0 0101 5

11100

10011 1 1010 A

11110

10011 1 1101 D

11010

10011 1 1110 E

10010

10011 1 1111 F

00010

00000 0 0111 7

00100

00000 0 0011 3

01000

00000 0 0001 1

10000

10011 1 1000(seed) 8

00110

The e xampl e a bo ve wo r k s o ut c o r r e c t l y, s i nc e no pa t t e r ns a r e r e p e a t e d unt i l a ln
� 1 )

pa t t e r ns a r e pr o duc e d . Howe ve r , t he f o l l owi ng e xampl e s hows t ha t t h i s b i na r y di v i s
do e s no t wo r k f o r a l l s e e ds .
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r e s e t
l o a d s e e d
t e s t e na bl e
C1
C1 ba r
C2
C2ba r

prpt stage1

r

r

r

r

r

r

r

-

-

seed(31)

i o(31)
r

pppppppppppp
pppppp
ppppppppppppppppppa

pppppppppppp
pppppp
ppppppppppppppppppa

?

pa t t e r n( 3 1 )

prpt stage
(1)

r

r

r

r

r

r

r

-

-

-

-

seed(30)

polynomi al
(31)

feedback(30)

i o(30)
r

pppppppppppp
pppppp
ppppppppppppppppppa

pppppppppppp
pppppp
ppppppppppppppppppa

?

pa t t e r n( 3 0 )

f eedback(31)

prpt stage
(i)

r

r

r

r

r

r

r

-

-

-

-

seed(31-i )

pol ynomi al
(32- i )

i o(32- i )

f eedback(31- i )

i o(31- i )
r

pppppppppppp
pppppp
ppppppppppppppppppa

pppppppppppp
pppppp
ppppppppppppppppppa

?

pa t t e r n( 3 1 - i )

�f eedback(32- i )

prpt stage
(31)

r

r

r

r

r

r

r

-

-

-

-

seed(0)

pol ynomi al
(1)

i o(1) i o(0)
�

�

pol ynomi al (0)

f eedback(0)

r

pppppppppppp
pppppp
ppppppppppppppppppa

pppppppppppp
pppppp
ppppppppppppppppppa

?

pa t t e r n( 0 )

�f eedback(1)

Fi g ur e 3 . Sc he ma t i c o f p r p t .

p o l y n o m i a l

(1 � x
4) (0 � x

3) (0 � x
2) (1 � x

1) (1 � x
0)

- - - -t

�

t

6

-

6

t
6

t
6

t
6

s e e d

t t

? ? ? ?o ut put

3 2 1 0

Fi g ur e 4 . Sc he ma t i c o f 4 - St a g e p r p t .
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reset

input

test enable

load seed

seed

C1bar C2bar

C1 C2

outputprpt stage1

clock2
clock1

feed out
feed in

seed
load seed
test enable

input
polynomial

interm

r

reset
clock1 bar
clock2 bar

Fi g ur e 2 . Sc he ma t i c o f p r p t s t a g e .

p r p t . v h d c o nt a i ns t he s t r uc t ur a l de s c r i pt i o n o f a 3 2 - b i t l i ne a r f e e dba c k s
c o ns i s t s o f o ne prpt stage1 c ompo ne nt , 3 1 prpt stage c ompo ne nt s , t wo i nve r t o r s p e r s t a g e , a

D g a t e . The i nve r t o r s a r e ne e de d t o pr o duc e t he pattern o ut put . The D g a t e i s r e
t o pr o duc e t he l a s t s t a g e ' s f e e dba c k s i g na l . Fi g ur e 3 i s a s c he ma t i c o f t he a r r a n
c ompo ne nt s . S i nc e t he o ut put f r om e a c h s t a g e i s a l s o us e d a s i nput t o t he ne x t s t
( mo de o t ) , t he o ut put f r ome a c h s t a g e , c o u l d no t b e pr o duc e d di r e c t l y f r omt he s t a g
An i nt e r na l l y de c l a r e d s i g na l , i o i s us e d i n t he s t a g e c ompo ne nt i ns t a nt i a t i o ns , a
t hr o ug h a t wo - i nve r t o r bu�e r t o pr o duc e pattern.

