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Tutorial

SYNOPSys

This simple tutorial teaches you how to instrument and debug a small HDL
design. The design is a simple 4-bit counter with a clock and reset. The

counter design used with the tutorial is written in VHDL.

Note: This tutorial simulates hardware debug data by applying
randomly generated data to all instrumented nodes. This data
does not reflect the actual operation of the design and only serves

to show the format of the debug data.

This tutorial introduces the reader to basic Identify operations. The tutorial
includes the following major topics which are intended to be performed in the
order listed below.

Instrumenting Your Design, on page 7
Setting up the IICE, on page 10

Writing the Instrumented Design, on page 14
Debugging Your Design, on page 15
Selecting the Cable Type, on page 16
Triggering on a Breakpoint, on page 17
Triggering on a Watchpoint, on page 19
Using the Complex Counter, on page 21

Generating Waveforms, on page 22

Identify Microsemi Edition Quick Tutorial
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Design Schematic

The following figure shows the simple state machine configured as a 4-bit
counter. The state diagram is shown to the left of the schematic.

statermnachine
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current_state[14:

wal[3:0]

Schematic
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Design Description

The tutorial design is implemented in VHDL as a single entity with two
processes. The first process implements a state machine; the second process
computes the output values based on the current state.

© 2015 Synopsys, Inc. Identify Microsemi Edition Quick Tutorial
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Instrumenting Your Design

You use the Identify instrumentor to select both breakpoints and
watchpoints and to set the sampling and triggering modes. The
Identify instrumentor is launched from the Synplify Pro synthesis tool
and is run prior to synthesis.

The HDL design and project files for this tutorial are included in “counter”
subdirectory under the share/demo_design directory in the Identify software
installation. Before you begin the tutorial, copy the “counter” subdirectory to
a local directory and make sure that you have read and write permission for
the directory and files.

Note: While performing the tutorial, the active project (prj) file will be

updated; copying the files to a local directory preserves the orig-
inal files installed in the share directory.

To begin the instrumentation:

1.

2.

Start the Synplify Pro synthesis tool.

In the project view, click the Open Project button to display the Open
Project dialog box and click the Existing Project button.

. Navigate to the location where you copied the counter_vhdl subdirectory.

This subdirectory includes an HDL design file (counter.vhd) and a
Microsemi-specific project file (counter_vhdl.prj).

Select (open) the Microsemi-specific project file.

. Select File->Save As from the menu and rename the selected project file to

tutorial.prj.

Note: The remainder of this document uses the term tutorial to refer-
ence the VHDL project.

Identify Microsemi Edition Quick Tutorial © 2015 Synopsys, Inc.
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6. Right click on the Identify implementation and select Launch Identify
Instrumentor from the popup menu.

B fded
eRun |.;ja/du::p.'Jify Pro®

Project Files [ Design Hierarchy ] Project Status Imple
|Microserr|i IGLOO+ ; AGLPO3OVZ : C5201 : Std

=& [tutorial] - C:\designs\counter 1209mut

| B Open Project...

,!: Close Project

|@ Add File... | [ verilog Project Name
: G- rev_1
|% Chaeles | # rev 1 identifi 1
Implementation Options. ..
|§3 Add Implementation. .. | P 2
Change Implementation Mame... ne
|{* Implementation Options. .. | Hierarchical Project Options. .. atabase
|“ Add P&R Implementation | Add Subproject Implementations r
port
|_$~ View Log | 5 ompile
Copy Implementation...
—Frequency (MHz): ) ot
- = Remove Implementation... DEL Input
L _.1 '™ Auto Const. ) .
Mew Identify Implementation. .. poort
Continue On Error O # Launch Identify Instrumentar %
port
FSM Compiler # Launch Identify Debugger t—
imize
FSM Explarer ] pEDn

7. If prompted to create a new Identify implementation, click OK.

Current implementation is not an Identify implementation

Would you like to create a new Identify implementation?

AN

8. If prompted, enter the location of the Identify installation in the Configure
Identify Launch dialog box, click the Locate Identify Installation radio button,
and click OK to launch the Identify instrumentor.

