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SYNOPSYs

Predictable Success

Synplify Pro Tutorial

The tutorial shows you how to use the Synplify Pro software in the FPGA logic
design process. Information is organized into these topics:

* Introduction to the Tutorial, on page 8

* Tutorial Design Flow, on page 15

* Create Project, on page 16

* Setup Implementation for Synthesis, on page 26
* Run Logic Synthesis, on page 39

* Analyze Logic Synthesis Results, on page 40

* Improve Results, on page 46

* Appendix A: Early Analysis (Compile Phase), on page 50
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Introduction to the Tutorial

The tutorial is designed to walk you through the Synplify Pro design flow
using some typical tasks and familiarize you with the user interface.

The tutorial design is an 8-bit micro controller. After completing the tutorial,
you will be familiar with the tool and able to apply the knowledge you gained
to your own, more complicated designs.

The tutorial assumes that you have
* Installed the software correctly and obtained the necessary licenses.

* Basic understanding of logic synthesis using the Synopsys FPGA tools.

The remaining sections include the following topics:
¢ Start the Software, on page 8.
* Download Tutorial Files, on page 10.
* Tutorial Directory Structure, on page 11.
* Synthesis Files, on page 12
* See Also, on page 14

Start the Software

You can start the software and run the tutorial from a Windows or Linux
workstation.

1. On Windows, choose the current release of the software from:
Start->Programs->Synopsys->FPGA Synthesis D-2010.03->Synplify Pro.

If you use any other version of the software, results may not exactly
match the results in the tutorial, although you can still follow the
general methodology described in this document.

2. On Linux, type this at the command line:

synplify pro

The command starts the synthesis tool. If you have run the software
before, the window displays the previous project.

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Toolbars ~ Menus Project View Implementation
Results View

Synolify Pro D-2010.03 - | <no projects loaded>] i [m] 3]
P [F)| File Edit view Project Import Run Analysis HDL-Anklyst Options Window Tech-Support Web Help (=)&) (=]
EdE&EE DS B gysEoeRw: @058 03Fexp/880 06481 -»
& NS T R N =T
H @

\Synplify ® Pro /
2Run

|Ready /
_!:;’ Orempoetes ;‘ Implementation Directory
| B Close Project Name / 7 |SizE Type Modified
By Change File....

5% Add Implementation...
{4 Implementation Options...

BiR Add PER Implementation

» B
= >
g £
= o
1 7

Frequency(MHz):
Ol O 5
() Auto Constrain @ = [2] | oD

rf «No projects>

Information Watch

N = Log Parameter <implementation > =
License checkeus: synplifypre

>

L EE ] 10
TCL Seript | Messages J Log Watch
| configure and run the ves Smulator l = A
Tcl Script and Messages Window Log Watch Window

If you do not see the Tcl Script and Messages window and Log Watch window,
select View->TCL Window and View->Watch Window or View->Output Window. For
your information, you can access commands in different ways: through the
main menu, popup menus, keyboard shortcuts, and icons. The tutorial uses
different methods to access the commands. For more information about the
interface, see the Synopsys FPGA Synthesis Reference Manual.
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Download Tutorial Files

You can download the tutorial design files and the tutorial instructions from
the Synopsys SolvNet® website.

1. Logon to SolvNet.

2. Select the applicable release for the tutorial and download the
platform-specific version of the design files.

3. Unzip the tutorial files.
— On Windows, use Winzip to extract the tutorial files.
— On Linux, type the following at the command line:
gunzip tutorial.tar.gz

Then, to extract the tutorial files, type the following at the command
line:

tar -xvf tutorial.tar

— Open or print the tutorial instructions (tutorial.pdf) from the SolvNet
when you are ready to begin the tutorial.

4. Copy the tutorial directory to your working area. Keep the directory
structure, because the tutorial is based on this structure. Refer to
Tutorial Directory Structure, on page 11. When you work on your own
designs, you can set up the structure as you want.

5. Make sure you have read and write privileges for the tutorial files.

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Tutorial Directory Structure

The input files for this tutorial are provided in the Synplify Pro tutorial direc-
tory after you download files from the Synopsys SolvNet website and setup
your project. The project and constraint files will be created using this
tutorial. However, if you prefer you can use these files provided with the
design as well.

Note: This directory structure is used for the tutorial because it reflects
the way the tool structures the files in the Project view. However,
when you run the Synplify Pro software on your own, you can
create whatever directory structure works best for your design.

