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Overview

SRAM Model
Attributes

Loop Statements

Test Bench examples using
— TEXTIO
— Conversion functions
— Reading file containing test vectors

— Writing test results to file
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Adding the SRAM model

e New testbench

Battleship/RISC

Jim Duckworth, WPI 3 Advanced Testing using VHDL



SRAM - Simplified Read Operation

READ Operation (ADV# LOW)
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SRAM Model - Verilog

B ISE Text Editor (M.63c) - [sram_model.v:2] =T
File Edit Wiew ‘Window Layout Help -8 X
DAEHF 2 4PDEX0d MEiALBRARAN BB IB)LR
f 20 AR AR AN A A A AR A SR AR AR SR AR AR R R R R PR R NS R NSRS
= 21 module sram model | B
— 22 input [2:0] addr,
23 inout [7:0] data,
o 24 input oe_n,
25 input we_n
26 1
- 27
zZ8 A4 thi=z wodel simulates how we expect the external IRAM to rezpond
A 24 Ff owe will add some simple checks and delayzs later
% 30
31 /¢4 create an array of 1024 memory cells, each § bhits wide
Al 32 reg [7:0] sram[0:10237:
%% 33
34 ff load data on rising edge of we Signal
35 always @ (posedge we_n)
36 sram[addr] = data:
37
ag A create tri-state signal for data
39 /¢ drive data lines when oe_n is low, else tri-state
40 assign data = (oe_n == 0] ? sram[addr] : §'hz;
41
4z endmodule
43 b
£ | >
I sram_rnodel, vi2 B |
Ln 32 Col 21 “erilog
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SRAM Model - VHDL

[ sram_model. vhd

Fil= Edit wiew ‘wWindow
H o 6D R oo M S e XA | E =EE2=Z2 | 4%%% 0 WM™
1 [tibrary IEEE; -~
2 use IEEE.STD LOEIC 1164 . ALL: Tl
] use IEEE.STD LOEITC ARTITH. ALL:
3 use IEEE.STD LOGIC UNMNSIGHNED . ALL:
=
=] Entity sSram model is
7 FPort [ Sraun addr @ in std logic wector (7 downto 0] 2
=} sram_oe : in std logic:
=] Sraun_we @ din sSto logio:
10 sram_data : inout std logic vector (7 downto O ;
11 Sraoun_oe @ in sStd logic:
1z sram_ub : in std logic:
13 sraun_lk @ in sStd logic) :
13 end sraon model:
15
15 architecture EBehavioral of sSram model i=s
AL LY¥pe mWemory is array (0 to 255) of std logic wector (7 downto O] ;
15 signal Sraanm @0 mMemor
R= Signal int_addr @ integer range O tao 2552
=0 begin
21
== int_ sddr <= conwv integer (srsoan addr) ;
=3 —— read from Sram
=4 Sraan data €= sSram(int addr) after 70 ns when Sranm coce = '0) and sram oe = 'O else
25 MEZZZZZEZZE":
Z6
R — Write to sSsram on rising edge of TE
=5 process (Sramm we)
=29 begin
=] if sraun we'ewent and Srsoen we = 'l then
351 if srawm ce = '0' then
ELE sragn (int addr) <= Sramm datsa;
S5 end if:
544 end iL:
S5 end process:
368 .
37 =nd Behavioral:
IeR =] ~
< I 5
CAPS [ UM [ SCRL [ Lo [ vHDL
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SRAM Model Read and Write

|i Simulation @@
File Edt Yiew TestBench Simulation ‘Window

A= M T BT THR AN AR L SECHCR- & - 4N - B =0 I M T e

Current Simulation i ) - _ . . . o e P o
Time: 1000 ns [ ns Alns 100 ns 180 ns 200 ns 28l ns N0 ns 380 ns 400 ns 480 ns 00 ns

L O T T 948 i gho7 LE
o/l aram_oe _————
0! Brarm_we
sram_dat..
ol Srarm_ce
o/l sram_uh

allsram_lb

¢ 34l 3K Il

Times 285.7 ns
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VHDL Attributes

e Signals can have attributes associated with them
* Example predefined signal attributes are

— function
— value
— type
— range

* Also possible to have user-defined attributes
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Function Attributes

 Predefined functions

e Returns information about the behavior of signals
— S’EVENT

e returns true if an event occurred
e change in value

— s’ACTIVE

 returns true if signal s is active

* new value assigned to signal s (may be same value)