p r p t b e h . v h d c o nt a i ns t he b e ha v i o r a l de s c r i pt i o n o f t he 3 2 - b i t l i ne a r f e e db
I t c o ns i s t s o f t wo pr o c e s s e s . The �r s t i s t r i g g e r e d whe ne v e r a n e v e nt o c c ur s o n s
polynomial , reset, cloc 1, o r test enable. Thi s pr o c e s s c o nt r o l s r e s e t t i ng , l o a d i ng ne w s e e d va
a nd s h i f t i ng t he r e g i s t e r b i t va l ue s . The s e c o nd pr o c e s s i s t r i g g e r e d upo n a n e v e n
c o nt r o l s a s s i g n i ng t he pa t t e r n va l ue c a l c u l a t e d i n t he �r s t pr o c e s s t o patterna t t he a p
whe n cloc g o e s h i g h . The �r s t a t t e mpt a t a b e ha v i o r a l de s c r i pt i o n us e d a bi na r y di v i
[3 ] t o g e ne r a t e t he b i t s t o s h i f t i nt o t he r e g i s t e r . The s e e d wa s t he d i v i de nd a nd t
wa s t he d i v i s o r , a nd a s e a c h bi t o f t he quo t i e nt wa s c a l c u l a t e d , i t wa s s h i f t e d i nt o
t he pa t t e r n . The quo t i e nt b i t s a r e c a l c u l a t e d a s f o l l ows . I f t he r e ma i nde r ( o r d i
t he �r s t s t e p o f t he d i v i s i o n) ha s a n MSB o f ` 1 ' , t he n t he quo t i e nt b i t i s ` 1 ' . The n,
i s c o p i e d unde r ne a t h t he r e ma i nde r ( o r d i v i de nd) , t he t wo bi t v e c t o r s a r e e x c l us i v
r e s u l t ( r e ma i nde r ) i s wr i t t e n o n t he ne x t l i ne . I f t he r e ma i nde r ( o r d i v i de nd) ha s
t he n t he quo t i e nt b i t i s ` 0 ' . The n, \ 0 0 0 0 0 " i s wr i t t e n unde r ne a t h t he r e ma i nde r , t
a nd \ 0 0 0 0 0 " a r e e x c l us i v e o r ' d a nd t he r e s u l t i s wr i t t e n ( o r t he po l ynomi a l i s s i mpl y
ne x t l i ne . No ma t t e r wha t t he quo t i e nt b i t i s , t he l e a d i ng ` 0 ' o f t he r e ma i nde r i s
t he ne x t b i t o f t he d i v i de nd i s br o ug ht down a nd wr i t t e n a s t he LSB o f t he r e ma i nde r
o f a n n- b i t l i ne a r f e e dba c k s h i f t r e g i s t e r i s t o pr o duc e ( 2n

� 1 ) uni que b i t pa t t e r ns ( e a c h pa t t e r n
e x c e pt a l l z e r o e s ) b e f o r e r e p e a t i ng t he s e t o f pa t t e r ns . Fo r e xampl e , t he b i na r y
s e e d o f \ 1 0 0 0 " a nd a po l ynomi a l o f \ 1 0 0 1 1 " ( f o ur - b i t s h i f t r e g i s t e r , s hown i n Fi g u
be a s f o l l ows :
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for prpt_stage_i : prpt_stage use entity work.prpt_stage(structural);

end for;

end for;

for inv_inv

for invA:inv use entity work.inv(inv);

end for;

for invB:inv use entity work.inv(inv);

end for;

end for;

end for;

end prptconf;

The �l e s t d . v h d c o nt a i ns a g r o up o f ba s i c g a t e s : t wo t yp e s o f i nve r t o r , a t w
g a t e , a t hr e e - i nput na nd g a t e , a t wo - i nput e x c l us i v e o r g a t e , a t hr e e - i nput e x c l us i
g a t e , a p- t yp e t r a ns i s t o r , a n n- t yp e t r a ns i s t o r , a nd a t r a ns mi s s i o n g a t e . a n d g a

t wo - i nput a nd g a t e f r oman i nv e r t o r a nd a t wo - i nput na nd g a t e . o r g a t e . v h d bui l d
o r g a t e f r om an i nv e r t o r a nd a no r g a t e . d r e s e t b e h . v h d i s a b e ha v i o r a l de s c
l a t c h wi t h r e s e t .

p r p t s t a g e . v h d c o nt a i ns t he c ompo ne nt r e pr e s e nt i ng t he MSB o f t he l i ne a r f
r e g i s t e r . As s hown i n Fi g ur e 1 , t he c ompo ne nt c o ns i s t s o f t wo D l a t c he s c o nne c t e d t o
c l o c k e d l a t c h . The i nput t o t he s e c o nd l a t c h i s t he o ut put f r omt he �r s t l a t c h , c l o c
g o e s h i g h . The i nput t o t he �r s t l a t c h i s de p e nde nt o n whe t he r o r no t t he s i g na l s l
test enable a r e s e t . I f l oad seed i s s e t , t he n seed g e t s l a t c he d i n a f t e r o ne c l o c k c y c l e .