E‘:J tutorial

,, ! ) |
. . . oY

Constraint VHDL Verilog
| | | tutorial.prj
tutorial.sdc const_pkg.vhd alu.v
ins_rom.vhd data_mux.v

eight_bit_uc.v*
ins_decode.v
i0.v

mult.v

pc.v

reg_file.v
spcl_regs.v

* This is the top-level module state mc.v

Figure 1: Synplify Pro FPGA tutorial Directory Structure

For descriptions of these files see Input Files, on page 12.

Figure 2 shows the directory structure for the implementation results files,
using the default implementation name rev_1. You specify the location of the
results directory when you set implementation options for your project.

Synplify Pro Tutorial Copyright © 2010 Synopsys, Inc.
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After you complete this exercise, the results directory typically contains the
file types shown below.

E-‘fj tutorial

# rev_1

eight_bit_uc.edf
eight_bit_uc.ncf
eight_bit_uc.htm
eight_bit_uc.srm
eight_bit_uc.srr

eight_bit_uc.srs

Figure 1: Results Directory Structure

For descriptions of these files, see Output Files, on page 13.

Synthesis Files

This section briefly describes the files required to run synthesis and the files
generated during synthesis that are output to the user-specified implementa-
tion results directory.

Input Files
Here is a brief description of the input files:

* _v/.vhd—contains the HDL source files. The HDL source files can also
contain a mixture of VHDL and Verilog source files. eight_bit_uc.v is the
top-level module.

¢ constraint/tutorial .sdc—user-specified constraint file, contains the
timing constraints

The constraint file will be created using this tutorial. However, you can
use the .sdc file provided with the design, if preferred.

e tutorial .prj—tutorial project file, contains all the information
required to complete a design. This file contains references to source
files, and specifications for the target device.

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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The project file will be created using this tutorial.

Output Files

Here is a brief description of the files that are typically output to the Implemen-
tation Results directory:

¢ _edf—Xilinx design netlist in the format of the supported target
place-and-route tool

e _htm—HTML format of the log file containing the synthesis results. See
the .srr file below for a description of its contents.

¢ _ncf—Xilinx netlist constraint file; contains all of the constraints for the
design

* _srm—output by the mapper stage of the process, contains the actual
technology-specific mapped design. This is the representation displayed
through the technology view in HDL Analyst.

* _srr—text format of the log file containing the synthesis results. The
project_name.srr file contains all warnings and errors encountered
during synthesis as well as performance information such as clock
frequency, critical paths and run times. There is also information on
area, cell usage and FSM extraction. To view this file, click on the View
Log button in the Project view.

* _srs—output by the compiler stage of the process, contains the RTL
level (schematic) view of the design. This is the representation displayed
through the RTL view in HDL Analyst.

Note: You can delete or rename the tutorial .sdc files in this directory
if you want to create your own as part of the tutorial exercises.

Synplify Pro Tutorial Copyright © 2010 Synopsys, Inc.
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See Also

The tutorial does not cover all the possible tasks you could do. For additional
information, refer to the following sources:

For information about... See the...
Installation Installation instructions on SolvNet

Common tasks not covered in the Synopsys FPGA Synthesis User Guide

tutorial

Advanced techniques Synopsys FPGA Synthesis User Guide

User interface descriptions Synopsys FPGA Synthesis Reference Manual

Commands and syntax Synopsys FPGA Synthesis Reference Manual
Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Tutorial Design Flow

This flow diagram graphically illustrates the procedures in this tutorial:

Xilinx Flow

HDL Source Files —>» Create Project

<«—  Vendor Flow

Set Constraints

Technology ————> | Set Device Options
Parameters |

Run Logic
Synthesis

Analyze Logic
Synthesis Results

Improve Results

Implement FPGA

The remaining sections describe how to complete the tasks for this flow.
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Create Project

The first step is to set up your project. A project is a file that defines the HDL
source files, implementation files and device option settings. This section
shows you how to set up a project file, handle messages, and do some typical
analysis operations with the HDL Analyst tool. This project information is
organized as follows:

* Setup Project and Add Design Files
* Compile Design and Check Log File
¢ Additional Analysis after Compile

Setup Project and Add Design Files

To run synthesis, you need a project file. A project contains the data needed
for a particular design: the source files, the name of the synthesis results file,

and your device option settings. The following procedure shows you how to
set up a project file.

1. In the project window, select File->Build Project to open the Select Files to Add

to Project dialog box. Navigate to your source files by selecting the
install_dir/tutorial directory.

