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Introduction U 0 c
J What is a YHDL Test Bench?

» VHDL Testbench is a piece of code, which purpose is to verify the
functional correctness of HDL model.

» The main objectives are:
* Instantiate the Design Under Test (DUT) or Unit Under Test
(UUT)
* Generate stimulus waveforms for it

* Generate reference outputs and compare them with the
outputs of DUT

* Automatically provide a pass or fail indication

> So, the Test bench is a part of the circuits specification
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d Stimulus and response

» Test bench can generate stimulus:
* Generating them “on the fly”
* Reading vectors stored as constants in an array
* Reading vectors stored in a separate system file
» Response is produced in the test bench.

» Response can be stored into file for further processing.

> Example:

* Stimulus can be generated with Matlab and TB feeds it into
DUT.

* DUT generates the response and TB stores it into file.
® Result can be compared to Matlab simulations.
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Test Bench Structures

U Test Bench characteristics

> Test bench should be reusable without difficult modifications.

» The structure of the TB should be simple enough so that other
people understand its behaviour.

» Good test bench propagates all the generice and constants into
DUT.

d Question:

How to verify that the function of the test
bench is correct?
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d Simple Test Bench

> Only DUT is instantiated into the testbench
> Stimulus is generated inside the testbench

» Poor reusability

» Suitable only for relatively simple designs

1B
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d Simple Test Bench Example:

» DUT: Synchronous adder

likhrary IEEE;

use IEEE.3TD LOGIC 1164.ALL;

use IEEE.3TD LOGIC ARITH.ALL:;
use IEEE.3TD LOGIC UNSIGHED.ALL:

enticy adder reg is
porti
clock ! in std logic;
nkeset @ in std logic:
a, b ! in std Jogic vector (7 downto O ;
v i out std logic vector (7 downto O)
[

end adder reg;

architecture bhy of adder reg is
bhegin
process (clock, nReset) 3(710) y(?’O)
hedgin
if nReser='0' then b(TO)
¥ <= [others => '0');
elsif clock'event and clock='1l' then clock
¥ <= a + b}
end if; nReset
end process;
end bhv;
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- Simple Test Bench Example:

» TB for synchronous adder (template from Aldec’s Active-HDL)

library ieee;
use ieee.std logic unsigned.all;

use ieee.std logic _arith.all;
uze ieee.std logic_1164.all:

—— Add wvour library and packages declaration here ...

entity adder reg th is '3
end adder reg th; hegin
—— Unit Under Test port map
architecture TE ARCHITECTURE of adder reg th i=s UUT : adder reg
—-— Component declaration of the tested unit port map |
component adder reg clock => clock,
port | B nBEeset =>» nReset,
clock @ in std logic; a =x a,
nkeset : in std logie: b => h,
a ! in std logic vector (7 downto 0O]; v =x ¥
b1 in std Jogic wector (7 downto O): 1
v ¢ out std Jogic_vector (7 downto O)
end component: —— Add vour stimulus here ...

-- Stimulus siguals - sigmals the input end TE_ARCHITECTURE:
gignal clock @ std logic;
signal nReset : std logic: configuration TESTEENCH FOR adder reg of adder reg th is
signal a : std logic vector (7 downto 0); for TE _ARCHITECTURE

2ignal b : std logic wector (7 downto O): for UUT : adder reg

-— Observed sigmals - sigmals mapped to the output use entity work.adder reg(bhw);

2ignal vy : std logic vector (7 downto O); end for:

end for;

—— Add vour code here ... end TESTEENCH FOR adder reg:
\ 4
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dSimple Test Bench
Example: > Stimuli generation [

hegin

nEeset <= '0';

> Signal declaration * Sequential (process):|  .ile: semion

-— Add your code he;e ces nBeset <= '1';:

constant PERIOD @ time := S0 n=: a o= "O0000000r;
i . 5 a= Il s

2ignal clock @ Stﬂ_lﬂ[jlﬂ H at: b o= "OO0o00O0t:

wait for PERIOD:

> Clock generation * Concurrent: a <= moosoooot”;