I f test enable i s s e t , input g e t s l a t c he d i n a f t e r o ne c l o c k c y c l e . I f reset i s s e t , t he �r
s e t t o ` 0 ' i mme di a t e l y, a nd t he s e c o nd i s s e t t o ` 0 ' a s cloc g o e s h i g h . To e ns ur e pr o
o f t h i s c ompo ne nt , o ne mus t e i t he r no t s e t l oad seeda nd test enable a t t he s ame t i me , o r e l s e
t he l a t c h i mme di a t e l y b e f o r e l o a d i ng a seed.

load seed
seed

interm1

interm2

interm4input
test enable reset

C1bar

C1

D
clk

clkR

interm3

zero
C2bar

C2

outputD
clk

clkR

Fi g ur e 1 . Sc he ma t i c o f p r p t s t a g e .

Shown i n Fi g ur e 2 i s p r p t s t a g e . v h d . p r p t s t a g e . v h d c o nt a i ns t he c ompo n
t he 3 1 LSBs o f t he s h i f t r e g i s t e r . The c ompo ne nt c o ns i s t s o f t he prpt stage1 c ompo ne nt ,
g a t e s t o c o nt r o l t he f e e dba c k f e a t ur e o f t he r e g i s t e r . I f polynomial i s s e t , t he n input a nd
be e x c l us i v e o r ' d t o pr o duc e feed out. I f polynomial i s no t s e t , feed out r e c e i v e s t he va l ue o f f
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when '0' => Phi1 <= '1' after clock_low_time;

when others => assert false

report " Master clock in undefined state"

severity ERROR;

end case;

end if;

end process;

end master_clock;

|s l a v e . v h d |

entity slave_clock is

generic

( constant pulse_width : time := 40 ns;

constant pulse_delay : time := 10 ns);

port

( external_trigger : in bit;

Clock_out : out bit := '0');

-- This is a leading edge triggered clock!

end slave_clock;

architecture slave_clock of slave_clock is

begin

clock:block ((external_trigger = '0')and not(external_trigger'stable))

begin

process (guard)

begin

if GUARD then

Clock_out <= '1' after pulse_delay,

'0' after pulse_width+pulse_delay;

end if;

end process;

end block;

end slave_clock;

|p r p t c o n f . v h d |

configuration prptconf of work.prpt is

for struct_generate

for prpt
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port (signal A:in bit;

signal B:out bit);

end component;

signal feedback : bit_vector(31 downto 0);

signal i_o,temp : bit_vector(31 downto 0);

begin

prpt_stage1_1 : prpt_stage1

port map(seed(31),load_seed,reset,feedback(31),clock1,clock1_bar,

clock2,clock2_bar,test_enable,i_o(31));

prpt : for i in 31 downto 1 generate

prpt_stage_i : prpt_stage

port map(seed(i-1),load_seed,polynomial(i),feedback(i-1),

reset,i_o(i),clock1,clock1_bar,clock2,clock2_bar,

test_enable,feedback(i),i_o(i-1));

end generate;

and_gate1 : and_gate port map(polynomial(0),i_o(0),feedback(0));

inv_inv : for i in 0 to 31 generate

invA : inv port map(i_o(i),temp(i));

invB : inv port map(temp(i),pattern(i));

end generate;

end struct_generate;

|ma s t e r . v h d |

entity master_clock is

generic

( constant clock_low_time : time := 60 ns;

constant duty_cycle_time : time := 40 ns);

port

( master_go : in bit;

Phi1 : buffer bit := '1');

end master_clock;

architecture master_clock of master_clock is

begin

process(master_go,phi1)

begin

if (master_go = '1') then

case Phi1 is

when '1' => Phi1 <= '0' after duty_cycle_time;
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-- assert (((not clock1 = clock1_bar) or (not clock1'stable(2 ns)))

-- or (now = 0 ns)) report

-- "bad clock1 result" severity failure;

---- assert ((not clock2 = clock2_bar) or (not clock2'stable(2 ns))) report

---- "bad clock2 result" severity failure;

