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SYNOPSYs

Predictable Success

Introduction

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. Two
versions of the counter are provided: one in VHDL and one in Verilog.

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.

Note: A more detailed tutorial, which can be used with actual hardware, is
included in the documentation set.
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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.

statemachine

g ops0]

current_state[14:

val[3:0]

Schematic

oom o o oW oo o o o oW o o o o o o om

ur2[3:0]

Design Description

The tutorial design is implemented in Verilog as a single module with two
always block statements and in VHDL as a single entity with two processes.
The first always block (Verilog) or process (VHDL) implements a state machine;
the second always block or process computes the output values based on the
current state.

Copyright © 2010 Synopsys, Inc. Identify Actel Edition Quick Tutorial
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Instrumenting Your Design

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 your Synplify Pro synthesis
tool and is run prior to synthesis.

Note: This tutorial describes running the Identify instrumentor from the
Synplify Pro tool. To run the Identify instrumentor in stand-alone
mode, see Chapter 3, Project Handling, in the user guide.

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

To begin the instrumentation:
1. Start the Synplify Pro tool.

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

3. Navigate to the tutorial directory where the Identify software is installed.
This directory includes the HDL design files and two Actel-specific
project files for Verilog and VHDL implementations.

4. Select (open) the appropriate project file.

Identify Actel Edition Quick Tutorial Copyright © 2010 Synopsys, Inc.
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Instrumenting Your Design

5. Right click on the Identify implementation and select Launch Identify
Instrumentor from the popup menu.

i C:fldent_tutorial/counter_verilog, act

2Run

Synplify © Pro

‘ Ready

| }} Open Project...

T Close Project

[rev_1_identify_1 - Actel SO0K : ASOOKOSO
B '] [counter_werilog_ackel] - C:hIdent_tutorialioo
G- Yerilag
rev_1

#Erev 1_identify_1

||} add File. ..

|l% Change File. ..

|i¥ Add Implementation. .

|{$ Implementation Options, .,

2
&

Implementation Options...
Change Implementation Mame. ..
Shaow Compile Paints. .

Hew Design Plan

Copy Implementation. .
Remaove Implementation. ..
MHew ldentify Implementation
Launch Identify Ingtrumentor %

Launch Identify Diebugger
BTL Wiew

DEL

6. 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.

Configure Identify Launch

Select Standard Identify or Identify Pro

® Identify (Standard)
) Identify Pro

Locate Identify

)} Use Current Identify Installation

2l

[

® Locate Identify Installation {identify_instrumentor)

[

Identify License Option

® Use current synthesis license

' Use separate Identify license

Copyright © 2010 Synopsys, Inc.
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Instrumenting Your Design

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

Select available license or Exit x|

To continue, please selecta license type for use inthe current session.

&

MNote: Server name notused in preferred license selection

License Type Features Server Avai
& identinstrumentor fpga 1708@nsparky 1ia
& identinstrumentor fpga 1708@nsparky 21
& identinstrumentor cert fpga,co=certify 1708@nsparky 7!
& identinstrumentor cert fpga,co=certify 1708@nsparky 21
& identinstrumentor pr fpga,co=synplifypremier 1708@nsparky 21
& identinstrumentor prdp fpga, co=synplifypremierdp 1708@nsparky 21
& identproinstrumentor fpga 1708@nsparky 1!
& identproinstrumentor fpga 1708@nsparky 21
& identinstrumentor altera altera 1708@nsparky
& identinstrumentor xilinx xilinx 1708@nsparky

Al

& Indicates the current license preference

I~ Sewe as defaultlicense type

Select | Exit |

Refresh |

The following figure shows the initial Identify instrumentor window as
launched from the Synplify Pro tool on the Verilog version of the tutorial. 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.

ol
File Edit Actions Options Window Help
& s REEZE @ e
’ ROOT [counter_sell) - 25 module [Jdcounter_self ($gclr. doval. ddclk): ;I
‘ alwayz_55
& always 54 26
27 [3:0] wal:
28 clk;
29 clr; J
30
31 [3:0] wal:
3z [3:0] &gcurrent state:
33
34 [3:0]
35 = RESET =0,
36 =_OHE = 1.
37 = TWO = 2.
38 = THREE = 3.
= 39 s FOUR =4, =
4] Il | K | »I_I
@ counter_wverlog_actel g:E”CE I
INF(O: Loading instrumentation 'rev_1_identify_1' ;I
CrdeszignssDesignss identifw-e201009%rev 1 identifw 13 LI
counter_self v
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Instrumenting Your Design

Setting up the lICE

Click on the Edit IICE 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.