2] <= mfooooooolt:
- Add your stimulus here ... nReset <= '0', '1' after PERIOD; wait for PERICD;
gen clock : process (clock] a <= rOogoooooT,
begin tooooooolt after Z¥PERICD, a <= "O11ioo0100t:
clock <= not clock after PERIOD/Z; "01100100" after 3*PERICD, b <= rOoooooioiv:
end process; M11111111" after 4%PERIOD; wait for PERICD:
roooooooorr,
fooooooolt after Z¥%PERICD, a <= "11111111";
Toooooiolt after ZEPERICD, b <= rfooooooolt:
tooooooolt sfter 4%PERIOD: wait for PERIOD:

> Simulation end process:

MNarme Walue| s o200 o400 vBO. o o@D WO 200 WO, B0 180 200, 2200 0 240
2303
v 0 [ 1 T 1 [ 1 [ 1 T

arpReset |

ar g (] k4 YFF
w (il b5 F{]

[ ary
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d Test Bench with Separate Source

» Source and DUT instantiated into Test Bench.
> For desighs with complex inputs and simple output.
» Source can be for instance an entity or a process.

IB

Source
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d Test Bench with Separate Source Example:

> Input stimuli for adder is generated in a separate entity counter

IB

RatX

Clk

v
FstX ‘

Counter

» Source is a clock triggered up-counter.
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d Test Bench with Separate Source

» Source component

library iecee:

use ieee.std logic unsigned.all;
use ieee.std logic arith.all;
use ieee.std logic 1164.all;

EnCity th counter is
port |
clock ! in std logic;
nReset : in std logic:
v : out std logic vector (7 downto O]
1z

end th_counter:

architecture bhv of th_counter is
begin
process (clock, nReset)
variable count: std logic vector (7 downto 0);

hegin
if nReset='0"' then
count = (others =x '0');

y <= [others => '0']; clock y(7:0)

elzif clock'ewvent and clock='1l' then
count = count + 1; nReset
¥ 4= Count;
end if;
end process;
end hhv:
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d Test Bench with Separate Source

> Test Bench

library ieece:

use ieee.std logic unsigned.all:
use ieee.std logic arith.all;
usze ieee.std logic 1164.all;

-— Add yvour 1ibrary and packages declaration kere ...

entity adder reg == th i=s
end adder reg == th:

architecture TE ARCHITECTURE of adder reg ss th is

—-— Component declaration of the tested unit
cowponent adder reg
port |

clock in std logic:

nkeset in std logic:

& : in std logic_vector (7 downto 0);

b ! in std logic vector (7 downto 0O);

v ¢ out std logic vector (7 downto O} |;
end component;

-— Component declaration of the "th counter(bhv)™ unit
component th counter B
port |
clock in std logic:
nheset in std logic:
v ¢ out std logic vector (7 downto O0));
end component:

<r

—-— Stapumlus signals - signals mapped to the input and
—— inout ports of tested entity

signal nReset std logic;

-— Okhserved signals - signals mapped to the oubput
-— ports of tested entity

signal y : std logic vector (7 downto Of;

—— Addl veour code here ...
constant PERICD time := 50 ns:
signal clock gtd logic := '0';
signal stim in std logic vector (7 downto 0);:
hegin

-— Unit Under Test port map
ouT adder reg
port map |
clock => clock,
nReset => nReset,
a =» stim in,
b => stim in,
¥ =r ¥
)z

stim gen

port map|
clock => clock,
nReset => nReset,
¥ = 2tim in

1:

th_counter
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d Test Bench with Separate Source

> Test Bench

—— Add your stimulus here ...
gen clock @ process (clock)
hegin
zlock <= not clock after PERIODSZ:
end process;

nkeset <= '0', '1' after PERIOD;

end TE ARCHITECTURE:

configuratio

for TE_ARCHITECTURE

for

end
for

encd
end for:

end TESTEENCH FOR adder reg:

n TESTBENCH FOR adder reg of adder reg ss th is

UUT : adder reg

uze entity work.adder reg(bhv):
for;

Stim gen : th_counter

use entity work.th counter (bhv);
for:

» Simulation

Marme Yalueg| &




Test Bench Structures U 0 c

dTest Bench with a Separate Source and Sink

> Both the stimulus source and sink are in separate instances.
> Complex source and sink without response-source interaction.

Source
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U Smart Test Bench

» When circuit’s response affects further stimulus.

IB

Source

—
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U Test Bench with Text-10

» Stimulus for DUT is read from an input file and the data is modified
in the source.

> The response modified in the sink is written in the output file.