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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21
Look in: | £ €: utorial_d201003\synplfy_prolutorial | v| @ © & I =

&] My Computer [ verilog
) vhdl

X

File name: [ ]

Files of type: IProject Files (*.prj) | vI

VHDL Verilog lib: | =)

Files to add to project: Use relative paths ] Add files to Folders Falder Options...

=- Add Al

<- Add

Remove All -z

Remove -=

OK

Cancel

BEERE

Figure 2: Select Files to Add to Project Dialog Box
2. Open the vhdl folder. Make sure Files of type field is showing either All Files
(*) or VHDL Files (*.vhd).

For this exercise, add both VHDL files in the folder. Click on the <-Add All
button, then click OK.

Synplify Pro Tutorial Copyright © 2010 Synopsys, Inc.
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Lok in: | £ C:\utorial_d201003\synpiify_profutorialvhdl | +| @ © @ 2 8|
aj My Computer EI const_pkg.vhd
23 joam =] ins_rom.vhd
File name: [ ]
Files of type: IHDL Files (*.vhd *=.vhdl *.v} | vI
VHDL verilog lib: | |~
Files to add to project: (2 file(s) selected) Use relative paths || Add files to Folders
Ci\tutorial_d201003\synplify_pro\tutarialvhdl\const_pkg. vhd <-add Al

C:\tutorial_d201003\synplify_pro\tutorialwhdlins_rom. vhd
<-Add

Remove All -=
Remove -=
OK

Cancel

Ll

Figure 3: Add VHDL Files

— After clicking OK to add the files, you will return to the Project view.

- 27 VHDL
. i f{ const_pkg.vhd [work]

Lo g ins_rom.vhd [work]

# rev_1

Figure 4: Newly Created Project File

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Synplify Pro Tutorial

Your project window displays a newly-created project file called const_pkg
(the first source file in the list) with a folder called VHDL and a directory
under it called rev_1, which represents the first implementation of your

design.

3. Set the source file hierarchy, if necessary.

— If you do not see a VHDL folder under the const_pkg directory, set this
preference by selecting the Options->Project View Options command and
enabling the View Project Files in Type Folders check box. This separates
one kind of file from another in the Project view by putting them in

separate folders.

Configure VHDL Compiler. ..
Configure Verilog Compiler. ..

Configure Compile Point Process. ..

] : 7| x
Toolbars... Project View Options 2] x|

Project View Options. .. Options

Editor Options... Option

P&R. Erwironment Options. .. Show Praject File Library

Configure 3rd Party Tool Options | |Beep when a job completes

HOL Analyst Options... P>\ View Project Files in Type Folders )
Configure Identify Launch. .. View Project Files in Custom Folders

Order files alphabetically

Auto-oad projects from previous session

Auto-save project on Run

Open log file following Run

Show all files in results directory

Allow multiple projects to be opened

View log file in HTML

QEE00ROREID | E

Project file name display

File name anly

Description:

Click on an option for description

Figure 5: Select Project View Options->View Project Files in Type Folders

Synplify Pro Tutorial
March 2010
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Create Project

4. Click on the Add File button in the Project view and change to the verilog
directory. Make sure Files of type field is showing either All Files (*) or Verilog

Files (*.v).

5. For this exercise, add all the Verilog files in the folder. Click on the <-Add

All button, then click OK.

Add Files to Project

Look in: | |2 € Vrutorial_d201003\synplify_pro\tutorial\verilog

00023

E! My Computer

,.-J joann

data_mux.v
eight_bit_uc.v
ins_decode.v
o

mult.v

pc.v
reg_file.v
spc_regs.v
state_mc.v

File name: [

]

Files of type: |HDL Files (*.vhd *=.vhdl *.v *.sv *.vma)

=

VHDL Mverilog lib: |

-

Files to add to project: (10 file(s) selected) Use relative paths | Add files to Folders | Folder Options. ..

.Nwerilogalu. v

. \werilogdata_mux.v

. Jwerilog'eight_bit_uc.v
.. \weriloglins_decode.w
. Nweriloglio.w

. Swerilogimult.v

. Nwerilogipe.v

. \werilog'reg_file.v

.. \werilog'spd_regs.v

. \werilog\state_mc.v

X

2]

<- Add Al
<- Add
Remove All -=
Remove -=

0

Cancel

Figure 6: Add Verilog Files

A virtual design directory structure is created in the Project view.
Figure 7 shows the Ul after adding the design files.

— Click on the plus sign next to the Verilog folder to see a list of the
Verilog source files that you added for the project.

Copyright © 2010 Synopsys, Inc.
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Synplify Pro Tutorial

— Drag the top-level Verilog file to the last position in the list of files to

manually rearrange them.