--end prpt;

architecture struct_generate of prpt is

component prpt_stage

port(seed : in bit;

load_seed : in bit;

polynomial : in bit;

feed_in : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

feed_out : out bit;

output : out bit);

end component;

component prpt_stage1

port(seed : in bit;

load_seed : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

output : out bit);

end component;

for all : prpt_stage1 use entity work.prpt_stage1(structural);

component and_gate

port (signal X,Y:in bit;

signal Output:out bit);

end component;

for all : and_gate use entity work.and_gate( and_gate );

component inv

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);
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begin

if reset = '1' then

for i in temp_pattern'range loop

temp_pattern(i) := '0';

end loop;

else

if clock1 = '0' and not clock1'stable then

if load_seed = '1' then

temp_pattern := seed;

end if;

elsif clock1 = '1' and not clock1'stable then

if test_enable = '1' then

old_temp_pattern := temp_pattern;

for i in temp_pattern'low to (temp_pattern'high - 1) loop

temp_pattern(i) := temp_pattern(i + 1);

end loop;

feedback(0) := polynomial(0) and old_temp_pattern(0);

for i in (feedback'low + 1) to feedback'high loop

feedback(i) := (polynomial(i) and old_temp_pattern(i)) xor

feedback(i-1);

end loop;

temp_pattern(31) := feedback(31);

end if;

end if;

end if;

work_pattern <= temp_pattern;

end process;

process(clock2)

begin

if clock2 = '1' and not clock2'stable then

pattern <= work_pattern;

end if;

end process;

end beh;

|p r p t g e n . v h d |

--entity prpt is

-- port(seed : in bit_vector(31 downto 0);

-- load_seed : in bit;

-- polynomial : in bit_vector(31 downto 0);

-- reset : in bit;

-- clock1 : in bit;

-- clock1_bar : in bit;

-- clock2 : in bit;

-- clock2_bar : in bit;

-- test_enable: in bit;

-- pattern : out bit_vector(31 downto 0));

--begin
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inv49 : inv port map(temp(15),pattern(15));

inv50 : inv port map(temp(14),pattern(14));

inv51 : inv port map(temp(13),pattern(13));

inv52 : inv port map(temp(12),pattern(12));

inv53 : inv port map(temp(11),pattern(11));

inv54 : inv port map(temp(10),pattern(10));

inv55 : inv port map(temp(9),pattern(9));

inv56 : inv port map(temp(8),pattern(8));

inv57 : inv port map(temp(7),pattern(7));

inv58 : inv port map(temp(6),pattern(6));

inv59 : inv port map(temp(5),pattern(5));

inv60 : inv port map(temp(4),pattern(4));

inv61 : inv port map(temp(3),pattern(3));

inv62 : inv port map(temp(2),pattern(2));

inv63 : inv port map(temp(1),pattern(1));

inv64 : inv port map(temp(0),pattern(0));

end structural;

|p r p t b e h . v h d |

--entity prpt is

-- port(seed : in bit_vector(31 downto 0);

-- load_seed : in bit;

-- polynomial : in bit_vector(31 downto 0);

-- reset : in bit;

-- clock1 : in bit;

-- clock1_bar : in bit;

-- clock2 : in bit;

-- clock2_bar : in bit;

-- test_enable: in bit;

-- pattern : out bit_vector(31 downto 0));

--begin

-- assert ((not clock1 = clock1_bar) or (not clock1'stable(2 ns))) report

-- "bad clock1 result" severity failure;

---- assert ((not clock2 = clock2_bar) or (not clock2'stable(2 ns))) report

---- "bad clock2 result" severity failure;

--end prpt;

architecture beh of prpt is

signal work_pattern : bit_vector(31 downto 0);

begin

process(seed,load_seed,polynomial,reset,clock1,test_enable)

variable temp_pattern : bit_vector(31 downto 0);

variable old_temp_pattern : bit_vector(31 downto 0);

variable feedback : bit_vector(31 downto 0);
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and_gate1 : and_gate port map(polynomial(0),i_o(0),feedback(0));

inv1 : inv port map(i_o(31),temp(31));

inv2 : inv port map(i_o(30),temp(30));

inv3 : inv port map(i_o(29),temp(29));

inv4 : inv port map(i_o(28),temp(28));

inv5 : inv port map(i_o(27),temp(27));

inv6 : inv port map(i_o(26),temp(26));

inv7 : inv port map(i_o(25),temp(25));

inv8 : inv port map(i_o(24),temp(24));

inv9 : inv port map(i_o(23),temp(23));

inv10 : inv port map(i_o(22),temp(22));

inv11 : inv port map(i_o(21),temp(21));