ICE Sampler |

Current ICE: | IICE =

—ICE Sampler
Buffer type: Ibehaviural j
Sample depth: I‘IEB ;‘

™ Allow qualified sampling

[ Allow always-armed triggering

— sample Clock
Sample clock: I,"C:Ik
Clock edge: ' Positve © MNegative

1. Leave Buffer type set to behavioral (only supported type)
Select 128 for the sample buffer depth.
Leave the Allow qualified sampling check box unchecked

Leave the Allow always-armed sampling check box unchecked

a kK w0 N

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

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

Copyright © 2010 Synopsys, Inc. Identify Actel Edition Quick Tutorial
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Instrumenting Your Design

The IICE Controller tab selects the type of triggering.

=
e 3
5
4
3
i 3
5
e d
3

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.

2. Leave the Import external trigger signals value at O.

3. Leave the Export lICE trigger signal and Allow cross-triggering in IICE check
boxes unchecked.

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

Identify Actel Edition Quick Tutorial Copyright © 2010 Synopsys, Inc.
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Instrumenting Your Design

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 source code.

Identify Instrumentor - [C:/Designs5_identify/counter verilog actel]
File Edit Actions Options Window Help

A T e —F Y

:,‘Rglggy(scioéigtepselﬁ | 25 module counter_self (¢dclr, doval, doclk): ;I
& always 54 26
27 [3:0] wal:
24 clk;
29 clr: J
30
31 [3:0] wal:
3z [3:0] dJourrent state;
33
34 [3:0]
35 s_RESET =0,
36 s_ONE -1,
37 s_TWO = 2.
I a8 s_THEEE = 3.
v 39 s_FOUR =4, |L|
1 [l [»
B counter_verilog_actel S:EHCE

Copyright © 2010 Synopsys, Inc.
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Instrumenting Your Design

Selecting Watch Points

In the source code display, scroll down and select the signal
d;j" current_state on line 32 (Verilog) or line 52 (VHDL) for instrumenta-
tion 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 dfourrent state: state:

£? begin Sample and trigger

c4 Sample only

o5 DI‘DDESS(GC_].]{, & v L::Etlgil:s[t?unrrented

13 begin

57 if #gclr = '0' then

£3 dfcurrent state <= = RESET:

E49 el=if O&'event and OD_].]( = '1l'" then

&0 case ¢fcurrent state is
v 61 when = FRESET = ffcurrent state <= = OHE:
v 62 when =_CHE = ffcurrent state <= = TWO;
o 63 when = TWO =» ffcurrent state <= = THREE:
v 64 when = THREE = ffcurrent state <= = FOUR:

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 estimate
of the hardware overhead required to instrument the signal 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 Actel Edition Quick Tutorial Copyright © 2010 Synopsys, Inc.
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Instrumenting Your Design

Selecting Breakpoints

The icons to the left of the line numbers beginning on line 61 select the corre-
sponding breakpoint for instrumentation. When selected, the color of the icon
changes to green. Click on the icons on lines 62, 68, and 69 to select their

corresponding breakpoints.

5a dgcurrent s=tate <= = RESET:

59 elsif (Qeolk'event and Pclk = '1°

&0 caze dgrcurrent state is
] 61 when = RESET = docurrent
I 62 when = ONE = docurrent
] 63 when = TWO = docurrent
] 64 when = THREE = docurrent
] 65 when = FOUR = docurrent
] 66 when = FIVE = docurrent
] 67 when = SIXE = docurrent
I 63 when = SEVEN = docurrent
I 69 when = EIGHT = docurrent
] 70 when = NINE = docurrent

then

=tate
=tate
=tate
=tate
=tate
=tate
=tate
=tate
=tate

=tate

<= = DONE:
<= = TUO;
<= =_THREE;
<= = _FOUR;
<= = _FIVE;
<= = SIX:
<= = SEVEN;
¢= = EIGHT:
<= =_NINE;
<= = TEHN:

Writing the Instrumented Design

To write the instrumented design, select File->Save project from the
menu or click on the Save and Instrument current project icon on the
toolbar. Saving the project automatically updates the subdirectory
rev_1 identify_1 subdirectory with the instrumented HDL code for
the tutorial design and adds the Identify project file counter_verilog_actel.bsp or
counter_vhdl_actel.bsp to the top-level directory where it is read by the Identify

debugger.

Copyright © 2010 Synopsys, Inc.
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Synthesizing Your Design

Synthesizing Your Design

The Identify tool set is expressly designed to work with the Synopsys Synplify
Pro synthesis tool. After instrumenting and saving your design, the instru-
mented design is synthesized in the Synplify Pro tool as described in the
FPGA Synthesis tool documentation.

Place and Route

After synthesis, run the file generated by your Synplify Pro tool through your
place and route tool. Running the file of the instrumented design through
place and route is identical to running place and route on the original design.
Refer to your place and route tool documentation for further information.