IB
o e o

I}lput Source (_:)utput
file | file

\-‘"—n__,_—"'# “"‘—‘_‘_,_—l'r;
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U Test Bench with Text-10
> Test Bench

library ieee;

uze ieee.std logic unsigned.all:
uze ieee.std logic arith.all:
use ieee.std logic 1164.all:
library std;

use std.textio.all:

use ieee.std logic textio.all:

—-— Add vour code here
constant PERICD time := 50 ns;
2ignal clock @ std logic := '0';

entity adder reg textic th i=
end adder rey textio th:

architecture TE ARCHITECTURE of adder reg textio th i=s
-—- Component declaration of the tested unit
cowponent adder reg

hegin

—— Unit Under Test port map

port | TUT : adder reg
elock @ in std logic: .
- port map |

nReset : in std logic; o lock =» clock,
a : in std logic vector (7 downto O0); nReset  => nReSer
— - r

b in std Jogic vector (7 downto O):
v ¢ out std logic vector (7 downto O]
end component:

-— Stimulus signals - signals mapped

-— gnd inout ports of tested entity
signal nReset std logic;

signal a : std logic vector (7 downto O):
signal b std logic vector (7 downto 0O);
-— (Observed signals - signals mapped to
-— ports of tested entity

signal y : std logic vector (7 downto 0);

the input

the output

a =r a,

o] => kb,

K = ¥
1

—— Add vour stimulus here
gen clock @ process (clock)
hegin
clock <= not clock after PERIODSZ;
end process;

nReset <= '0', '1' after PERIOD:
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U Test Bench with Text-10
> Test Bench

process(clock, nReset) . . .
file file in : text is in "datain. bxifs configuration TESTEENCH FOR adder reg of adder reg textio th is
- ) ! for TE ARCHITECTURE
file file out : text is out "dataout.txt”; -

. . . . for UUOT : adder reg
variahle line in : line; ) -

. LT . use entity work.adder regibhv);
variahle line out : line; -

variable input tmp : integer;

end for:
variahle output twp : integer: end for;
. - end TEITEENCH FOR adder regq:;
hegin L 4 - = -
if nBeset='0' then
a <= [OTHERZ => '0');:
B <= (OTHERZ => '0');:
glzif clock'ewvent and clock='1l' then
—— Eead one line from the input file
—— aid move data to "input tmp"
if not (endfile({file in]] Ehen
readline (file in, line in):
read(line in, input tmp);

a <= CONV_STD LOGIC VECTOR|input tmp, 5);
b <= CONV_STD LOGIC VECTOR(input tmp, =);

output twp := CONV_INTEGER(y);
write(line out, output tmp):
writeline(file out, line out);

elze
aszsert false

report "EEEEES End of file | FEEEEE

Severity note;

end if;

end if:
end process;
end TE_ARCHITECTURE;
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d Test Bench with Text-10
> Simulation —lo/x]

Fitzer Edita Formatacio  Wisualitzacid  Ajuda

=]

[—1—

oz
YFF Y22 J(iE
a2 YFE 44

i)

# Simulation has heen initialized Fitxer Edita Formatacid  Wisualitzacd  Ajuda
# Selected Top-Lewvel: testhench for adder reg :J
run B5ZSns
# EZECUTION:: NOTE i FFEREE Fnd of file | #FEEwEE
# EXECUTION:: Time: 5Z5 na, Iteration: 0, TOP instance, Process:
# KERNEL: stopped at time: 525 ns

>

Console  /
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d Test Bench using Golden Design

» DUT is compared to the specification i.e. the golden design.
B

Golden|

Design \
Source

e
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d Test Bench using Golden Design

» Simulation with a Golden Design

B Cad GexD

— Behavioral
Model _ S
datain. txt Read T ) Write dataout txt

Stimulus : Result
RTL

Model

jD messages
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d Same Test Bench for different Designs

(or architectures)
» Architecture of the DUT can be changed using the configuration.

DUT

behavioural
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Modelsim-Altera Simulation

U Modelsim-Altera simulator

> Invoked directly from Altera’s Quartus Il tool.