inv12 : inv port map(i_o(20),temp(20));

inv13 : inv port map(i_o(19),temp(19));

inv14 : inv port map(i_o(18),temp(18));

inv15 : inv port map(i_o(17),temp(17));

inv16 : inv port map(i_o(16),temp(16));

inv17 : inv port map(i_o(15),temp(15));

inv18 : inv port map(i_o(14),temp(14));

inv19 : inv port map(i_o(13),temp(13));

inv20 : inv port map(i_o(12),temp(12));

inv21 : inv port map(i_o(11),temp(11));

inv22 : inv port map(i_o(10),temp(10));

inv23 : inv port map(i_o(9),temp(9));

inv24 : inv port map(i_o(8),temp(8));

inv25 : inv port map(i_o(7),temp(7));

inv26 : inv port map(i_o(6),temp(6));

inv27 : inv port map(i_o(5),temp(5));

inv28 : inv port map(i_o(4),temp(4));

inv29 : inv port map(i_o(3),temp(3));

inv30 : inv port map(i_o(2),temp(2));

inv31 : inv port map(i_o(1),temp(1));

inv32 : inv port map(i_o(0),temp(0));

inv33 : inv port map(temp(31),pattern(31));

inv34 : inv port map(temp(30),pattern(30));

inv35 : inv port map(temp(29),pattern(29));

inv36 : inv port map(temp(28),pattern(28));

inv37 : inv port map(temp(27),pattern(27));

inv38 : inv port map(temp(26),pattern(26));

inv39 : inv port map(temp(25),pattern(25));

inv40 : inv port map(temp(24),pattern(24));

inv41 : inv port map(temp(23),pattern(23));

inv42 : inv port map(temp(22),pattern(22));

inv43 : inv port map(temp(21),pattern(21));

inv44 : inv port map(temp(20),pattern(20));

inv45 : inv port map(temp(19),pattern(19));

inv46 : inv port map(temp(18),pattern(18));

inv47 : inv port map(temp(17),pattern(17));

inv48 : inv port map(temp(16),pattern(16));
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prpt_stage15 : prpt_stage

port map(seed(16),load_seed,polynomial(17),feedback(16),reset,i_o(17),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(17),i_o(16));

prpt_stage16 : prpt_stage

port map(seed(15),load_seed,polynomial(16),feedback(15),reset,i_o(16),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(16),i_o(15));

prpt_stage17 : prpt_stage

port map(seed(14),load_seed,polynomial(15),feedback(14),reset,i_o(15),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(15),i_o(14));

prpt_stage18 : prpt_stage

port map(seed(13),load_seed,polynomial(14),feedback(13),reset,i_o(14),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(14),i_o(13));

prpt_stage19 : prpt_stage

port map(seed(12),load_seed,polynomial(13),feedback(12),reset,i_o(13),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(13),i_o(12));

prpt_stage20 : prpt_stage

port map(seed(11),load_seed,polynomial(12),feedback(11),reset,i_o(12),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(12),i_o(11));

prpt_stage21 : prpt_stage

port map(seed(10),load_seed,polynomial(11),feedback(10),reset,i_o(11),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(11),i_o(10));

prpt_stage22 : prpt_stage

port map(seed(9),load_seed,polynomial(10),feedback(9),reset,i_o(10),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(10),i_o(9));

prpt_stage23 : prpt_stage

port map(seed(8),load_seed,polynomial(9),feedback(8),reset,i_o(9),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(9),i_o(8));

prpt_stage24 : prpt_stage

port map(seed(7),load_seed,polynomial(8),feedback(7),reset,i_o(8),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(8),i_o(7));

prpt_stage25 : prpt_stage

port map(seed(6),load_seed,polynomial(7),feedback(6),reset,i_o(7),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(7),i_o(6));

prpt_stage26 : prpt_stage

port map(seed(5),load_seed,polynomial(6),feedback(5),reset,i_o(6),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(6),i_o(5));

prpt_stage27 : prpt_stage

port map(seed(4),load_seed,polynomial(5),feedback(4),reset,i_o(5),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(5),i_o(4));

prpt_stage28 : prpt_stage

port map(seed(3),load_seed,polynomial(4),feedback(3),reset,i_o(4),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(4),i_o(3));

prpt_stage29 : prpt_stage

port map(seed(2),load_seed,polynomial(3),feedback(2),reset,i_o(3),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(3),i_o(2));

prpt_stage30 : prpt_stage

port map(seed(1),load_seed,polynomial(2),feedback(1),reset,i_o(2),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(2),i_o(1));

