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1. Introduction

This document is intended to cover some of the more advanced options available
within the SimVision environment to help you debug your design.

All the browsers, the design browser, source code browser the schematic browser
supports the same range of operations in terms of force, release, transfer to waveform
viewer, trace etc. Indeed all the “browsers” support a similar range of facilities.
Given their nature there are unique functions they support however the main
differences is in how they present and interpret the information you are requesting.

It is recommended that you try this out using a design with a hierarchical structure
such as the D Type shift register or counter, either the behavioural or the structural
versions.

The examples in this document all use a behavioural counter test bench.

It is strongly recommended that students utilise the “Help” on the Cadence tools
and in particular look at the tutorial guides for the relevant tools.

You should be aware that these are commercial tools and a number of the functions
and features should regard as expert or advanced level.

Hint:

Remember that hovering the mouse over the icon will give you a short description of
the icons function.

Remember also that all icons have corresponding menu items.

2. What should we learn from this exercise?

We should gain the following understanding to:
e Use the source code browser
Traverse a design hierarchy using the Design Browser
Traverse a design hierarchy using the Source Browser
Set break points in VHDL code to halt execution using the Source browser
Enable/Disable break points in the source code browser.
Single Step the VHDL code / Run for a fixed time
Force signals to a fixed value to aid in debugging
Release a forcing signal
Find the current execution line in the VHDL code in the Source browser

3. Design Browser

3.1. Traversing the Design Hierarchy — How to look at
more than just the top level signals

Normally using the SimVision Design Browser we select the top level entity and this
displays the top level signals. We then transfer these into the waveform viewer.
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However we can in fact traverse the entire design hierarchy and selectively display
signals, variables and constants from any level of the design hierarchy.

This is extremely useful as it allows us to debug the function of the VHDL by
examining signals or variables level we wish, rather than only by looking at the top
level nets. We can even examine individual instances of the same component.
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Figure 1: Design Browser Showing Top level selected and top level signals displayed

If you click the + it will expand the relevant design hierarchy. You can then select the

relevant instance or process to display the signal, constants or variables associated
with the selected item.
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(1] Design Browser 1 - SimVision
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Figure 2: Showing Initial Expansion of top level

Notice that the “test my dtype shift register instance” has underlying hierarchy as
indicated by the “+” on the RHS. If we select this level by selecting

“test my dtype shift register instance” in the left hand pane then right hand pane
will display the signals and variables displayed for this instance. Notice they are
different from those on the top level.

We can repeat this operation until we reach the bottom of the design hierarchy.

In this case counter is a process. By selecting the “counter” we can display the
variables which are local to this process. In this case “int_count”.
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Figure 3: Showing Full Level Expansion

We can select the signals, constants or variables at any level and add them to the
waveform display using the context sensitive menus, by right clicking, the menu item

or the = icon.
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Figure 4: Selecting Signals and sending them to the waveform viewer

3.2. Closing the hierarchy

1313

You can use the “- entry to “shut” the hierarchy.

3.3. Alternative Selection routes

You can select waveforms and signals using the select menu on the design browser.
Select Signals Will select all signals on the currently selected level.

In a similar manner the other options will limit what elements are selected.

Icons on the lower left hand side of the central pane perform the same functions.

= I E]
Leaf Filter Ix Lot

Show contents: | In the signal list area =

I
8 86 (25 [ [ [ 57 e

|@|ShuwﬁHide outputs [iShowideloutouts]

Figure 5: Showing the selection filter options.

AT 33

And this can be extended by changing the filter value from to one that contains
the requisite search strings. If you leave the mouse over an option the system will
display the function. Both over the icon and in the panel on the lower left hand side.

4. Source Browser Tool
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Perhaps the most useful of the other tools like the tools we use to analyse computer
programmes, of which the VHDL simulation can be considered one there is also the
option of stepping through the program using the “Source Code Browser”. This
contains many of the features we are used to in a standard code debugger. All of
which can be useful when debugging a complex structure.

4.1. Moving around the Design Hierarchy

The level of the hierarchy the source code debugger will open up on depends on the
selected level when you invoke it. So which ever element is highlighted in the left
hand pane will be the level at which the source code is opened.

You can however move up and down the hierarchy as you wish.