— The project window reflects your changes. Make sure that the
top-level file (eight_bit uc.v) is the last in the list of files in the
Project window. The order of the remaining files does not matter.

E- [ vHDL

EIE'} verilog

- 3 alu.v [work]

- 4] data_mux.v [work]
de eight_bit_uc.v [wu:urk])
- 3 ins_dechde.v [work]

- 5 0w [wrk]
- 3 mult.v [ork]
- 5 pe.v [wrk]
- g reg_file}v [work]

— 54 spd reds.v [work]
(‘d state_mc.v [work] )

# rev_1

Before Arranging Verilog Files

=

- A eight_bit_uc.v [wor

WHDL
verilog

A alu.v [work]

- 4 data_mux.v [work]

-+ 4§ ins_decode.w [work]
- 4§l io.v [work]

- 1 mult.w [work]

- pc.v [work]

- 4 reg_file.v [work]

- 4 spd_regs.v [work]

state mec.v [work

op-level file last

After Arranging Verilog Files

Figure 7: Verilog Files Before and After Arranging

However, since we are using a mixed-language design for this exercise,
and the top-level module is Verilog, specify the top-level module in the
Verilog panel of the Implementation Options dialog box.

6. Click on the Impl Options button and click on the Verilog tab. See Set
Device Options, on page 30 for more information.

Synplify Pro Tutorial
March 2010
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¥ Implementation Options - const_pkg: rev_1 _‘?Ill
Device Options Constraints Implementation Results Timing Report Vierilog WHDL PlaEIE] Implementations
TopLausliloduls: Compiler Directives and Parameters
eight_bit_uc
Verilog Language
Vierilog 2001 9
=
[ system Verilog
Extract Parameters
Push Tristates
Compiler Directives: e.g. SIZE=8
[_] Allow Duplicate Modules ]
] Multiple File Compilation Unit
|Induda Path Order: (Relative to Project File) I ] I | I
Library Directories: I ] I | I
Synplicity
| 0K | ‘ Cancel ‘ | Help | y y

7. Then select File->Save As, move up a directory level and type tutorial for the
name of the project, and click Save.

Compile Design and Check Log File

For the purposes of this tutorial, you compile and check the log file as
separate steps. Normally, compilation is part of synthesis when you press
Run.

1. Press F7 or select Run -> Compile Only.

The software optimizes the logic for your design using
technology-independent operations, and checks for syntax and
hardware-related synthesis errors. When it has compiled, you see the
following changes in the Project view:

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Daone:

@ RTL icon now

selectable

=- WVHDL

i f const_pkg.vhd [work]

‘o [ ins_rom.vhd [work] ->NOTES: 3
E—ﬁ Vierilog

- alu.v [work] -=NOTES: 3

- 4] data_mux.v [work] ->MNOTES: 1
- 4 ins_decode.v [work] -»>NOTES: 1
- A io.v [work] -=NOTES: 1

- 4] mult.v [work] ->NOTES: 1

- 4] pev [work] -=NOTES: 2

- i reg_file.w [work] -=NOTES: 2

- 4] spd_regs.v [work] ->NOTES: 1
- 4 state_mc.v [work] -=NOTES: 2
- [§] eight_bit_uc.v [work] ->NOTES: 3

# rev_1

Note: Exclamation marks indicate files with warnings.

2. Review the messages in the Message viewer.

— Click the Messages tab in the Tcl window. Enlarge the message
window if needed, or drag it out of its docked location to get a full-size
window. You see all the messages listed. Notes have an ‘n’ icon, and
warnings have a yellow triangle with an exclamation mark.

— Locate the Found RAM mem_redfile, depth=32, width=8 entry and click the
ID number CL134.

The online messages help reports that the compiler detects a RAM
and indicates the depth and width of the RAM. The compiler detects
high-level operators such as RAMs, so that the right resources are
used to implement these operators during the mapping phase.