— s’LAST_EVENT

 returns elapsed time since last event

— S’LAST_ACTIVE
— S’LAST_VALUE

e returns value of s before the last event
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Function Attribute example

e Check for setup time violation on d input changing
CONSTANT setup_time : TIME := 12 ns; —-- TIME is predefined

PROCESS (c1k)
BEGIN
IF clk’EVENT AND clk = ‘1’ THEN
ASSERT (d’LAST_EVENT >= setup_time)
REPORT “setup violation”
SEVERITY error;
END IF;

e Assert statement checks that the input d has not had an
event during the setup time.

e If time returned is less than setup time - assertion will fail
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‘now’ function

« NOW

— predefined function that returns simulation time

— IF d’EVENT THEN
lasteventonD := NOW;

IF clk’EVENT AND clk = ‘1’ THEN
ASSERT (now — lasteventonD) >= setup_time
REPORT “setup violation”
SEVERITY error
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RANGE attributes

e Only for constrained array types
e Returns range of specified type

e Two range attributes
— a’RANGE
— a’REVERSE RANGE

TYPE address_bus IS ARRAY (63 DOWNTO 0) OF std_logic;

SIGNAL cpu_address : address_bus; ——- declare array
FOR j IN cpu_address’RANGE LOOP —— 63 DOWNTO O
FOR j IN cpu_address’REVERSE_RANGE LOOP -— 0 TO 63
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VALUE and ARRAY Attributes

e These return the bounds of a type

e Four predefined attributes

— a’LEFT

 returns left bound of type
— a’RIGHT

 returns right bound of type
— a’HIGH

 returns upper bound of type
— aLOW

 returns lower bound of type

e Also
— a’LENGTH

 returns total length of the array
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Value and Array Attribute examples

TYPE address_bus IS ARRAY

SIGNAL cpu_address

BEGIN

PROCESS

(63 DOWNTO 0O) OF std_logic;

VARIABLE i, j, k, 1, m : INTEGER;

BEGIN

e =t

m

cpu_address’LEFT;
cpu_address’RIGHT;
cpu_address’HIGH;
cpu_address’LOW;
cpu_address’/LENGTH;

END PROCESS;

address_bus; —-- declare array

Jim Duckworth, WPI
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Enumerated type example

TYPE days IS (mon, tues, wed, thurs, fri, sat, sun);
SUBTYPE weekend IS days RANGE sat TO sun;

SIGNAL dayl, day2, day3, day4, dayb : days;
SIGNAL count : INTGER;
BEGIN
PROCESS
BEGIN
dayl <= days’LEFT; —— mon
day2 <= days’RIGHT; —— sun
day3 <= days’HIGH; —— sun
day4 <= weekend’LOW; -— sat
count <= days’POS(tues); -— 1
dayb <= days’VAL(3)); —-— thurs

END PROCESS;
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LOOP Statements

e Used to iterate through a set of sequential statements
e Three types

FOR identifier IN range LOOP
END LOOP;

WHILE boolean_expression LOOP
END LOOP;

LOOP

EXIT WHEN condition_test
END LOOP;
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FOR LOQOP

e general syntax
FOR identifier IN range LOOP

END LOOP;

e example:
factorial := 1;
FOR number IN 2 TO n LOOP
factorial := factorial * number;
END LOOP;

e number=2,3,4...
* no explicit declaration for loop identifier required
e also DOWNTO
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WHILE Loop

e general syntax

WHILE boolean_expression

END LOOP;

e example:
j = 0;
sum := 10;
wh_loop: WHILE j < 20 LOOP
sum := sum * 2
j o= 3 + 3;
END LOOP wh_loop;

* Note: optional label for loop statement
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LOOP

* No iteration scheme

— statements in body executed repeatedly until loop exits

* General syntax
LOOP
EXIT WHEN boolean_expression; —— optional EXIT statement
END LOOP;

e Example:
j = 0;
sum := 1;
12: LOOP
sum := sum * 10
j o= 3+ 17;
EXIT WHEN sum > 100;
END LOOP 12;

e If exit statement not present loop executes indefinitely
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LLOOP cont’d

e EXIT statement

— only used inside a loop

* General syntax
EXIT [loop_label] [WHEN condition]
EXIT WHEN boolean_expression; —— optional EXIT statement
END LOOP;

* Example (alternative to previous example):
IF sum > 100 THEN
EXIT;
END IF;
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LLOOP cont’d