Source Browser 2 - SimVision [.../testbench_my_dtype_count_behave.vhd]

File Edit View Select Format Simulation Windows Help
H&\ﬁf{“ﬁ@ “@' SEHWQEHE

an Timea =] =0 = = val R a&“ SeachTimes:[Valie <[ =] 48 2%
D B 1ol IR e el

0 ﬁ Soope: |¥1 = & units IWORKLIETEST_MV_DTVPE_COUNT_EEHAVETEST 1R
% a
27| Make sure the name "test bench name’ natches the entity name
1@ w| 27| ARCHITECTURE test OF test _my_dtype_count behave IS |
; 29
a0 |
bl 31|-- You will he instantiating the top level of the VHDL you want to test
32|-- So you must haove a component for it
3] 33|-- This must include the comnectivity which nust match the entity of the
3|-- the conponent being tested
= 35 | conponent.  my_dtype_count_behave
S
a7
Bk
30 PORT (
g] 40 in_system_clock: in std logic:
41 in system reset : in std logic;
42
E] 43 out_system_dataout : out std_legic_vector ( 3 downta 0)
f] 44 -- Note no terminating ";* on last entry
45 )k
46 end component;
41
43
40
50
51
52(-- Tell the design which libray, nane and architecture to use for the component
53[- If there is more than one architecture or it is not a standard name then you need to specify the
54 |-~ architecture to be sels
55
56 FOR ALL:my_dtype_count_behave USE ENTITY wock.nmy_dtype_count_hehave (behaviorall);
57 --FOR ALL:MWy_dtype USE ENTITY work.my dtype (behavioral);
58 B
5[ — only define the nseage for components that are defined at this level
&0
&1
52|  signal t clack std Logics
53|  signal £ reset std Logic;
&4
65
66
&7
68| signal & bdataout std_logic_vector { 3 downta 0);
&3
70
71 BEGIN
72
73
74| Name each process so you can identify it easily in the simulation
75 test my dtype:PROCESS
T8 BEGIN
TT|-- Test Sequence
78|-- Tine Zero
J 79 t reset ¢= ‘0 4
@‘SEI’W selected object(s) 1o target source browser (Click and hold for a menu of other options) 0 objects selected

Figure 6: Source Code Debugger opened with the
TEST MY DETYPE COUNT BEHAVE:TEST architecture selected.

There are a number of fields and items that need to be identified.

1. Code Execution point, identified by the blue line
This shows at what point the execution of the code was stopped. When using
break on change and other features this indicates which “break” was activated.

2. Current Scope field
This can be used to select at where in the design hierarchy the user wishes the
source browser to move to:
For example for the current example the selections are:
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| =] Source Browser 2 - SimVision [.../my_dtype_

File Edit ¥iew Select Format Simulation Windows
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‘Eleime.ﬁ.j =|330,000,000j|rs =l Imv[ . %;“ Search Times: | value « |—j

D-Emees e &5 330,000,000,000 + 0
S test_my_diype_shift_register_instancel] j = Units
X ® €3 All Available Data
8 simulator:
E N

45| -- comg "
) I ¥ test_clock_process

47 |-- be d & test_my_dtype
. B test_my_diype_shift_register_instance1
archite 2 counter

+
z

EZlsignal internal data : std loglc_wector ( 4 downto U);
EE| hegin
58—

E9]-- oenerate statements are outside combinational or orocess structures

Figure 7: Scope cyclic field on Source Browser

TFrEEEEE 2 f=

Allowing you to traverse the design hierarchy with ease.
In the example above I am viewing the source code for instance
test my dtype_ shift register instancel.

4.2. Setting a Break point

There are a number of break operations that can be used with this tool.
These are:

e Set Breakpoint on Time

Set Breakpoint on Signal

Set Breakpoint on Condition
Set Breakpoint on Line

Set Breakpoint on Process

Set Breakpoint on Subprogram.

We will consider the following breakpoint functions
e Set Breakpoint on Line
e Set Breakpoint on Process
e Set Breakpoint on Condition

4.21. Set Breakpoint on line or instance

Select a valid line from the numbered list on the LHS of the display, valid
lines are highlighted in bold. Use the right mouse button to bring up the
context sensitive menu and select the break on line option.