Synplify Pro Tutorial Copyright © 2010 Synopsys, Inc.
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[[J warnings, 19 notes ]Find: [ - | | Set Filter... | [ apply Filter | GroupComman ID's
|ID Message |Source Location |Log Location |T|me |Repori

(2 D70 Setting time resolution to ns std.vhd (123) gight bit uc.srr 17:05:... Campil

10 CG364 Synthesizing module eight_bit_uc - gight bit uc.srr 17:05:... Caompil

[2 CG346 Read ful_case directive alu.w (53) gight bit uc.srr {32)  17:05:... Compil

CG794 Using madule INS_ROM from library work eight bit uc.v (79) eight bit uc.srr (81)  17:05:.. Compih

2 CL20d Trving to extract state machine for register state - eight bit uc.srr 17:05: ... Compil

CL134 Found RAM mem_regfile, depth=32, width=8 req file.v (17) eight bit uc.srr (58) 17:05:... Compil

CD&E30 Synthesizing work.ins_rom. first ins rom.vhd {13) eight bit uc.srr (118) 17:05:... Compil

| ()

TCL Script Messages

3. If you prefer, review the messages in the Log file. You can perform any of
the following tasks:

— Enable the View Log File in HTML option under Options->Project View
Options. Click View Log to open the log file and click Compiler Report in
the left panel. Scroll through the log file messages on the right.

— Double-click on the log file in the Project view and press Ctrl-f to open
the Find dialog box. Enter @N as the search criteria, and click Find
Next. The pointer moves to the first note in the log file. Click Find Next
again until you find message number (CL134).

Review all messages and then click Cancel in the Find dialog box. If
needed, you can also enter the following search criteria: @I for
informational messages and @W for warnings.

— Single click the message number (CD134) in the HTML Log file, or
double-click the message number in the text-based Log file to open
an online help page with information about the message.

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Find el [
Find what: [@n: |~ | Findhext |
1
[ Match whole word only Direction

_ [ Regular expression

] Match case
| Cancel |

58 Verilog syntax check successful!
60 @N: CG364 :"C:tutorial d4Z01003%\synplify pro\tutcrial\wverilog\state _mc.v":8:7:8:11|5ynthesizing module prepd

62 @M: CC3E4 :"C:i\tuterial d201003%\synplify pro\tutorizliverileg\ins_decede.vw":1:7:1:1|Synthesizing module ins_decode
64 @N: CG364 :"C:tutorial dZ01003%\synpllfy pro\tutorial\werilog\pc.v":1:7:1:15|5ynthesizing module prgm cntr

66 @M: CC384 :"C:\tutorial d201003\synpl¥fy pro\tutorial\verilogireg file v":4:7:4:14|Synthesizing module reg_file

"C:htutorial d201003\synplify pro\tutcrisliwverilogireg file.w"

™ ra T T T 0 v

17:0:17:5|Found RRM mem regfile, depth=3Z, width=§

TTTIT

71 @N: CE364 :"C:htutorial_d201003\synplify_pro\tutorialiwveriloghmult.v":1:7:1:10|Synthesizing module mult

| | G

4. Review all messages. For this exercise, all messages are valid.

Additional Analysis after Compile

Once you have a compiled design, you can perform additional analysis before
completely synthesizing the design. These include:

¢ Viewing an RTL schematic of the design
* Crossprobing between the schematic, source code and log file
¢ Using Object Find in the RTL view

* Filtering and expanding the schematic

See Appendix A: Early Analysis (Compile Phase), on page S0 for details.

Synplify Pro Tutorial Copyright © 2010 Synopsys, Inc.
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Setup Implementation for Synthesis

This synthesis flow for Xilinx uses the Virtex-6 technology. The following
sections discuss these topics:

* Set Constraints, next

* Set Device Options, on page 30

* Run Logic Synthesis, on page 39

* Analyze Logic Synthesis Results, on page 40

If you do not use Xilinx technology, you can follow along with the tutorial
using device options specific to your vendor. However, for the following
section of this tutorial, make sure that the Xilinx Virtex-6 technology is
selected on the Implementation Options dialog box of the Device tab. See Set
Device Options, on page 30.

Set Constraints

Design constraints are optional, but most designers use them to define
frequency goals and describe the environment for the design. For designs
without aggressive timing goals, you can just set the clock frequency.

You can set constraints in a text file that you can create with any text editor,
but it is easier to use the SCOPE (Synthesis Constraint Optimization
Environment) interface. The SCOPE interface consists of a spreadsheet where
you enter constraints.

The tutorial design uses basic constraints, which you enter as follows:

1. Start the SCOPE interface in the open project window by doing one of
the following:
— Click the New Constraint file (SCOPE) icon in the toolbar. (£ )
— Select File->New, choose Constraint file (SCOPE) in the dialog box, specify
the file name (tutorial.sdc) and click OK.