prpt_stage31 : prpt_stage

port map(seed(0),load_seed,polynomial(1),feedback(0),reset,i_o(1),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(1),i_o(0));
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signal feedback : bit_vector(31 downto 0);

signal i_o,temp : bit_vector(31 downto 0);

begin

prpt_stage1_1 : prpt_stage1

port map(seed(31),load_seed,reset,feedback(31),clock1,clock1_bar,

clock2,clock2_bar,test_enable,i_o(31));

prpt_stage01 : prpt_stage

port map(seed(30),load_seed,polynomial(31),feedback(30),reset,i_o(31),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(31),i_o(30));

prpt_stage2 : prpt_stage

port map(seed(29),load_seed,polynomial(30),feedback(29),reset,i_o(30),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(30),i_o(29));

prpt_stage3 : prpt_stage

port map(seed(28),load_seed,polynomial(29),feedback(28),reset,i_o(29),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(29),i_o(28));

prpt_stage4 : prpt_stage

port map(seed(27),load_seed,polynomial(28),feedback(27),reset,i_o(28),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(28),i_o(27));

prpt_stage5 : prpt_stage

port map(seed(26),load_seed,polynomial(27),feedback(26),reset,i_o(27),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(27),i_o(26));

prpt_stage6 : prpt_stage

port map(seed(25),load_seed,polynomial(26),feedback(25),reset,i_o(26),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(26),i_o(25));

prpt_stage7 : prpt_stage

port map(seed(24),load_seed,polynomial(25),feedback(24),reset,i_o(25),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(25),i_o(24));

prpt_stage8 : prpt_stage

port map(seed(23),load_seed,polynomial(24),feedback(23),reset,i_o(24),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(24),i_o(23));

prpt_stage9 : prpt_stage

port map(seed(22),load_seed,polynomial(23),feedback(22),reset,i_o(23),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(23),i_o(22));

prpt_stage10 : prpt_stage

port map(seed(21),load_seed,polynomial(22),feedback(21),reset,i_o(22),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(22),i_o(21));

prpt_stage11 : prpt_stage

port map(seed(20),load_seed,polynomial(21),feedback(20),reset,i_o(21),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(21),i_o(20));

prpt_stage12 : prpt_stage

port map(seed(19),load_seed,polynomial(20),feedback(19),reset,i_o(20),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(20),i_o(19));

prpt_stage13 : prpt_stage

port map(seed(18),load_seed,polynomial(19),feedback(18),reset,i_o(19),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(19),i_o(18));

prpt_stage14 : prpt_stage

port map(seed(17),load_seed,polynomial(18),feedback(17),reset,i_o(18),

clock1,clock1_bar,clock2,clock2_bar,test_enable,feedback(18),i_o(17));
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architecture structural of prpt is

component prpt_stage

port(seed : in bit;

load_seed : in bit;

polynomial : in bit;

feed_in : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

feed_out : out bit;

output : out bit);

end component;

for all : prpt_stage use entity work.prpt_stage(structural);

component prpt_stage1

port(seed : in bit;

load_seed : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

output : out bit);

end component;

for all : prpt_stage1 use entity work.prpt_stage1(structural);

component and_gate

port (signal X,Y:in bit;

signal Output:out bit);

end component;

for all : and_gate use entity work.and_gate( and_gate );

component inv

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:out bit);

end component;

for all : inv use entity work.inv( inv );
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component and_gate

port (signal X,Y:in bit;

signal Output:out bit);

end component;

for all : and_gate use entity work.and_gate( and_gate );

component Xor_Gate

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:out bit);

end component;

for all : Xor_Gate use entity work.Xor_Gate( xor_gate );

signal interm : bit;

begin

prpt_stage1_1 : prpt_stage1

port map(seed,load_seed,reset,input,clock1,clock1_bar,clock2,

clock2_bar,test_enable,output);

and_gate1 : and_gate port map(polynomial,input,interm);

xor_gate1 : xor_gate port map(feed_in,interm,feed_out);

end structural;

|p r p t . v h d |

entity prpt is

port(seed : in bit_vector(31 downto 0);

load_seed : in bit;

polynomial : in bit_vector(31 downto 0);

reset : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

pattern : out bit_vector(31 downto 0));

begin

assert (((not clock1 = clock1_bar) or (not clock1'stable(2 ns)))

or (now = 0 ns)) report

"bad clock1 result" severity failure;