© 2015 Synopsys, Inc. Identify Microsemi Edition Quick Tutorial
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» Configure Identify Launcl X

Locate Identify Installation:

| C:\tools\Identify_me_1201409M1

Identify License Option

Use current synthesis license

® Use separate Identify license

9. If prompted for a license, select a license from the list of available
licenses displayed and click Select.

7é Select available license or

! Tao continue, please select a license type for use in the cunent session. l
Mote: Server name nat used in preferred license selection
License Type Features Server Avail Total
£ identinstrumentor fpga 1708@sbggas 12 12 -
& identinstrumentor fpga 1708@skbggas 1000 1000

-
A »

&  Indicates the current license preference

I Save as default license type

Select | Exit | Refresh |

The figure below shows the initial Identify instrumentor window as launched
from the Synplify Pro synthesis tool. The window shows the design hierarchy
on the left and the HDL file content with all the potential instrumentation
marked and available for selection on the right.

Identify Microsemi Edition Quick Tutorial © 2015 Synopsys, Inc.
March 2015 9



Tutorial

File Edit Actions Options Help

B @ R

EHg ROOT [counter_self]ﬂ
. itl

y 1o |l

25 entity counter self is

W ko ka ko ha
(=TT ] 1

[

[

=
port { -
ddval : out unsigned (| 3 downto 0 );
ddclr : in std_logic:
ddclk : in std_logic
)i

1 end counter self;

Setting up the IICE

Click on the Edit [ICE settings icon on the toolbar to bring up the IICE
Sampler tab shown in the following figure. The IICE Sampler tab defines
the sample depth, sampling modes, and the sample clock.

IICE Sampler |

Curent ICE: [IICE

j IICE type: |regulal

—lICE Sampler
Butfer type:
Sample depth:

[ Allow qualified sampling

[ &llow always-armed triggering

[ &llow data compression

I internal_memary

[ [4]

— Sample Clock
Sample clock: | el
Clock edge: & Positive  Negative

© 2015 Synopsys, Inc.
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On the lICE Sampler tab:
1. Leave Buffer type set to internal_memory
Select 128 for the sample buffer depth.
Leave the Allow qualified sampling check box unchecked.
Leave the Allow always-armed sampling check box unchecked.

Leave the Allow data compression check box unchecked.

S T o

Enter /clk for the sample clock and select positive polarity for the clock
edge.

7. After you have set and/or verified the above |ICE Sampler tab settings,
click the IICE Controller tab.

The IICE Controller tab selects the type of triggering.

IICE Cantraller

Current [ICE:  |IICE j IICE typpe:  |regular
IICE Cantraller
" Simple triggering

+ Complex counter triggering

Wwidth: 116 2
" State Machine triggering
Triqqer states: | 4 j‘
Trigger conditions: | 4 ﬁ
Courter width: | 16 j‘
IICE Optiohs
Import esternal trigger gignals: |D j

I~ Export IICE trigger signal

™ Allow cross-tiggering in ICE

On the IICE Controller tab:

1. Make sure that the Complex counter triggering radio button is selected and
that the Width is set to 16.

Identify Microsemi Edition Quick Tutorial © 2015 Synopsys, Inc.
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2. Leave the Import external trigger signals set to O.

3. Leave the Export lICE trigger signal check box unchecked; the Allow
cross-triggering in lICE check box cannot be selected until a second IICE
unit is created.

4. Click the OK button at the bottom of the dialog box.

Selecting the Instrumentation

After setting up the IICE, the HDL code for the tutorial design is displayed in
the Identify instrumentor window as shown in the following figure. Use the
hierarchy browser on the left to navigate through your design. Clicking on a
hierarchical node displays the corresponding section of the source code.

II o ROOT [cnunteJ - . :
‘ rtI 25 entity counter self is

26 port
2 &ogwval : out unsigned { 3 downto 0 );
28 goclr : in std logic:

23 cik : in =td logic

31 end counter self;

© 2015 Synopsys, Inc. Identify Microsemi Edition Quick Tutorial
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Selecting Watch Points

In the source code display, scroll down and select the signal

current_state on line 52 for instrumentation by clicking on the

watch-point (glasses) icon displayed next to its name. When you click

on the icon (or on the signal name), a popup menu is displayed as
shown in the following figure to allow you to select how the watch-point
signal is to be instrumented.