* NEXT statement
— used to exit a loop for the current iteration of a loop

— continue to the next iteration

e (General syntax
NEXT [loop_label] [WHEN condition]
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LOOP example

PROCESS
BEGIN
11: LOOP
—— statements
12: LOOP
—— statements
test_num := test_num + 1;

EXIT 12 WHEN test_num = 25;
IF solenoid_1 = “1’ THEN
drive_b := ‘0';
NEXT 11; -- go to top of loopl
END IF;
IF trigger = ‘0’ THEN
—— statements
END LOOP 12;
EXIT 11 WHEN sim_tests = 200;
END LOOP 11;
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Test Bench example

e example test bench:

—— Test Bench to exercise and verify correctness of DECODE entity
ENTITY tb2_decode IS
END tb2_decode;

ARCHITECTURE test_bench OF tb2 decode IS
TYPE input_array IS ARRAY (0 TO 3) OF std_logic_vector (1 DOWNTO O0);
CONSTANT input_vectors: input_array :=
("oo", "o1"™, ™1i0"™, "11M);
—— input_vectors array contains test vectors for input
SIGNAL inl : STD_LOGIC_VECTOR (1 DOWNTO O0);
SIGNAL outl : STD_LOGIC_VECTOR (3 DOWNTO O0);

COMPONENT decode
PORT (
sel : IN std_logic_vector(l downto 0);
y : OUT std_logic_vector (3 downto 0));
END COMPONENT;
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Test Bench example (cont’d)

BEGIN
decode_1: decode PORT MAP(sel => inl, y => outl);

apply_inputs: PROCESS
BEGIN
FOR j IN input_vectors'RANGE LOOP
inl <= input_vectors(j);
WAIT FOR 50 ns;
END LOOP;
END PROCESS apply_inputs;

test_outputs: PROCESS

BEGIN
WAIT UNTIL (inl = "01");
WAIT FOR 25 ns;
ASSERT (outl = "0110")

REPORT "Output not equal to 0110"
SEVERITY ERROR;
END PROCESS test_outputs;
END test_bench;
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Assert Statements

e During testing
— Usually want to display information about signals and variables
e Assert statement 1s rather limited

— Report clause only allows a single string

— no built-in provision for formatting data

ASSERT FALSE
REPORT “first line” & CR & *second line”;
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Test Bench example

e Adapted from Pellerin and Taylor (pages 242-246)

— demonstrates use of
e textio to read in a test vector file
e complex strings in Assert Statements

 string to vector and vector to string conversion functions

— uses a decoder component for test
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VHDL for Synthesis

decoder.vhd ™ - ISE Text Editor

File Edit

= 2 dh | 4 % %

1 libhrary IEEE: s

2 use IEEE.STD_LOEIC_1164. ALL: 0

=2 use IEEE.STD_LOEIC_ ARITH. ALL:

= use IEEE.STD LOGIC THIIGHED . ALL:

- — —

B entity decoder is

7z Port {( sel : in =std logic wector (2 downto 0O) :

=2 ¥ o out std logic wvector (7 downto O] ;

a end decoder;

10

11 architecture EBehavioral of decoder is

12

1= begin

14 7 o<= fOo0000001f when sel = "O00" =lse

15 FO0000010f when sel = 001" =lse ilinx ECS - [decoder.ngr] %)
16 rrOQoooi100rr when =1 = rrOi10crr el O file Edit View Window Help - | &%
17 FOo0001000f when sel = fO117" =lse 0O & =] BB NE BEgo BEMmM AN
12 rroool10000f when =s=1 = 1007 =l=se= x | mmn A |- -

19 rro0l100000f when =s=1 = 1017 =l=se
=0 rrol1000000f when =s=1 = 1107 =l=se=
=1 rrlooooooorr:
22
== end Behawvioral:
=

- |
For Help, press F1 DeCOder

1
A2 0=0<7.0=

decader.nar

Ready [813,158]
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test_vec.txt File

e Format is
— 3 bits for SEL input
— 8 bits for expected output

00000000001
00100000010
01000000100
01100001000
10000010000
10100110000
11001000000
11110000000
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Test Bench VHDL file

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE std.textio.ALL; —— use text I/0 features of standard library

ENTITY test _bench IS
END test_bench;

ARCHITECTURE tbl OF test_lkench IS
COMPONENT decoder —— component to be tested
PORT (sel : IN std_logic_vector (2 DOWNTO O0);
y : OUT std_logic_vector (7 DOWNTO 0));
END COMPONENT;