» Needed to use test benches (Quartus simulator only allows
waveform entry).

d Setup path:

> Quartus Il > Tools > Options

Categony:

= General =i N EDA Tool Options
i EOA Tool Optians

- Intamet Connectivity —MativeLink options
i License Setup
Processing

.. Global User Libraries (Al Frojects) EDA Taal
= Assignment Editor
Colars

Specify the location of the Nativelink executable for each third-party EDA toal:

Location of Executakle

LeonardoSpectrum < double-click to change path »
Frecision Synthesis < double-click to change path »
Swnplify < double-click to change path »
=8 EEIDckaymeI Editor Synplify Pro < double-click to change path >
Colars Active-HDL < double-click to change path »
hModelSim < double-click to change path »
&=l Chip Flanner kodelSim-Altera Chaltera\Bl\modelsim_ae'\wind2aloem
Colors < double-click to change path »




Modelsim-Altera Simulation

u EDA Tools Settin=5 > Simulation

Categary:

-~ General
- Files
- Libraries
- Device
- Operating Settings and Conditions
- Compilation Process Settings
-EDA Tool Settings
- Design Entry/Synthesis
Simulation
- Timing Analysis
- Formal Yerification
- Physical Synthesis
- Board-Lewel
M- Analysis & Synthesis Settings
- Fitter Settings
- Timing Analysis Sefings
- Assembler
- Desigh Assistant
- SignalTap Il Logic Analyzer
- Logic Analyzer Interface
- Simulator Settings
- PowerPlay Power Analyzer Settings

Specify options for generating output files for use with other EDA toals.

Tool narme: IMDdeISim—AItera

[¥ Run gatedevel simulation automatically after compilatian

=2

— EDA MNetlist\Writer options

Farmat for output netlist: IVHDL LI Tlime scale:

Output directory: Isimulation,’modelsim

[v Mapillegal HOL characters [T Enable glitch filtering

Options far Power Estimation
[~ Generate Walue Change Dump (vCD) file script Script Seftings. .

Design instance name: I

hore Settings... |

— Mativelink settings

" MNone

® Compile test bench: IEPPvid_tb LI ‘ Test Benches...

[ Use scriptto set up simulation:

(" Scriptto compile test bench: I

I
|
|




Modelsim-Altera Simulation

Jd EDA Tools Settings > Simulation

Settings - EPPvid

Category:

- General
- Files
- Libraries
- Dewvice
- Operating Settings and Conditions
- Compilation Process Settings
-EDA Tool Settings
- Design Entry/Synthesis

-~ Simulation

- Timing Anabysis

- Farmal Werification

- Physical Synthesis

i Board-Lewel
-Analysis & Synthesis Seftings
- Fitter Settings
- Timing Analysis Settings
- Assembler
- Design Assistant
- SignalTap | Logic Analyzer
- Logic Analyzer Interface
- Simulator Seftings
- PowerPlay Power Analyzer Settings

Specify aptions fo

Tool name: IMD

[v Run gatedeve

— EDA Metlist Wit
Format for outp
Cutput directo

[« Mapillegal

Options far Pd
[ Generate

Design |

I tdore Settinﬁ

— Mativelink seth
(" MNaone

" Compile tes

[~ Use scri

(" Scriptto co

UOC

e EDA Tools Simulation Settings

Specify the settings for the EDA third pary simulation options inyour project.

— Option

MNarme: IMaintain hierarchy

Setting: IOn

Description:

=l

simulation netlist for the project.

Maintain the original user design hierarchy when generating Yerilog or WHDL ;I

[

Existing option settings:

Reset

Reset All

Marme:

Setting:

Architecture name in %HDOL output netlist

Bring out device-wide setfreset signals as ports
Disahle setup and hold time violations detectio...
Do notwrite top level WYHOL entity

Flatten buses into individual nades

Generate netlist for functional simulation only
tdaintain hierarchy

Truncate long hierarchy paths

structure
0itf
Qiff

o]

Cancel

Reset |

(0] | Cancel
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J EDA Tools Settings > Simulation > Test Benches

> New ﬁor Edit:
Settings - EPPvid il

Categony:

General Simulation

- Files

Libraries Specify options for generating output files for use with other EDA tools.

- Device

-- Operating Settings and Conditions

-- Compilation Process Seftings

= EgDATo.Dl =eflings . [¥ Run gate-level simulation automatically after compilation
i Design Entry/Synthesis

Tool narme: IMDdeISim—Altera

Specify settings for each test bench.

Existing test bench settings:

Mame |TDpIeveIdeuIe Design Instan... | Runfar | Testhench file(s) Mew...

EFFwid th  EFPwid_th LuT 1.3ms {EFP_TE/src/th_EPPvhd.epp
Edit. |

Delete |

I TestBenches...