52 signal docurrent state: state;
Sample and trigger

53 begin
Sample only

Trigger anly
== proce=s (Bclk, | » Notinstrumented
56 begin

Add ik group .
57 if dgclr = 'Ue—umen

58 dcurrent_state <= s_RESET;

59 elsif G—)ﬂ'event and G—)ﬂ = '1l' then

60 case ggcurrent state is

l 6l when s_RESET => focurrent state <= s_CNE:

¥] 62 when s_ONE =»> dfcurrent_state <= s_TWO;

63 when s_TWO =» difcurrent_state <= s_THREE;

Select Sample and trigger for the current_state signal. The icons preceding each
occurrence of the signal in the HDL code will be green and an accumulation
of the total number of bits for each instrumentation type will be displayed in
the console window.

Note that when you select an instrumentation type, the icon changes color
according to the following table.

Icon Color Watch-Point Selection
Green Sample and trigger
Blue Sample only
Pink Trigger only

Clear (unfilled) Not instrumented

Identify Microsemi Edition Quick Tutorial © 2015 Synopsys, Inc.
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Selecting Breakpoints

The circular icons to the left of the line numbers beginning on line 61

&# select the corresponding breakpoint for instrumentation. When
selected, the color of the icon changes to green. Click on the icons on
lines 63, 65, and 67 to select their corresponding breakpoints.

process ((Pclk, #yclr)
begin

57 if dgclr =

n
o

'0' then

ddcurrent_state <= s_RESET:

elsif ()g;g'event and ()g;g =

case fgcurrent state is

'1' then

l 6l when s_RESET => focurrent state <= s_CNE:
l 62 when s_ONE => focurrent state <= s_TWC:
-} ] when s_TWO => focurrent state <= s_THREE:
o 64 when = THREE => focurrent state <= s_FOUR:
-} 65 when s_FOUR => focurrent state <= s_FIVE:
l 1] when s_FIVE => focurrent state <= s_SIX:
-} 67 when s_S5SIX => focurrent state <= s_SEVEN:

Writing the Instrumented Design
To write the instrumented design, select File->Save project instrumentation
ﬁ from the menu or click on the Save project’s activated instrumentation icon
on the toolbar. Saving the project automatically adds a set of files to
the Identify implementation directory which are then used by the
synthesis tool to incorporate the instrumented logic into the design.

At this point, you would:

* synthesize the design in the Synplify Pro synthesis tool to generate the
output netlist

¢ place and route the synthesized output netlist in the Libero place and
route tool

e program the resultant bit file into the FPGA

¢ cable the board containing the programmed FPGA to your host for
analysis by the Identify debugger

Identify Microsemi Edition Quick Tutorial
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Debugging Your Design

Debugging your design is done from the Identify debugger. To launch the

debugger from the Synplify Pro synthesis tool:

1. Open the tutorial project in the synthesis tool and highlight the Identify

implementation in the Project view.

2. With the right mouse button, select Launch Identify Debugger from the
popup menu or click the Launch Identify Debugger icon in the top menu

bar.

If you are prompted for a license, select the appropriate license from the list of

available licenses displayed.

Note: To avoid being prompted for a license each time you start the
Identify debugger, check the Save as default license type box before

selecting your license.

The Identify debugger opens your project in the instrumentation window with
the hierarchy browser displayed on the left and the HDL source code
displayed on the right as shown in the following figure. Note that the only
instrumentation visible in the source code display are the breakpoints and
watchpoints that you selected during the instrumentation phase with the

Identify instrumentor.

f‘H?uDT [c:ounter_J 5 process (Gcl]-c, clr)

begin

n
o

57 if ¢lr = '0' then

58 édcurrent state <= s_RESET:

60 case dfcurrent state is

61 when s RESET =» ddcurrent
62 when s _CONE =» ddcurrent
9 63 when = _TWO =» ddcurrent
64 when = THREE =» ddcurrent
9 65 when s_FOUR =» ddcurrent
66 when s_FIVE =» ddcurrent
9 67 when s_S5IX =» ddcurrent