—— FOR all: decoder USE ENTITY work.decoder; —— configuration
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Test Bench VHDL file (cont’d)

—— function to convert string of character to vector

FUNCTION str2vec(str : string)

RETURN std_logic_vector IS

VARIABLE vtmp: std_logic_vector (str'RANGE) ;

BEGIN
FOR 1 IN str'RANGE LOOP
IF str(i) = '1' THEN
vtmp (1) := '1"';
ELSIF str (i) = '0' THEN
vtmp (1) := '0";
ELSE
vimp (i) := 'X';
END IF;
END LOOP;

RETURN vtmp;
END str2vec;
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Test Bench VHDL file (cont’d)

—— function to convert vector to string

—— for use 1n assert statements

FUNCTION vec2str (vec
VARIABLE stmp
BEGIN

FOR 1 IN vec'REVERSE RANGE LOOP
IF vec (i) = '1"

stmp (i+1)

ELSIF vec (1) =

stmp (i+1)
ELSE
stmp (i+1)
END IF;
END LOOP;
RETURN stmp;
END vec2str;

std_logic_vector)
string(vec'LEFT+1 DOWNTO 1);

THEN

'Ol

lll;
THEN
lO';

IX';

RETURN string IS

Jim Duckworth, WPI
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Test Bench VHDL file (cont’d)

SIGNAL clk : std_logic := '0';

—— create internal signals to connect to test component
SIGNAL sel : std_logic_vector (2 DOWNTO O0);

SIGNAL vy : std_logic_vector (7 DOWNTO O0);

BEGIN

—— 1instantiate decoder test component
ul: decoder PORT MAP (sel => sel, y => y);

clk <= NOT clk AFTER 50 ns; —— create clock for timing
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Test Bench VHDL file (cont’d)

PROCESS
—— declare and open file (1987 style)
FILE vector_file: text IS in "test.vec";

VARIABLE file_line : line; —-- text line buffer
VARIABLE str_stimulus_in: string(ll DOWNTO 1);

VARIABLE stimulus_in : std_logic_vector (10 DOWNTO O0);

VARIABLE y_expected : std_logic_vector (7 DOWNTO O0);
BEGIN

—— loop through lines in test file

WHILE NOT endfile(vector_file) LOOP

—— read one complete line into file_line

readline (vector_file, file_ line);

—— extract the first field from file line

read(file_line, str_stimulus_in);

—-— convert string to vector

stimulus_in := str2vec(str_stimulus_in);
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Test Bench VHDL file (cont’d)

WAIT UNTI1 clk = '1"'; -— rising edge of clock

—-— now get sel input and apply to decoder

sel <= stimulus_in (10 DOWNTO 8) ; —— top 3 bits for input;
WAIT UNTIL clk = '0"'; -— falling edge

—— now check if decoder outputs are correct

y_expected := stimulus_in (7 DOWNTO 0); -- expected output

—— compare decoder output with expected value
IF y /= y_expected THEN
ASSERT false
REPORT "decoder failure" & CR &
"Expected y to be " & vecZstr (y_expected) &
" but its value was " & vec2str(y)
SEVERITY ERROR;
END IF;

END LOOP;

WAIT;
END PROCESS;

END tbl;

suspend the simulation

Jim Duckworth, WPI
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VHDL Test Bench - Results