2. Click OK on the Initialize Constraints tab in the Create a New SCOPE File
dialog box.

Copyright © 2010 Synopsys, Inc. Synplify Pro Tutorial
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Create a New SCOPE File 21x|
Initialize Constraints Select File Type

~Initialize Constraints

Click on the constraints you want SCOPE to initialize automatically.
Clocks
1/0 Delays

I oK " Help " Cancel |

The SCOPE window opens, with the most common constraints, clock
frequency and input/output delays initialized. The window consists of a
spreadsheet interface with tabs for different kinds of constraints.

Chtutorial_d201003\synplify_pro\tutorial\tutoralsdc *

: c ‘requency | Period Rise At | Fall At | Duty Cyde | Route | Virtual -
Enabled Clock Object Cladk Alias MHz) () Clock Group ) =) %) =) | Clock Comment
1 |0 dock default_dkgroup_0 []
2
3
4
5
-

& A
Clocks | ClocktoClock | Collections | Inputs/Outputs | Registers | DelayPaths | Atiributes | IO Standards | Compile Points | Other |

3. Set a clock frequency constraint as follows:

— Select the Clocks tab at the bottom of the SCOPE window, if it is not
already selected.

— Select the check box in the Enabled column to enable the clock
constraint.
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— Enter 188 in the Frequency column to set the clock frequency and
press Enter.

Cftutorial d201003 [synplify_pro/tutorial [tutorialsdc

. . Frequency Period Rise At | FallAt | Duty Cyce | Route | Virtual =
Enabled| Clock Object Clock Alias Hz) (ns) Clock Group (=) ns) (%) (=) Clock Comment
il dock dock 138 5.312143... |default_dkgroup_0 O
2
3
4
5
-
6
-
Clocks | ClocktoClock | Colections | Inputs/Outputs | Registers | Delay Paths | Atwrbutes | If0Standards | Compile Points | Other |

Figure 8: Set Clock Frequency to 188

This design has only one clock, so setting the clock frequency is the
same as setting a global frequency from the Project view. When you
press Enter, the software automatically sets the clock period and assigns
the clock to the default clock group.

4. For this exercise, set a false path constraint. Perform the following:
— Select the Delay Paths tab at the bottom of the SCOPE window.

— Select the check box in the Enabled column to enable the false path
constraint.

— In the Delay Type field of SCOPE, select False from the drop-down
menu.

— In the From field of SCOPE, select i:special_regs.status{7:0] from the
drop-down menu.

C\tutorial d201003\synphfy_pro\tutorial\tutorialsdc *

Enabled Delay Type From To Through StartfEnd | Cydes | Max Delay{ns) Comment i‘

1 False i:special_regs.status[7:0]

4

5 -

Cocks | ClocktoClock | Collections | Inputs(Outputs | Registers | DelayPaths | Attrbutes | 1/O Standards | CompilePoints | Other |
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5. Also for this exercise, you will set some attribute constraints. Perform

the following tasks:

Select the Attributes tab at the bottom of the SCOPE window.

Select the check box in the Enabled column to enable the attributes

specified below.

From the Attributes field, select syn_forward_io_constraints from the
drop-down menu and press Enter. Leave the default setting for all
other fields of this attribute.

From the Attributes field, select the syn_ramstyle attribute from the
drop-down menu. Then, select registers from the drop-down menu in
the Value field.

G/ ttorial d201003/synplify_pro/titoral ffitorialsdc

Enabled | Object Type

Object

Attribute

Value

Val Type

global

=global >

syn_forward_io_constraints

1

boolean

Description -
Forward annotate 10 constraints

<any =

<global>

syn_ramstyle

registers

string

Special implementation of inferred
RAM

3

:

4
(]

| (L)

| Clocks

| ClocktoClock | Collections | Inputs/Outputs | Registers | Delay Paths

| Attrbutes | I/OStandards | Compile PoinisEIE]

6. Click the Save () icon or select File->Save and save the file as tutorial.sdc.

7. Click Yes in the dialog box that asks you if you want to add the file to

8. Close the SCOPE file.

your project and close the SCOPE window.

You should now have the following files in the project:

A Verilog folder that contains the source files

A VHDL folder that contains the source files

A Constraint folder with the constraint file (tutorial.sdc)

An implementation folder (rev_1)

Synplify Pro Tutorial
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=@ [twtorial]l - C:\tutorial_
- [ vHDL
=

|L,J Verilog

ﬁ Constraint
E tutorial.sdc

.....

Set Device Options

The options you set for a project revision (implementation) determine the
optimization settings and inputs such as the device technology, constraint
files, and output directory for the synthesis run.

1. Make sure rev_1 is the current implementation (highlighted). You can
bring up the Options for Implementation dialog box in the Project view with
one of the following methods:

— Impl Options button
— Select Project->Implementation Options
— New Impl button (for creating a new implementation only)

The Options for Implementation dialog box lists the implementation (rev_1) at
the top.