Cancel
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JEDA Tools Settings > Simulation > Test Benc
» New (or Edit)

Edit Test Bench Settings

Edittest bench settings for the selected test bench.

Testbench name: EPPwid_th DA taals,

Top level module in test bench: |E|:>'Z>‘\“id_tb

Design instance name in test bench: IUUT

— Sirmulation period

¢ Bun simulation until all vectar stimuli are used

® End simulation at |1-3 Ims LI

— Test hench files

File name: I J A |

File name Library HDOL “ersion Femowve |

JERPF_TB!srofth_EFPwhd wiork, Default

eppvid_TE.whd Default Up |
Diown |

Froperties | TestBenches...

|
|
N




Modelsim-Altera Simulation

JEDA Tools Settings > Simulation > Test Benc
» New (or Edit)

Edit Test Bench Settings il E il

Testbench name: EPPwid_th DA taals,

Edittest bench settings for the selected test bench.

Top level module in test bench: |E|:>'Z>‘\“id_tb

Design instance name in test bench: IUUT

— Sirmulation period

¢ Bun simulation until all vectar stimuli are used

® End simulation at |1-3 Ims LI

— Test hench files

Filz name: Oy JordiyWHDLAElectronica
File name: I Litarany:

File name Likrany HDOL ‘ersion HDL wersian: Default

JERPF_TB!srofth_EFPwhd wiork, Default
eppvid_TB.vhd Default

FProperties




Modelsim-Altera Simulation

Tasks

dFunctional e

1 Start Project

1 : 1 Adhisors
5|mU|at|On # (] Create Design
1 Assign Caonstraints
#  Compile Desigh

> Fa@t’ but no timing “@ Program Device (Open Programmer)

B =3 Werify Design

. . B4 Sirmulate Design

| nfo rm at' O n. H-- W Quartus I Sirmulatar (Tiring
E- Sirnulat

-] Edit Setings

B-b EDAGate-level 5 ol - AdAN
B On-chip Debugging Stop Processing
- PowarPlay Power Anamreet

B Engineering Change Order (ECO)
] ExporDatahase

] Archive Project

Tasks
Flowy: IFuII Deasign

Task
1 StartProject
1 Adhvisors
(1 Create Design
PO ét—' | a O u t 1 Assign Canstraints
»  Compile Design
& Program Device (Open Programmer)

(Gate-Level) g

- Cuarus || Simulator (Timing)

He e EDA BTL Simulation

[ []
Simulation -t
W] Edit Settings
-] On-chip Debugging
B M o Bl PowerPlay Power Ana. Ston Processin
> 6 IOW6 |", b Ut d 6ta ' led tl m l ” g -] Engineering Change Crder (I:E[_:,)UJ 2
| ExporDatahase

information available. D1 Avchive Projedt

Start: Agair
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d Test Bench: functional vs. timing simulation

» Functional:
* ldeal, “instantaneous” response.

Mame Yalueld 47 55 476 0 4FRS5 . 4FF 0 ATFS 0 478 . 4785 0 473 . 4735 0 480 ., 4805 . 481 . 4315
1475 ns . : ) ! ) ’ . ; : - - .

arcfock 1

ar nReset 1

[+ g

H oy

[ Ay

» Timing (Gate-Level simulation):
* Notice delay and glitches.

MNarme valeld| 475 are  a7eS ., 477 . 4775, 478 . 4785 . 479, 4735, 480 , 4805 . 481 . 4815 . 462
475 s B.979 s

ar clock, 1

r nReset 1

[ 02

[ arg 02

[ Ay FE
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D MOd@lﬁim Execution Simulation control

7] Modelsim ALTERA 6.19 - Custom Altera Version -0} x|
Fle Edit Wew Format Comple Simulaste Add Tools Window Help
J = & EERE  MT Sy J e S J 4+ mil F)ﬁl%@“ Contams:’i 0“ Aapid J b e H WﬂJ & &
Workspace S Ha X P x|
E Instance j = &
= eppvid_th h
+ 8 th_u0
TT:F uut
+ 0 ul
‘ 11-;. ul