Identify Microsemi Edition Quick Tutorial
March 2015

59 elsif Gcl]-c'event. and Gcl]-c = '1' then

state
state
state
state
state
state

state

<= 5_ONE;
<= =5_TWO;
<= 3_THREE:
<= 3_FOUR;
<= 3 _FIVE;
<= s5_5TX;
<= 3_SEVEN:

© 2015 Synopsys, Inc.
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Selecting the Cable Type
To run the tutorial, select the “demo” cable type by:

1. Clicking on the “tutorial” tab at the lower left corner of the window to
display the project window.

_| 72
- 73
< | » <
& tutarial LPAIICE 1\
\ tutorial tab IICE tab

© 2015 Synopsys, Inc. Identify Microsemi Edition Quick Tutorial
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2. Selecting demo from the Cable type drop-down menu.

Communication settings

Cable type: | demo

ricrozemi_Builtind TAG
Fart zetldemo

Catapult_EJ1

Lnnrbz

Comm c

Inztrumentation settings

Drevice family: SmartFusion

If a demo selection is not available, enter the following Tcl command at

the console window prompt:

com cabletype demo

3. Clicking on the IICE tab at the lower left corner of the window to
redisplay the instrumentation window.

Triggering on a Breakpoint

In the source code display, use the scroll bar to scroll down until the first
breakpoint on line 63 is visible on the left side of the source code and then
click on the breakpoint to activate it.

if clr = '0' then

59 el=if Gcl]-:'event

when = RESET
when 3 ONE

o when = TWO
64 when = THREE
o 65 when =s_FOUR

58 ddcurrent state

<= = _RESET:

and (Jeclk =

case g@Current state is

=>» dgcurrent
=>» dgcurrent
=>» dgcurrent
=>» dgcurrent

=>» dgcurrent

'1' then

State

State

State

State

State

<= = _ONE;
<= =z _TWO;
<= = _THREE;
<= =_FOUR;
<= s _FIVE;

Identify Microsemi Edition Quick Tutorial
March 2015
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Notice that the breakpoint icon changes from green to red indicating that the
breakpoint is active. The breakpoint at line 63 triggers on the positive edge of
the sample clock when the current_state signal has the value s_TWO.

Now that you have an active trigger condition, arm the IICE trigger
ﬂ circuits on the FPGA device by clicking the Run icon in the menu bar.

Clicking on the Run icon downloads the trigger information to the
IICE. When the trigger occurs, the sampled data is transferred back to the
debugger. The small arrow to the left of the breakpoint icon indicates which
breakpoint triggered (identifying which breakpoint triggered is important
when multiple breakpoints are active).

process t@cl]-:, clr)

o

begin

57 if clr = '0' then

58 ddcurrent stateS_thirteen .= s_RESET:
59 elsif ()g;g'event and ()g;g = '1l' then

60 case é¥current stateS_thirteen ;-

61 when s_RESET => d¥current states_thirteen .= s _ONE:

62 when = ONE =» ddcurrent stateS TRirteen (= s TWHO;
+ @ 6 when s_TWO => d¥current states_thirteen .= s_THREE:
64 when = THREE =» ddcurrent stateS TRIrteen (= s FOUR;

@ 65 when s_FOUR => d¥current states_thirteen .= s _FIVE:

The Cycle display in the middle of the menu bar shows the value zero where
the trigger occurred. By clicking on the up-down arrows on the right, you can
increase or decrease the cycle count to show values immediately before or
after the trigger point.

3 Identify Debugger - [C:/designs/Counter_Actel/counter_vk

File Edit Debug Options Window Help

S %4 E{»ﬂ%\
/4

Early Middle Late Cycle

© 2015 Synopsys, Inc. Identify Microsemi Edition Quick Tutorial
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You can change where the trigger point is in the buffer by selecting one of the
Early, Middle, or Late icons to the left of the cycle counter and again clicking the
Run icon. The trigger location changes the next time the IICE triggers.

Triggering on a Watchpoint

You can also trigger on a watchpoint that is specified on any sampled signal.
The Watchpoint Setup dialog box accepts any legal VHDL (or Verilog) expression
that evaluates to a constant.