The menu will toggle to let you set or delete a breakpoint.
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architecture behaviorall of my_dtype_count_behave is

internal data

£2 |signal std_logic_vector { 3 downto 0);

4
55| begin
56

counter : process ( in system clocl
varisble int count - natural range 16 downta 0;
tsia0to 15
begin
sing_edge (in system clock) then
n systen resst ='1' then
Break at Line
Break at Line in Instance if int count = 15 then
TRy =10
elae
int count := int count + 1;
end if;

ocut_systen dataout <= std_logic_vector (to_unsigned(int count,out syatem dataout’length));

81 end if

82 end process;

2;1 end behawiorall ;

86 |-- i d:d ot use 3 combinational for out_system data out s it was assigned in the resst process
87]-- 1 ave stripped bo t and used a intermediate signal

j B Units: IWDRKUBMV_DTYPE_COLINT_BEHAVE BEHAVIORALT

Q
|

Contextsensitive Menu
Displayed with right mouse
button

=

|
1 object selected [

File Edit View Select Fomat Simulafion Windows

Help

| & = #

R BT

an Timea =[ =[330,000,000 ~([fs ~| ,m-[ @2{“ Sl T

'-e3 II:” TED o [ .[aan,uuu,uuu,uums <0

@v

'j}_}v scope |§ tast_my_dtype_shin_register_instance1

74l

| = units IWORKUE MY_DTY¥PE_COUNT_BEHAYE:BEHAVIORALT

-- complicated version using a gensrats statemsnt
overkill of this structure
be careful with this onel

risble int count : natural range 15 downto 0;
2]

63 val
64 |-- 4 hits is 0 to 1!

82 end process;

83
84| end behaviorall ;
85

87|-- 3 could have stripped both out and us|

=d = intermediste signal

48 |-~
49
| o0 |architecture behavierall of my dtype_count hehave is
51
52 |signal internal data : std_logic_vector { 3 downto D
53
54
55| hegin
6
generate are outside combinational or process structures
counter : process { in system clock)

65 begin
66
@67 if rising_edge(in system clock) then
68 if in system reset ='L' then
69 out system dataout <= { others=>'0');
70 Int comnt := 0;
71 else
72 if int count = 15 then
73 Int count := 0;
7d else
75 int count := int count + 1;
6 end if;
it
78 out system dataout <= std_logic_vector (to_unsigned(int count,out systen dataout'length));
79 |-~ Note use of ‘length to avoid me having o set length
60 end if;
81 end if;

86|~ 3 dadnot use 3 cobinstionsl for oot eyotan dstaeut 33 At yas Ssigned I the reset process ||

®f

1 ohject selected

Figure 9: Red Circle indicates set breakpoint
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45 |- complicated version using a generate statement
46 |-~ overkill of this strusturs
47|-- be careful vith this onel
48 |-~

architecture behaviorall of my_dtype_count_hehave is
1

52 |signal internal data : std_logic_vecter { 3 dewnto 0);
3

5
54
55| begin
| 56
57
58—
| 59|-- generate are outside combinational or process structures
60|~
61
62 connter : process { in system clock)
63 warishle int count : nakural range 15 downto 0
E4[-- 4 bits is 0 to 15
65 begin
66
®| ing_edge (in systen clock) then
1 if in systen reset ='1' then
] out system dataout <= ( others=»>'0');
© Delete Break int count = 0;
| —_— else
! Disable Break if int count = 15 then
—_— int count := 0;
d else
Gt i int count := int count + 1;
' Break at Line in Instance end if;
7% out system dataout <= std_logic_vector (to_unsigned(int count,out system dataout’length)};
79|-- Mote use of 'length to avoid e Raving fo set length
80 end if;
81 end i
a2 end process;
83
&l end behaviorall ;
86|-- i did not use a combinational for out_system_data_out as it was assigned in the reset process |
87]-- i could have stripped both out and used a inbernediate signal

1 ohject selected

Figlire 10: Rerhoving a breakpoint

4.2.2. Simulating with a breakpoint set

When we run the simulation. In this case by setting a run time

window the simulation will run until this line is executed at which point the

simulation will halt. The console window will display the location, run time,
file and line number at which it has halted.
The Source browser will move so the active break point is visible and an
arrow will indicate which break point caused execution to halt.