2. This dialog box has many tabs, and opens with the Device tab displayed.
For this exercise:

— Technology should already be set to Xilinx Virtex6.

— Use the following technology defaults of: Part XC6VLX75T, Speed -1, and
Package FF484.

— Do not change the default settings for the Device Mapping Options.
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3. Click on the Options tab. For this exercise, do
optimization switches for:

— FSM Compiler

Device
Technology: Part: Package: Speed:
| ilin Virtexs | v| [xcevLx7sT |+ | |Frag4 [v| -1 |~
~—Device Mapping Options
Option Walue
Enhanced Compile Point Support (Beta Support) O
Fanout Guide 10000
Disable If0 Insertion O
Disable Sequential Optimizations O
Fix Gated Clocks 3
Fix Generated Clocks 3
Update Compile Paint Timing Data O
Use Xilinx Partition Flow O
Use Xilinx Xflow O
Enable Advanced LUT Combining {use only with Xilinx ISE 10.1sp1 or later)
Annotated Properties for Analyst
Verification Mode: O

Click on an option for description

— Resource Sharing

— Pipelining

Synplify Pro Tutorial
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Options
Optimization Switches

[] Physical Synthesis
[_] Fast Synthesis
FSM Compiler
[_] FSM Explarer
Resource Sharing
Pipelining
[_] Retiming

Option Description

Click on an option for a description.

4. Click on the Constraints tab. Make sure the constraint file (tutorial.sdc) is
checked.
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Constraints

Frequency {(MHz)
ma ® Auto Constrain (Optimize to obtain maximum frequency)

[ Use dock period for unconstrained 10

Constraint Files
Check files to apply to this implementation
tutorial sdc

5. Click on the Implementation Results tab. Make sure that:

— Implementation Name, Results Directory, and Result File Name fields
automatically get filled in.

Result Format should be edif.

Write Vendor Constraint File is enabled.

Write Verification Interface Format (VIF) File is enabled.
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Implementation Results

Implementation Name:
[ rev_1 ]

Results Directory:

[C:'\b.ltorial_dZD1003'»,synplifyjro'\b.|hnrial Yrev_1 ]l Browse... |
Result Base Name: Result Format:
[ eighit_bit_uc ] | edif - |

Optional Qutput File Options

[ write Mapped Verilog Netiist Write Verification Interface Format (VIF) File
[ wirite Mapped VHDL Netlist
Write Vendor Constraint File

6. Click on the Timing Report tab. Set Number of Critical Paths to 25.

This option determines the number of critical paths reported in the
timing report generated after synthesis.
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Timing Report

~
C MNumber of Critical Paths: [ 25 ) ]
7

Number of Start/End Paints: [ ]

Description

Configure the timing report by spedifying the number of paths to indude in the "Starting/Ending Points with worst
slack” and "Worst Paths” report sections.
7. Click on the Verilog tab. For this exercise:
— Check that the Top Level Module is specified as eight_bit_uc.
— Leave the default for Verilog 2001 enabled.

— Leave the default for Push Tristates enabled.

Synplify Pro Tutorial Copyright © 2010 Synopsys, Inc.
March 2010 35



Synplify Pro Tutorial Setup Implementation for Synthesis

Verilog

Top Level Module: Compiler Directives and Parameters
~,

eight_bit_uc
C [ Cla J) Parameter Name Value ﬂ
-

‘erilog Language

Verilog 2001
[ System Verilog

Extract Parameters

Push Tristates
[ Allow Duplicate Modules [ ]
[ Multiple File Compilation Unit

|Indude Path Order: (Relative to Project File) |_ILI_>|

Compiler Directives: e.g. SIZE=8

Library Directories: | I [ I 4 I

8. Click on the VHDL tab. For this exercise:

— Select default from the Default Enum Encoding drop-down menu for the
top-level entity (eight_bit_uc).

— Leave the default setting for Push Tristates enabled.
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Top Level Entty: \Default Enum Encoding:

WVHDL

[ eight_bit_uc ]} default

Push Tristates
[ synthesis On/Off Implemented as Translate On/Off
[ vHDL 2008 (Beta)

—Generics

Generic Name Value

Extract Generic Constants

9. Click on the Place and Route tab. You can ignore this option for this
exercise, since placement and routing will not be run.
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Place and Route
Place and Route

Check the Place and Route jobs to run following main synthesis flow.