To set a simple watchpoint:
1. Click on the current_state signal
2. Select Set trigger expressions from the popup menu

3. In the first (left) field, enter s THREE and click OK

Setup the first walue only to watch a valug in a patters tree on signal
"current_state' or both values to watch a trangition from the first to the second in
a pattern tree:

Language: |vhdl j

First walue Second value [optional]
= THREE

Click the Run icon. When signal current_state reaches the value s_THREE,
% | the IICE triggers.

Note: Because randomly generated data is applied, the trigger watch-
point (s_THREE) may not reach its intended value. Click the adja-
cent STOP icon if triggering does not occur within a few seconds.

Identify Microsemi Edition Quick Tutorial © 2015 Synopsys, Inc.
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Using the Cycle data display controller, you can now browse back and forth
through the debugger data buffer to view the design activity.

/— Cycle data display controller

Emh:FE_g]gg :*EE*BEEE{EEF

=

Walue: |1 Sample Mode: | nomal *| | Crogz tigger mode: | dizabled - @
55 p:ncesst()gig, clr)
56 begin
57 if clr = '0' then
58 #ecurrent scateS_Tifteen .= s_RESET:
59 elsif ()g;g'event and ()g;g = '1l' then
&0 case #dcurrent states_fifteen jg
61 when s _RESET => é¥current states_Tifteen .= s_ONE:
62 when = ONE =» decurrent stated fifteen .= sz TWO;
] 63 when s_TWO => é¥current states_Tifteen .= s_THREE:
64 when = THREE =» éecurrent stateS fifteen .= sz FOUR;
@ 65 when =_FOUR => é¥current states_Tifteen .= s_FIVE:

© 2015 Synopsys, Inc.
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Using the Complex Counter

The default settings for the complex counter mode (events with a value of 1)
effectively disable the counter. To use the complex counter to wait for a
breakpoint and/or watchpoint trigger event and then to count a specified
number of cycles before triggering the sample buffer:

1. Set the counter mode to cycles and the counter value to a value greater
than 1 (note that you must have previously enabled Complex counter
triggering on the IICE Controller tab in the Identify instrumentor).

2. Change the watchpoint of signal current_state to s_TWO.
3. Click the Run icon and wait for the data to download.

The value at time zero will be updated with the sample data after the specified
number of cycles has occurred as shown in the following figure.

Note: Because randomly generated data is applied to all instrumented
nodes, the results displayed do not reflect actual design opera-
tion.

-
) Identify Debugger - [C:/designs/Counter_Actel/counter_vhdl_actel*]

File Edit Debug Options Window Help
=W %@ HEE | B aBEEs | I
Sample Mode: | normal | | Cross trigger mode: | dizabled

-
< Complex Counter Mode: | cpcles | Value: |24 )

| Py FIDDT[counE?r_self] H . .
L& 55 proceas ieclk, clr)

. 56 begin
Complex counter settings N

5 if elr = '0' then

58 W current stateS_fifteen .= s_RESET;

59 elsif eﬁ'event and eﬁ = '1"' then

&0 case $Wcurrent stateS_Tifteen ;g

61 when s RESET => #Wcurrent stateS fifteen

62 when s ONE =» #¥current stateS Tifteen

@ 63 when s_TWC =»> é¥current stateS fifteen

64 when s_THREE => é¥current stateS fifteen
Identify Microsemi Edition Quick Tutorial © 2015 Synopsys, Inc.
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Generating Waveforms
o= Display the debug data by clicking the Open Waveform Display icon in the

| menu bar.

All sampled signals are included in the waveform display with two additional
signals automatically added at the top of the display. The first signal,
identify_cycle, shows the trigger location in the sample buffer. The second
signal, identify_sampleclock, shows every clock edge. The following figure shows
a typical waveform view with the identify_cycle and identify_sampleclock signals
highlighted.

Signals

C; T

identifyp_.

wh_adr o3 2T T3 20 =10

wh_adr _o[7:5] [7:5] =010

next_state[71:0] =st_

curr_state[71:0] =st_
erantl =0

© 2015 Synopsys, Inc. Identify Microsemi Edition Quick Tutorial
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