Source Browser 2 - SImVIsion [.../my_dtype_count_behave.vhd]

Eile  Edit View Select Format Simulation Windows

in the console

J?@ ’ﬂ[ “Q' Emdm@=
| Fyfrmea =] -[o =l ﬂ;m'[ 45 »“ Search Tine

DB 1«3 EIR I IR

i)~ scope: [ test my_dtype_snin register_instanceT caunter | & units: [WORKLIE.MY_DTYPE_COUNT_BEHAVE SEHAYIORALT

X
A
|
E] 25| comsilizstod Temsfon Ty @ GEemks ke
46 |-- overkill of this structure
E] 47| be carsful with this one!
48| --
oiRe
50|architscture hbehaviorall of my_dtype_count behave is
51
E] 53 |signal internal data : std_logic_vestor ( 3 downto 0);
5
] |
55| begin
56
57
-
53| generste are outside combinationsl or process structures
€|
&1
62 comter : process ( in systen clock)
& varisble int count : natural range 15 dowato 0;
64| 4 bits iz 0 &2 IS
& begin
6
P 67 if rising sdge(in system clock) then
68 iF in systen cesst -'1' then
1 out systen datsout <= { others=>'0°);
70 int oot i= 0
71 else
72 if int count - 15 then
73 int count := 0;:
7 s
75 int count := int count + 1;
76 endifs
77
7 out systen datsout <= std_logic_vestor{to_unsigned(int count,out systen datacut'length));
79|-- Note use of 'length to avoid me hawing o set length
& end if;
81 end if;

A

[®

0 objects selected

Figure 11: Source Browser Stopped at break point

Neil Cole University of Bolton 16/12/2010



Console - SimVision

File Edit View Simulation Windows Help

J?“@,,I £ 8 y“TeASeamh,ﬁn Y

AL

Figure 12: Console Halted by breakp‘oint

4.2.3. Debugging operations

The majority of these operations are available in the Design and the Waveform
Browser. However the source code browser allow us to track execution
through the impact on the code execution.

We have the usual range of options to single step and control the execution of
the code available from the menu.

4.2.3.1.Step and run Options

There are three main step options:

e The first steps a single execution sequence.

e The second will step a single exection sequence forward but will not
step into any subroutines. It maintains focus in the selected VHDL
architecture.

e The third will step into any subroutines encountered and will not retain
focus in the selected VHDL architecture.

There are also a number of run options
e The first will run until the next breakpoint, or end of simulation time
period is encountered.
e The second will pause a running simulation.
e The last one will reset the simulation back to time 0.

They can be identified by the icons. As usual each of these has a
corresponding menu option and can be found on all the tools.

Notice in figure 13 that the execution point, indicated by the yellow arrow is
not at the breakpoint!
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Figure 12A: Annotated Run and Step Icons

The example in figure 13 has been stepped from the breakpoing. Notice that
the execution point, indicated by the yellow arrow is not at the breakpoint!

Source Browser 2 - SimVision [../my_dtype count_benave vhd] [
Ele Edit Yiew Select Formal Simulation Windows Help
= ol - . s N B
| & = 0= & raBErEUEE
‘nz TimeA =] =[1000 | ,m{ - ‘ Search Times =) Q%
‘“'ﬂlﬂ” L 5 [ Q[anun,nnn,unu,nnm +1
| S Units: [WORKLIB.MY_DTVPE_COUNT_BEHAVE BEHAVIORALT i
o
S0 |architecture behaviorall of wy_dtype_count behave
51
52 al data : std_logic_v 3 downto 0):
5
54
55| begin
5
51
58--
50| generate statements are outside combinational or prosess structurss
60 |--
61
o 62 comter : process ( in systen clock)
63 variabls int count : natural range 15 downto 0
64 (- 4 bits 18 0 to 15
65
66
@ &7 if rising_edge(in systen clock) then
68 iF in cysten ceset ='1' then
69 out systen dataout <= ( others=>'0');
70 int count = 0
71 elss
72 if int count = 15 then
73 int count := 0;
74 else
75 int count := int count + 1;
5 end if;
il
8 out_spsten dataout <= std_Logic_vecter (to_unsigned(int count,out systen datsout'length));
79 (-~ Note wse of 'length to avoid me Baving Eo set length
80 end if;
81 £
82
83
81
85
85 conbinational for out_system_data_out as it was assigned in the resst process
87 ripped both out and wsed a internediate signal
® 0 objects selected