Ei Ec Yiew Project
DA & PPHALR MBI O, i@ M
& ASRR DR s §5,C% @1 6= b E [0
71 -~
Sources for: | Behavioral Simulation e’ 7z clk <= MNOT clk AFTER 50 ns: —— mreate eclock for timing T
= E]test_bench_decoder 73
[E]test_vectat 74 PROCESS
= £ #c35200-4ft255 =] —-- declare asnd open file (1993 style)
=] dacoder_test_bench_vhd_lb-bahavim[t e FILE wvector file: text OPEN read mode IS "cest wveco.txt’p
uu[-dECDdEI-EEhaViDra|[dECDdEIV T WARIABLE file_line : line; —-- text line buffer
73 VARIABLE str_stimulus_i string (11 DOWNTO 1) :
79 WARIAELE stimmlus_in : std logic wvector (10 DOWNTO O) ;
=0 VARIAELE ¥_expected : std logic_wvector (7 DOUNTO 0);
51 BEGIN
52 —— loop through lines in test file
& . ) L 83 WHILE NOT endfile(wvector file) LOOF
=13 Soure | [ Fies | g Srar| Y Lbrai [ Sim Ins| | 54 -
a5 —— read one complete line into file line
a6 readline (vector_file, file_line):
Processes for decoder_test_bench_vhd a7 —— extract the first field from file line
[ AddEsisting Source [=15) read(file_line, str_stimulus_in):
[ Create New Source =l
B‘ﬁ‘ seilin 15E Simulatar 20 ——.c:Dnvert., string to vector ) )
91 stimulus in := strZvee (str stimulus in):
€2  Behavioral Check Syntax az = = =
[E]  Simulate Behavioral Model a3 WAIT UNTIL1 clk = '1'; —— rising edge of clock
949 —— now get sel input and apply to decoder
95 sel <= stimulus_in{10 DOWNTO 8); -- top 3 bits for input;
a6
97 WAIT UNTIL clk = '0O'; -— falling edge
i=t= —— now check if decoder outputs are correct
fer 2 v_expected = stimulus_in(7 DOWNTO 0); -- expected output
100
101 —— compare decoder output with expected wvalues
102 IF y /= y_expected THEN
i03 LSZERT false
104 REPORT "decoder fallure” £ CR & LF &
105 "Expected v to be " & vecZstr(y_expected) &
106 " but its wvalus was " & vec2str(y)
107 SEVERITY ERROR:
i0s END IF;
109 END LOOF;
110
111 WLIT: —- suspend the simulation T
11z END PROCESS: -
< | L%
Et Pracesses | & Sim Obiscts ‘what's Mew in ISE Design Suite 10.1 I Design Summarnys | test_bench.vhd | [ Simulation
This is & Full wersion of ISE Siwulator (ISim) .
Sirulator is doing circuit initialization process.
Finished circuit initialization process.
at 600.000 ns: Error: decoder failure
Expected ¥ to be 00110000 but its wvalus was 00100000
%
< | 3 Ed
Console | @) Emors | ¢\ Wamings | [ TolShell | [ Find in Files | [ Sim Console - decoder_test_bench_vhd_th
CAPS [MUM | SCRL | Ln 1 Col 1 | ¥HDL
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Test Bench Waveform

| |i Simulation® Q@

File Edit Wew TestBench Simulation Window

L ks P e DO @I 20 v v

Current Simulation
Time: 1000 ns 115 100 ns 200 ns 300 ns 400 ns a00 ns B00 ns T00ns 200 ns 900 ns 1000 ns
| | | | | | Lo v by

¢ » ¢ » B

Time; ---
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Simulation of post-place and route

= wave - default

Rle Edt Wew Insett Fomat Took Window

GEE JBRA DAY N QQAR H AHEH

1
0
I
0
3 I
2 I

i 0
1] |

Il
o /decoder_test_bench vha th2/ck |0

|/
Now | 1000000 Mg 10ns 500 g B0 ns 700 ng I
Cursor 1 ps
' DOERDY ;-
DR2A00 s o 770813 ps | ;
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Writing Test Results to File

test_bench2.vhd - ISE Text Editor

Eile Edit

= dh | 4 % T4

(a1=] v o=x ¥ ~
Ta 1

71

T2 clk <= NOT clk AFTER 50 ns: —— pgreate clock for timing

ic

T FROCESS

75 —— declare and open file (1293 stvle)

= FILE wector file: text OFPEN read mode I3 "test wvec.txt':

77 FILE results file : text OPEN write mode I3 "result=s file.txt':

= WARTAELE file line : line; —- text line buffer

7¥a WARIABLE =tr_stimulus_in: sStringill DOWNTO 1) ;

=20 WARTABLE stimulus_in : std logic wector (10 DOWNTO O)

=21 WARIABLE w expected : =td logic wvector (¥ DOWNTO 0O) ;

=22 VARTALAELE results line @ line;

83 VWARTAELE i : integer := 0O:

= BEEGII

=25 write(results line, string' ("Test Bench to test decoder™)):

=d=] writeline (results f£ile, results line) ;