If you have selected the soft JTAG port setting, four external ports have been
added to the tutorial design. These ports are:

e identify_jtag_tdi (input serial data IN signal.)
e identify_jtag_tck (input asynchronous clock signal)
¢ identify_jtag_tms (input control signal)

e identify_jtag_tdo (output serial data OUT signal.)

You must provide proper pin locations for these ports to your place and route
tools. These pins must be connected to your JTAG cable to enable communi-
cation with the Identify debugger. Please refer to the user guide for more
information about this process.

Program the Device

Programming the target device with the bit file of the instrumented design is
identical to programming the target device with the original design’s bit file.
Please refer to your programming tool documentation for further information.

Identify Actel Edition Quick Tutorial Copyright © 2010 Synopsys, Inc.
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Debugging Your Design

Debugging Your Design

Debugging your design is done from the Identify debugger. To launch the
debugger from your Synplify Pro synthesis tool:

1. Open the project 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 window 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 instrumentations visible in the source code display are the breakpoints
and watchpoints that you selected during the instrumentation phase.

Copyright © 2010 Synopsys, Inc. Identify Actel Edition Quick Tutorial
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Debugging Your Design

[File Edt Debug Options Window Help

=Wz BHEg ] HRaE5E] e
Complex Counter MDde‘Ievents j \fﬁlue‘l] | | Sample MDde‘InDrmaI - ‘ CrDsstriggerdee‘lE’
ROOT(CDUMELSE“: 25 module counter_self (clr, val, (clk): ;I

& always_55
& always_od 26

27 [3:0] wal:

28 clk: J

29 clr:

3n

31 [3:0] wal;

32 [3:0] &dcurrent state:

33

34 [3:0]

35 s_RERZET =0,

36 = ONE = 1.

= 27 s TWO =2, -

4] | » 4| [» !_I

@cuunterﬁverilugfadel* @HCE J

INFO: c_hdl version
INFO: c_wvhdl versiaon
INFO: c_wver version
INFO: Loading instrumentation 'rev_1_identify_1' j

-

C:rDesignsS_identify-rev_1_identifv 135
counter_selfy

Selecting the Cable Type

To run the tutorial, select the “demo” cable type by:

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

_| 36 s_ONE
- 37 = TWO
< | | » 4
@ counter_wverilog_actel* NCE
IICE tab

counter_verilog_actel tab

Identify Actel Edition Quick Tutorial Copyright © 2010 Synopsys, Inc.
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Debugging Your Design

2. Selecting demo from the Cable type drop down menu.

—Communication settings

Port se

Cahble type: Idemu

_J

tlashPro
tlashProLite
tlashPro3

—Instrurnentation

Dienvice famiby:
JTAG port:

Skew Free:

proAsIcC

builtin
off

3. Clicking on the IICE tab 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 62 is visible on the left side of the source code and then
click on the breakpoint to activate it.

5o

1

67 5
@ 68 = SEVEHN:
@ 69 = EIGHT:
a =_HIHE:

gfcurrent state = = RESET; ~=
59 z2l=e begin

case (é¢ggourrent state)

60
61 = RESET:
" ] 62 = OHE:

63 = TWO:
= THREE:
= FOUR:

FIVE:

ggcurrent
ggcurrent
ggcurrent
ggcurrent
ggcurrent
ggcurrent
ggcurrent
ggcurrent
ggcurrent

ggcurrent

state
state
state
state
state
state
state
state
state

=tate

= OHE:
= TWO:;

= THREE:

= FOUR:
= FIVE:
= S5IX:

= SEVEHN:
= EIGHT:

= NIHE:
= TEH:

4'b0000 =~

Copyright © 2010 Synopsys, Inc.
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Debugging Your Design

Notice that the breakpoint icon changes from green to red indicating that the
breakpoint is active. The breakpoint at line 62 triggers on the positive edge of
the sample clock when the current_state signal has the value s_ONE.

Now that you have an active trigger condition, arm the IICE trigger
% circuits on the FPGA device by clicking the Run (Arm selected IICE(s) for
triggering) 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).

"]
@

a8
59

B0
61
B2
B3
B4
65
Bb
67
B
69

ddcurrent state4'b0110 - 5 RESET:

else begin

case (ffcurrent stated'bO0110,

= EEZET:

z_OHE :
s Two:

s_THEEE :

s FOUR:
s_FIVE:
s SIX:

s_SEVEN:
s EIGHT:

ddcurrent
dfourrent
ddcurrent
dfourrent
ddcurrent
dfourrent
ddcurrent
dfourrent

ddcurrent

stated'BO110
stated'BO110
stated'BO110
stated'BO110
stated'BO110
stated'BO110
stated'BO110
stated'BO110
stated'BO110

<% 4'hO00cC

= = ONE;
= g_TWo:;
s_THREE:
s_FOUR;
s _FIVE:
s_SIX:
s _SEVEN:
s _EIGHT:
s_WIHE;

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 before or after the trigger

point.