-- assert ((not clock2 = clock2_bar) or (not clock2'stable(2 ns))) report

-- "bad clock2 result" severity failure;

end prpt;
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begin

dff_reset1 : dff_reset port map(clock1,clock1_bar,interm2,reset,interm3);

dff_reset2 : dff_reset port map(clock2,clock2_bar,interm3,zero,output);

and_gate1 : and_gate port map(load_seed,seed,interm1);

and_gate2 : and_gate port map(input,test_enable,interm4);

xor_gate1 : xor_gate port map(interm4,interm1,interm2);

end structural;

|p r p t s t a g e . v h d |

entity prpt_stage is

port(seed : in bit;

load_seed : in bit;

polynomial : in bit;

feed_in : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

feed_out : out bit;

output : out bit);

begin

assert (((not clock1 = clock1_bar) or (not clock1'stable(2 ns)))

or (now = 0 ns)) report

"bad clock1" severity failure;

-- assert ((not clock2 = clock2_bar) or (not clock2'stable(2 ns))) report

-- "bad clock2" severity failure;

end prpt_stage;

architecture structural of prpt_stage is

component prpt_stage1

port(seed : in bit;

load_seed : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

output : out bit);

end component;

for all : prpt_stage1 use entity work.prpt_stage1(structural);
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entity prpt_stage1 is

port(seed : in bit;

load_seed : in bit;

reset : in bit;

input : in bit;

clock1 : in bit;

clock1_bar : in bit;

clock2 : in bit;

clock2_bar : in bit;

test_enable: in bit;

output : out bit);

begin

assert (((not clock1 = clock1_bar) or (not clock1'stable(2 ns)))

or (now = 0 ns)) report

"bad clock1" severity failure;

-- assert ((not clock2 = clock2_bar) or (not clock2'stable(2 ns))) report

-- "bad clock2" severity failure;

end prpt_stage1;

architecture structural of prpt_stage1 is

component dff_reset

port(clock : in bit;

clock_bar : in bit;

D : in bit;

reset : in bit;

_bar : out bit);

end component;

for all : dff_reset use entity work.dff_reset(beh);

component and_gate

port (signal X,Y:in bit;

signal Output:out bit);

end component;

for all : and_gate use entity work.and_gate( and_gate );

component Xor_Gate

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:out bit);

end component;

for all : Xor_Gate use entity work.Xor_Gate( xor_gate );

signal interm1,interm2,interm3,interm4 : bit;

signal zero : bit := '0';
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constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:out bit);

end component;

for all : nor_gate use entity work.nor_gate( nor_gate );

component inv

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:out bit);

end component;

for all : inv use entity work.inv( inv );

signal Interm : bit;

begin

C1: NOR_GATE port map (X, Y, Interm);

C2: INV port map (Interm,Output);

end or_gate;

|d r e s e t b e h . v h d |

entity dff_reset is

port(clock : in bit;

clock_bar : in bit;

D : in bit;

reset : in bit;

_bar : out bit);

-- assert ((not clock = clock_bar) or (not clock'stable(1 ns))) report

-- "bad clock" severity failure;

end dff_reset;

architecture beh of dff_reset is

begin

process(clock,D,reset)

begin

if reset = '1' then

_bar <= '1';

elsif clock = '1' then

_bar <= not D;

end if;

end process;

end beh;

|p r p t s t a g e . v h d |
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entity and_gate is

port (

X, Y : in bit;

Output : out bit

);

end and_gate;

architecture and_gate of and_gate is

component nand_gate

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:out bit);

end component;

for all : nand_gate use entity work.nand_gate( nand_gate );

component inv

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:out bit);

end component;

for all : inv use entity work.inv( inv );

signal Interm : bit;

begin

C1: NAND_GATE port map (X, Y, Interm);

C2: INV port map (Interm,Output);

end and_gate;

|o r g a t e . v h d |

entity or_gate is

port (

X, Y : in bit;

Output : out bit

);

end or_gate;

architecture or_gate of or_gate is

component nor_gate

generic(constant tPLH:TIME:=0 ns;
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signal C:out bit);

end;

architecture nor_gate of nor_gate is

begin

--your code goes here.