57 = =

=5 —— loop through lines in test f£ile -
=2=} WHILE MNOT endfile (vector file) LOOF

a0 o - n L s -

= write(results_ line, "test number = " £ integer' image (1)) ;7

az writeline (results file, result=s line):

a3 = =

= —— read one complete line into file line

a5 readline (vector f£ile, file line):

a5 —— pP¥rtrart rthe ?'i'l"FIT'. 'F'i|=-1ri_1=1"n'm Tiler 1ine E
& | -
For Help, press F1 Li
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Writing Test Results to File (cont’d)

test_bench2.vhd - ISE Text Editor

Eile Edit
=N N I

105 £t

108 WAIT UNTIL clk = '0'; -— falling edge

107 —— now check if decoder outputs are cCorrect

102 v expected = stimulus in(7? DOWWNTCO 0O) ; —— expected output

109 = =

110 —— compare decoder output with expected wvalue

111 IF v /= v_expected THEN

112 AZSERT false

113 REFPORT "decoder failure™ & CR &

114 "Expected y to be " & weciIstr (y_expected] &£

115  but its walue was " & wvecZstr (vl

116 SIEVERITY ERROR:;

117 write(results line, "Decoder failure: '

118 "Expected y to ke " & wecistr (y_expected] £

119  but its walue was " & wvecZstriv)):

120 writeline (results_file, results_line);

121 write(results line, string' ("Time is now B R

122 write (results line, now)]: —— display Sirmulation time

123 writeline (results_file, results_line):

124 END IF:

125 END LOOF

126

127 WALTT; —— =Zuspend the =imulation

128 END PROCEZS:

129

1=0 END behawvior:

121 ==
-

<) (| >

For Help, press F1

Li
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results_file

£ results_file.txt - Notepad

File Edt Format Yiew Help

Test Bench to test decoder
test number
test number
test number
test number

test number
test number
Decoder Failure: Expected vy to be 00110000 but its value was 00100000
Time s now 3 600 ns

test number iz 7

test number := 8

O oom = e e —=
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Assert Statement LLimitations

e Assert statements are limited to strings only
— need conversion functions for displaying signals
e Use TEXTIO instead of Assert Statements to print
messages

— supports most data types

— allows writing to multiple files
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Improving output messages

* Use ieee.std_logic_textio.ALL package

e Removes need for conversion functions

B ISE Text Editor - [test_bench.vhd*]

File Edit VYiew ‘Window Layouk  Help - | &
DA S dDEBEX v MaPAPEX PRIA BRE OB,

‘E 6 —— sStd logic wector for the ports of the unit under test. Eilinx recomvends -~
b= 7 —— that these types always bhe used for the top-level IS0 of a design in order

— 8 -—- to guarantees that the testbhench will bhind correctly to the post-implementation —
= 9 -- simulation model.

o i —--

11 LIEBRARY ieee:
12 U3E ieee.std logic 1164.ALL:

L 13 USE ieee.numeric std. ALL:
14 U3E ieee.std logic textio.ALL: —— contains overloaded WEITE functions
A 15 UZE std.textio.iALL: —-— need khoth packages
t;‘, 16
17 ENTITY decoder test _bench whd th I3
A 15 END decoder test _bench whd th;
P 3 13 v
< | »
| kest_bench.vhd*
Copy the selection and put it on the Clipboard Lm 18 Col 31 WHODL
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Modified write statements

B ISE Text Editor - [test_bench.vhd]

File  Edit  Miew Window Lawout  Help = | O X
DPEHP S| EDEX we MEAPAPEKX AR A BEDE| AR
«=| 110 -~
p=| 111 WAIT UNTIL =lk = '0'; —— falling edge 0
— 112 —-— now check if decoder outputs are Correct
= 113[:} v_expected = stimulus_in(7 DOWNTO 0); —- expected output
0 114
= 115 write(results line, "test number = "); —— wWwrite to f£ile
= 1168 write (results line, 1i):
Lt | 117 -— write(results_line, "test number := " & integer'image(i)); —-- alternative style
115 writeline (results_file, results_line);
A | 119
% 120 —-— compare decoder output with expected wvalue
121 IF v /= v _expected THEN
“ 122 write (OQUTPUT, "Decoder failure: Incorrect output™); —-— Write to console
6| 123[=
124[:} write (resultzs line, "Decoder failure: Expected ¥ to be ™); —— write to file
125[:} write(results_line, y_expected);
126 write (results_line, " but its wvalus was "];
127 write (results_line, ¥):
128 writeline(results_file, results_line);
129
120 —— display simulation time
151 write (OUTPUT, "Time is now ™)
132 write (OUTPUT, tCime' image (now) &£ LF);
133
134 write (results line, "Tims is now 7))
135 write (results line, now):
136 writeline (results file, results line):
137
135 END IF: -
139 END LOOP: w
< | 3
test_bench.vhd
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