} _T_r. u2
+ w3
| Ir. ud 1010
ﬂ \fo ling__208 < 011110101
@ gen_cack
L gen_stimulus
Iprm_device_far
lpm_common_c
Ipm_componen d_th e
epp_th_pck e ! n & feppvid_thiuut..
stod_logic_textio
std_logic_unsig
std_logic_arith
stod_logic_1164
textio

standard

Hierarchy
navigation

Cursor 1

Ll
mubrary & sim Ay

Transcript
# @1184600 ns > INFO: GetPixel = 10 /
# @1185240 ns > INFO: GetPixel = 12
# (@1185880 ns > INFO: GetPixel = 14
# (@1186520 ns > INFO: GetPixel = 16 i

# (@1187160 ns > INFO: GetFixel = 11 Interna[ 5'@ Ha[5 Ca n be
# @1187800 ns > INFO: GetPixel = 13

H 12 thel Actual values
ns > etPixel = S Wl’l, Even sin elr .
L 1104000 ne > INFO. Getrrel 15 © using shown for signals

# (31189720 ns > INFO* GetPixal = 12 eymbolic forms (IG

# 1190360 ns > INFO- Gggfixel = 14
# @1191000 ns > INFO: 50Pixel = 16 :
# @1191640 ns > INFO: fetPixel = 11 state names instead of
GetPixel =13 b R d
GetPixel = 15 )
GetPixel =10 Inary CO 65

GetPixel = 12
GetPixel =14

Simulator console 2 NFC: Copret- 16

GetPixel = 11
shows results, warnings E
and errors from test

Getlevel = 07
benches

y 4
/
7
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J Advanced Test Bench




Advanced Test Bench

Using Records to store vectors:

—-— Add vour code here ...

constant PERIOD : time := 50 ns;
Fignal clock @ std logic := '0';
Zignal error sim : std logic := '0';

type test record is record
nkReset std logic; —— Inputs
a ! std logic vector (7 downto
] i std logic vector (7 downto
v : std logic _vector (7 downto
end record;
type test_array is arrayv(positive range
constant test_wvectors test_array := |
-— nleset 2 b ¥
oty CONV_3TD_LOGIC _WECTOR(3, ©),
[ COMNV_STD LOGIC WECTOR(1, &),
[ CONYV_3TD LOGIC WECTOR(6S, &),
[ ZrCoe,
[ COMNV_STD LOGIC WECTOR(255, 8],
e

hegin

-— Unit Under Test port map
UUT : adder reg
port map |
clock =» clock,
nkReset => nReset,
a => a,
b => h,
¥ =Ry
1:

-— Add vour stimulus here ...
gen clock @ process (clock)
hegin
¢lock <= not clock after PERIODSZ:
end process:

—-— Expected result

of test_record:

COMNWV_3TD_LOGIC VECTOR(4,
COMNV_STD LOGIC VECTOR(1,
CONW_3TD LOGIC VECTOR(4,
foooiooilt,

COMNV_STD LOGIC VECTOR(1,

CONV_STD _LOGIC VECTOR(D, 5)),
CONV_STD LOGIC VECTOR(Z, 2],
CONV_STD LOGIC VECTOR(69, 5)),
CONV_STD LOGIC VECTOR([63, )],
CONV_STD LOGIC VECTOR(O, &))




Advanced Test Bench

4 Using Records to store vectors:

test run: process

varishle wector @ test_record;

varishle last v ! std logic vector (7 downto
hegin

-— Ipitialization

laszt_y 1= tCest_wectorsil) .y

> AIIOW@ QtimU|U5 applioation: for i in test wvectors'range loop

-— Apply stimulus

vector = test vectors(i):;
nReset <= wector.nBeset;
a <= wector.a;

] <= wector.b;

wvait for PERIOD/Z:

> X al’ld I"65POH56 al’lalyﬁiﬁt -— Verify results from previous cycle

aggert last y = y
report UFEETEE Output mismatoh! TEeesse
severity WAFRNING:
if (last_¥ = y] then
error_sim <= '0';
else
error_sim <= '1';
end if;

-— Fet result to verify on next cycle
last_y := wector.y;

-- Operate
yait for PERIOD/Z;
end loop:

wait for PERIOD:

asgert false
report TFFEFEE End of stimulus | FEREEEEr
Severity note;
end process:
end TE_ARCHITECTURE:
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 Using Records to store vectors:

> Allows easy designer notification in case of simulation errors:

* “Assert” command allows console notification

run 300ns
# EXECUTION:: WARNING: *%%%%% Cutput miswmatch! #sxssw
# EXECUTICN:: Time: 225 ns3, Iteration: 0, TOP instance, Process: Lest_run.
# EXECUTICN:: NOTE o wEEwEEE End of stimulus | FEEEEE
# EXECUTICN:: Time: 300 n=s, Iteration: 0, TOP instance, Process: Lest_run.
# EERMNEL: stopped at time: 300 ns

>

B Console |

* Timing simulation using “error_sim “signal for error notification:

o grror_sim




Advanced Test Bench

UOC

. Complex 1/0 on text files can produce similar results:

read cwd: process
file cmdfile : TEXT:
variable line in : line;
variable line out : line;
variabhle is0k : hoolean:

-- Define file "handle"

variable wveotor @ Cest_record;
variable last vy : std logic vector (7 downto 0);
begin

FILE OPEN(cmdfile, "cmdfils.txt”, READ_MODE)
last_y := CONV_STD_LOGIC_VECTOR(D, &);

loop
if endfile(cmdfile) then
assert false report TEEFEEEE EOF #EFEEET geyerity NOTE!
exit;
end if:

readline jcmdfile, line inj;
next when line in'length=0; -- Skip empty lines

read(line _in, wvector.nReset, is0k):;
azsert is0Ok report "Text I/0 read error” severity ERROR:

hread(line_in, wvector.a, isOkj;
azsert is0Ok report "Text I/0 read error” severity ERROR:

hread(line_in, wector.b, isOkj;
azsert isOk report "Text I/0 read error” sewverity ERROR;

hread(line_in, wector.y, isOk);
azsert isOk report "Text I/0 read error” sewverity ERROR;

-— Aply stimulus

nBEeset <= wvector.nReset:
a <= vector.al

ja] <= wector.b;

wait for PERIODSZ;

L 4

—-— Check outputs

if (last_y = y] then
error_sim <= '0';
yrite(line out, "Ok

else
write{line out, "FALIL
error sim <= '1';

end if:

—-— Skow output

"

S

hyrite(line out, a, RIGHT, Z):

writef(line out, " + ");

hyrice (line out, b, RIGHT, Z):

write(line out, " = ");

hyrite{line out, y, RIGHT, Z):
writeline (OUTPUT, line out):

last_¥ := vector.y;

wait for PERICD/Z;

end loop:

waic:

end process;
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d Complex 1/0 on text files (Results):
> Stimulus file: -0l

Fitcer Edita Formatacid  Visualitzacid  Ajuda
23 14 00 ﬂ

01 01 02
23 43 66
ff 01 00
of 01 10

» Simulation

run 300ns;

KEFNEL: Ok @ 23 14 oo

KEFNEL: Ok : 01 01 oo

KEFNEL: Ok @ 23 33 oz

KEFNEL: Ok : FF 01 3]

KEFNEL: Ok : OF 01 oo

EEZECUTICHN: : NOTE P FEEEEE FOF REEEER

EZECUTION:: Tiwe: 2530 ns, Iteration: 0, ToOP instance, Process: read cmd.
KEFNEL: stopped at time: 300 ns

Results:

g
g
g
g
g
g
g
g

b

B Console

Name g .20, 40, .B0.,.80., W0 , 10 . WO . WO . WO . 200 , 220 , 240 . 260 ,

ook

w nRaset |
g Yo JoF

H by

oy

roorror sim
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read cwd: process

D R d ° varishle line out : line;
a n Ol l l Pa 6 rn 6. wariable last_¥ : std logic_vector (7 downto O):
wvariabhle is0k : hoolean:
variable seedl, seediZ: positive;

> U56 math_r‘aal package: variable r: real:

begin

LIERARY ieee; —— Initiglize seed with random values L
USE ieee.std logic 1164.ALL: seedl := 123; Al’ly POQIth@
USE ieee.std logic_arith.ALL: seed2 1= 12131; il’lt@@@f‘ is allowed
USE ieee.ztd logic unsigned. LL:
use ieee.math real.all:

nReset <= '0';
last_y := CCONV_3TD_LOGIC VECTOR(O, &)

librarv std: wait for PERIOD; . . . .
¥ ; Uniform distribution:

use std.textio.all; B = 111 .
nReset <= 11'; gives a real between

use ieee.std logic textio.all:

for i in 1 to 100 loop O and 1

> Procedure: L e e

uniformizeedl, seedi, ri:
& <= CONV_STD_LOGIC VECTOR(integer (r*z56.0), &):