C <= A nor B; -- or use this.

end nor_gate;

entity ptrans is

generic (constant gate_length: integer := 0;

constant gate_width: integer := 0);

port ( Gate : in bit;

Drain : inout bit;

Source : inout bit);

end ptrans;

architecture ptrans of ptrans is

begin

--your code goes here.

end ptrans;

entity ntrans is

generic (constant gate_length: integer := 0;

constant gate_width: integer := 0);

port ( Gate : in bit;

Drain : inout bit;

Source : inout bit);

end ntrans;

architecture ntrans of ntrans is

begin

--your code goes here.

end ntrans;

entity tgate is

generic ( constant tPLH: TIME := 0 ns;

constant tPHL: TIME := 0 ns);

port ( p1 : in bit;

p2 : in bit;

g : inout bit;

d : inout bit);

end tgate;

architecture tgate of tgate is

begin

--your code goes here.

end tgate;

|a n d g a t e . v h d |
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generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:in bit;

signal D:out bit);

end;

architecture nand3_gate of nand3_gate is

begin

--your code goes here.

D <= not( A and B and C ); -- or use this.

end nand3_gate;

entity XOR_GATE is

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:out bit);

end;

architecture xor_gate of xor_gate is

begin

--your code goes here.

C <= A xor B; -- or use this.

end xor_gate;

entity XOR_GATE2 is

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal Anot:out bit;

signal B:in bit;

signal Bnot:out bit;

signal C:out bit);

end;

architecture xor_gate2 of xor_gate2 is

begin

--your code goes here.

C <= A xor B; -- or use this.

Anot <= not A;

Bnot <= not B;

end xor_gate2;

entity NOR_GATE is

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

2



I. V Source Code

|s t d . v h d |

--

-- This file contains VHDL descriptions for the basic

-- components identified by the base_cmos GES system.

-- Descriptions for the transistors are also included.

-- The body of most of the code must be filled in by the

-- user.

entity INV is

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:out bit);

end;

architecture inv of inv is

begin

--your code goes here.

B <= not A; -- or use this.

end inv;

entity INV is

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal P:in bit;

signal N:in bit;

signal A:in bit;

signal B:out bit);

end;

architecture inv of inv is

begin

--your code goes here.

end inv ;

entity NAND_GATE is

generic(constant tPLH:TIME:=0 ns;

constant tPHL:TIME:=0 ns);

port (signal A:in bit;

signal B:in bit;

signal C:out bit);

end;

architecture nand_gate of nand_gate is

begin

--your code goes here.

C <= A nand B; -- or use this.

end nand_gate;

entity NAND3_GATE is

1
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Astract

AVHDL mo de l f o r a 3 2 - b i t l i ne a r f e e dba c k s h i f t r e g i s t e r i s do c ume nt e d , a l o ng wi t
da t a s e t t ha t pr o v i de s t e s t v e c t o r s f o r i t . Thi s s h i f t r e g i s t e r c a n be us e d a s a t wo
r a ndompa t t e r n g e ne r a t o r f o r o n- c h i p t e s t i ng . The r e g i s t e r o p e r a t e s wi t h a l e a d i ng -
a n a s ync hr o no us r e s e t , a nd c o nt r o l b i t s t o e na bl e s h i f t i ng ( t o t he r i g ht ) a nd l o a di
a r e a po l ynomi a l a nd a s e e d va l ue ; t he o ut put i s a b i t pa t t e r n . The f e e dba c k f e a t ur e
by t he po l ynomi a l . Fo r e a c h po l ynomi a l b i t po s i t i o n wi t h a va l ue o f ` 1 ' , t he va l ue
c o r r e s po ndi ng t o t ha t b i t i s f e d t hr o ug h f e e dba c k c i r c u i t r y b e f o r e b e i ng s h i f t e d .

The WAVES da t a s e t i s us e d t o g e ne r a t e i nput t e s t v e c t o r s f o r t he r e g i s t e r , a nd
a ut i l i t y t o c ompa r e a c t ua l o ut put s t o pr e d i c t e d o ut put s . The r e a r e t hr e e d i �e r e n
f o r t he r e g i s t e r : s t r uc t ur a l , b e ha v i o r a l , a nd s t r uc t ur a l wi t h mul t i p l e c ompo ne
pr o duc e d by t he VHDL g e n e r a t e s t a t e me nt . The r e a r e a l s o t wo a r c h i t e c t ur e s f o r t
: o ne t ha t us e s t he WAVES da t a s e t , a nd o ne t ha t pr o duc e s i nput v e c t o r s i nt e r na l l y. T
t e s t b e nc h us e s a bui l t - i n ut i l i t y t o c he c k o ut put s f r om e a c h o f t he t hr e e r e g i s t
a g a i ns t e a c h o t he r , a nd t he no n- WAVES t e s t b e nc h do e s t he s e c he c k s i nt e r na l l y.
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