Figure 13: Breakpoint and Step Operation

424, Create force / Release Force

The Create force option allows us to drive a node to a fixed value and to hold
it at this until we “release”. We can drive a node to a 0/1/X or Z. The normal
procedure is to select the node in the Releasing a node allows the normal drive

for that node to resume.
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We can do this, as we can in the design and waveform browser by selecting
the relevant signal and invoking the menu command to either create or release
a force.

e Select Signal

e Create/Release Force

Hint:

Remember that the same signal can present at different levels in the hierarchy.
So if the signal is passed down the hierarchy only the level you created the
force at and below will see the changed value!

"-ﬂ Source Browser 2
File Edit Wiew Select Format Simglat\onl Windows
s . Rur Fz [
|# & =i
‘ [ Timea =] =[1000 [us  systemeresces debug lue
EN EN Ex B
Jﬂ'm[ﬂ” @}ﬁl»(}ﬂ)l |
- &5 Scope: | @ test_my_ Step F5
QU [T rrTTrEse R AR Mext F6 X
b Next in Scope F7
43 Return Shift+Fa
e Ad
45 |- complicated version o “O¥ance i
46 |-- owerkill of this sto
47| —- he careful with this Rpecotto Start
48 | oo EEhEEEEEE bR AR AL
49 Save Checkpoint...
o) |arehatesture Behaviera peginom checkpoint..
52 |signal internal data : Reinvoke Simulator.
53
=1 Terminate & Disconnect
gss e Terminate & Post-Process...
57
58| - #+##++ssssxsssssss+s ot Braakpolnt o
E0|-- generate statements : o es:
B0 | == Fetssrssrsrrrerrsesss DEPOSt Malue -
6l
or| b2 counker proce
63 warishle int oo Cooe FIORE.
64| -- 4 bits is 0 ta 15 Create Force
256 Peoid Create Driver.
@ gg if risl Create Command 4lias
69 Create Dehug Variahle... otl
70
;é Show -
73 int count o= 0;
74 else
75 int count := int o
TE end if;
77
78 out system dataout <= std_]
79 |-- Note use of 'length to awvoid me having to set length
g0 end if;
a1 end if;
a2 end process;
a3
84 end behaviorall ;
a5
86 |—- 1 did not use a combinational for out system data ont a

Figure 14: Simulation Debug operations

We have a large number of options at this point in addition to the usual
Hint:
Double clicking on a line number will set/disable a breakpoint

4.3. Finding and highlighting the current

execution point

If you select the yellow arrow on the icons Top middle in figure 16, then this will
indicate the current execution point for the VHDL code. The source code browser will
scroll to show the current execution point at the base of the browser.
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5. Making use of the schematic trace tool

Again one of those tools most useful on larger designs but which it would be
good to have a basic understanding off.

Quite often of the most use when working on code where you are unfamiliar
with as the structure will not then be known to you in great detail. For
example when integrating modules into an existing design infrastructure.

It will automatically build a hierarchical schematic of the VHDL you are
working. In particular it allows you to trace the path of signals across levels in
the same way you would on a normal schematic. It can be used to make clear
the overall structure and interconnectivity of a VHDL design.

5.1. How to use it:

Select a single or instance and invoke the schematic browser using either the
menu of the icon. It has an icon in the same set at the design browser, which
looks

You can move up and down the hierarchy

Trace logic that is driven by a node

Trace logic that is driving a node,

Trace signals up or down the design hierarchy.
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l;igure 15: Schematic Tracer : Showing traced signal and large scale selection
frame
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Notice that the display includes the instances, the signals between them and
the names, and widths, of the ports between them. This allows you to get a
visual feel for the overall structure of the design.

6. Experimentation and using the tools.

Experiment with these options on an existing design. Even when not required
an understanding of the functions will be useful. Many of these facilities are
standard techniques used in programming and HDL. You may not know the
exact command but you should not that the facility will exist so you can try
and determine how to use on the tool you are using i.e. modelsim. I would
suggest you make notes. As usual if you find something you consider needs
covering let me know. Try and find out what the other icons do and if they
would be useful!
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