(] lnitializc ecede uniform(seedl, seedZ, r):
b <= CONV_STD_LOGIC_VECTOR (integer [r*255.0), &];

wait for PERICD/Z;

—-— Check outputs

— Each pair of values
if (last_y = ¥ then Result can
produce the same result e o eoalog

(each time the simulation croe e St and

write(line out, string' ("FALIL :")); COHV@rth tO

is executed on the same SRS < integer
simulator; they are . onew output
pseudo-random rre Line o sveing: 1 11

hwrite(line out, b, RIGHT, 2):

numbera). write(line out, string'l' = ")):

hwrite{line out, ¥, RIGHT,
writeline (OUTPUT, line_out):

Qualification

* Use uniform() function y
. las't_: :_P:ﬁém 2; required on
and scale its result. ot ke for PERIOD/Z; Modelsim

assert false report "FFFEEE End Of Simulation FEFEEEN gpyverity NOTE!

waitc:
end process;
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U Limitations of vector-based Test Bench

» Raw vectors are adequate for testing small systems.

> However, as test suite size increases it becomes more difficult to
maintain and write raw data.

J Bus functional models (BFM) are the solution?

» BFM overcome the difficulties of creating and maintaining raw test
data, because modular techniques can be used.

> BFM describes the behavior of the part at the interface-level
without modeling the internal operation.

» BFM can be created directly from the interface information
contained in data sheets. EPP Address Write

Wite |\ /
Adarsiobe  \ [
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d Writing Bus Functional Models

» BFM only needs to model a small portion of the functionality:
* None of the internal operation is modeled.
* Only some aspects of external operation are needed.

* However, the reactivity of the BFM makes it more difficult to
check all possible behaviors and isolate errors in the test bench

from the UUT.

» Therefore, first step is to decide what transactions need to be
modeled to test the UUT (and obtain a description of those).

> Next step is to write HDL code for each transaction type.
* Should be coded for reusability

» Seems clear that procedures or components should be used to model
transactions.

* Because these constructs are reusable and can contain
sequential statements that allow for the passage of simulation
time (s0, YHDL functions can’t be used).




Advanced Test Bench U 0 c

d Writing Bus Functional Models

» Procedures-based transactions are easier:
®* Less coding is required

® Can be invoked by a simple procedure call (whereas extra control
sighals must be added to a component and triggered from the
calling location to initiate a component’s transaction).

Passing parameters can be done using variables instead of
sighals.

But... must be executed within the context of a single process.

» Component based-transactions
®* More powerful,

® Can contain multiple internal processes. This allows modeling
concurrently-executed sections within a transaction.

® Can be triggered asynchronously from within an executing
transaction without causing it to suspend.
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d Writing Bus Functional Models

> VHDL Procedures Simplified Syntax:

o Containa: procedure procedure_name { formal_parameter list )

— Local declarations
procedure procedure name { formal_parameter list ) is
- SGQUGI’ICG of statements procedure_declarations

¢ e begin
* Definition sequential statements

end procedure procedure name;

— Procedure declaration (optional)

» Name
» Parameters
— Procedure body
» Any sequential statements are allowed (including wait).

> However, wait can not be used in procedures which are called
from a process with a sensibility list or from within a function.

® Can be called in any place of the architecture
— So it can be a sequential or concurrent statement.

®* Can be overloaded (different number or type of parameters).

®* Procedures can be nested.
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d Writing Bus Functional Models

» Example: EPP Address Write Cycle transaction

EPP Address Write

Wite /
Addr Strobe | {

* “Timing” diagram:

K

procedure th EPP CmdWrite{cwd : in std logic vector (7 downto O)) i=s

®* Procedure: begin

nifrite asyne <= '1';

— Relies on external niddrStrobe_asyns <= 10

if nWait='1' then

variables or signals. wait uatil nVaic='0!;

end if:

— Not-reusable.

I

nlirite async
niddricrolbe async
data port

- DlY Lab: wait until nWait='1':
» Make it reusable. wait for PERIOD/Z;

nlirite async <= '1';:

M
nmonou

niddr3trobe async <= '1';
data port <= [others => 'Z');
end procedure th EPP Crmdlrite;

® Call: [wo_Epp_crairite {roooooooon) ; |
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The End
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