Identify Actel Edition Quick Tutorial

September 2010

Copyright © 2010 Synopsys, Inc.
19



Debugging Your Design

Identify Debugger - [C:/Designs/counter_self_wverilog/counte|
File Edit Debug Options  Window  Help

— A o
=% ¢ |EHEE ol E| e
Complex Counter Mnde:ﬂvents * k\r‘alue |1
Early Middle Late Cycle

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
. Select Set trigger expressions from the popup menu

2
3. In the First value field, enter s THREE (VHDL) or 4*b0011 (Verilog)
4

. Click OK
Watchpoint Setup

Setup the firstwalue only to watch a value in a pattern tree on signal "current_state"

ot both values to watch a transition from the first to the second in a pattern tree:

o001

[8]:4 Cancel

Copyright © 2010 Synopsys, Inc. Identify Actel Edition Quick Tutorial
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Debugging Your Design

Click the Run icon. When signal current_state reaches the value
% | s _THREE (VHDL) or 4*b0011 (Verilog), the IICE triggers.

Note: Because randomly generated data is applied, the trigger watchpoint
(S_THREE or 4"b0011) may not reach its intended value. Click the adja-
cent STOP icon if triggering does not occur within a few seconds.

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

[C'!DesignslI!statemachﬂtutmial*]

i@ =
_L[ Value:|1— SampIeMDde:m Crusstriggermude:lm
| 55 Fecurrent stated'bO0Ll = g RESET; -+ 4'b0000 #~
549 else hegin
&0 case (Mecurrent stated'b0011
A1 s RESET: #éwcurrent stated 'BO011 - 5 OME:;
+ @ g2 s _ONE: e current stated 'BO011 - = Two:
A3 s TWO: v current stated 'B0011 - 5 THREE:
b4 s_THREE: Péwcurrent stated 'BO011 - ¢ FOUR:
(=] = FOUR: #éwcurrent stated 'b0011l - 5 FIVE:
1) s_FIVE: Pévcurrent stated 'BO011 - ¢ o7
BT s SBIH: #éwcurrent stated 'BO011 - 5 SEVEN:
@ s s _SEVEN: Pévcurrent stated 'BO011 - o FIGHT:
Identify Actel Edition Quick Tutorial Copyright © 2010 Synopsys, Inc.
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Debugging Your Design

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 Complex Counter Mode to cycles and Value to a value greater than 1.

2. Change the watchpoint of signal current_state to s_ONE (VHDL) or
4*b0001 (Verilog).

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 have occurred as shown in the following figure.

Note: Because randomly generated data is applied to all instrumented
nodes, the results displayed will not reflect actual design operation.

Identify Debugger - [C:/Designsll/statemach1/tutorial®]

File Edit Debug Options Window Help

=W 2 ¢ |EHEEl [ B eEasE]| @ =
(Complex Counter Mode:lcycles j Yalue |4 ) | | Sample Mode:lm” Crosstnggermode:m
<"‘R§|3§§§f;§749'0 A 58 #éscurrent stated'b0001 - g RESET; /+ 4'L0000 =
& alwavs § 59  else hegin
Complex counter settings a0 case (Pecurrent stated'BO00L,
hl s_REZET: #éicyurrent stated BOOO1 - s OME;
° 62 s_ONE: Focurrent state4'b0001 = 5 Two;
R3 S_TWO: Féecurrent stated BOOO1 - =_THREE:
b4 =_THREE: P current stated OO0 - =_FOUR:
b5 s_FOUR: oy rrent stated 0001 - 5 FIVE;
13 s_FIVE: P$éscyrrent stated ' BO001 - 5 27
BT s_BIX: P$écyrrent stated BOO01 - 5 SEVEN;
] ba s_SEVEN: Pédcurrent stated BOOOL - s_EIGHT:
Copyright © 2010 Synopsys, Inc. Identify Actel Edition Quick Tutorial
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Debugging Your Design

Generating Waveforms

L=

M=l menu bar.

Display the debug data by clicking the Open Waveform Display icon in the

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.

i GTKwave - ICE.vcd

=] 3
File Edt Seach Time Makeis Yiew Help
[CD loaded successtully. 2|/Zoom ——— rPage — Fetsh - Disc —-Shift — Marker Time
[5] facilties found.
Regions farmed on demand. Q @ Hé 97 42 42 42 From:ID e 1280 ns
E}ﬂ E} E; E} To: I 2560 ns Current Time
o Q Cﬁ (}3 Osec
= 557 Signal e
oo
L counter_self = — — ;I
identify cycle[31:0] =
identify sampleclock =
current_state[3:0] =
Signals
Filter:
I
‘ Appendl Inzert | Replace | ol | _,I 4 _,I
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Debugging Your Design
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