10. Click OK to save the implementation options for rev_1.

The exercise in this section presents a summary of the implementation
options as they relate to the tutorial exercise. For more details on setting
implementation options, see the Setting Up a Logic Synthesis Project chapter
of the Synopsys FPGA Synthesis User Guide.
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Run Logic Synthesis

After you have set up your project with source files, implementation settings,
and an optional constraint file, synthesize your design. To do this:

1. Click the Run button to start synthesis.

The software goes through two synthesis phases, compilation and
mapping, and it reflects these stages in large red letters in the status
area.

— Compilation is the creation of a technology-independent boolean
structure, and mapping is the technology-specific implementation
and optimization of the boolean structure.

— You can see the results of compilation in the RTL view. Mapping
results are displayed in the Technology view, which is described in
more detail in subsequent sections.

2. When synthesis is complete, the software usually displays this message:

Done:

Note that the Implementation Results view lists the files that are gener-
ated as a result of synthesis.
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Analyze Logic Synthesis Results

After you have run synthesis, you can analyze the results. This section shows
you how to do the following:

* Examine the Technology View, next
* Check Timing, on page 42
* Analyze Critical Paths in the Technology View, on page 45

Examine the Technology View

You can graphically check the synthesis results in the Technology view.

1. To see the graphical results of your run, click the ([5) icon on the menu
bar to open the Technology view.

The Technology view contains a schematic of the design after technology
mapping with base cells that are directly mapped to the target
technology.

2. Examine one of the technology-specific components as described below.
If you are not using the version of software for which this tutorial was
written, your design may be implemented with different components
because of ongoing optimizations to the technology and the software.

— To reduce congestion in the schematic, select Options->HDL Analyst
Options and disable Show cell interior on the General tab if it is on. You
can also disable the display of symbol and pin names on the Text tab.
Click OK.

— In the Hierarchy Browser on the left side of the Technology view,
expand Instances and then expand one of the modules. In the following
example, we chose REGS (REGS_FILE).
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— Next expand Primitives and select a primitive instance. The instance
selected is highlighted in red on the schematic. When you have
multiple sheets, the Technology view automatically moves to the
sheet with the selected component.

Note: Small sheet size is a preference; you can set with
Options->HDL Analyst Options->Sheet Size.

sheet 2 of 10 - regs (of module reg_file) (Technology View) Virtex6: XC6VLXZS5THR484-1 _frev_1feight bit_ucsrm

B [Z) Primitives (52) [«] [=]
{0 decode (ins_decode)
G- fF dmux (data_mux) |:|
- & pliprepd)
& £} prgmentr (prgm_cnir) ‘
= §F regs (reg_file) —1
B[ Nets (384) [
[ Ports (22) -
[ primitives (161) — |:|
-} addr[0] (FD) 5
¥ addr[1] (FD) [ i e ol | S —————
O addr[2] (FD) s A .
£ addr[3] (FO) — F12
{F addr[4] (FD)
{3 addr_0_lute_2_o5[0] (LUT3_BS) :I_l— 1
" [addr_0uts_2 oS[A(UTSB8) =] gl
{3 addr_0_luts_2_os[0] (LUT3_BS) —
{1 addr_0_luts_2_o5[4] (LUT3_AC) “
¥ mem_regfile_awe0 (LUT6_0000000000000001) ik i
{F mem_regfile_awe1 (LUTS_0000000000010000)
{F mem_regfile_awe2 (LUTS_0000000100000000)
- {1 mem_regfile_awe3 (LUT&_0001000000000000) % %
- {t mem renfile awe4 (11TA OOONNONNNNNNO0
ki 3 — —

— Filter the selected component. To filter, click F12, the Filter icon, or
click the right mouse button and select Filter Schematic. You see just
the object selected.

— To see details of this object, select Options->HDL Analyst Options and
enable Show symbol name on the Text tab, and Show cell interior on the
General tab. Click OK. You see the interior of the cell. You can see any
properties attached to the pins, like fanout.
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reg file

LUT3 B8

-
-
-

regs.addr local_fanout = 49 i i
i e Pin propertles

sddr_0_lut_2_o5[4]

— Deselect the component by clicking in an empty area of the
schematic.

— Use the techniques described in Additional Analysis after Compile, on
page 25, Find and Crossprobe, on page 55, and Filter, Expand, Hide,
and Dissolve, on page 61 to examine how the design was
implemented for this technology.

— When finished, close the Technology view window.

Check Timing

You can check timing results in the log file and in the Log Watch window.

Using the Log Watch Window

In the tool, the Log Watch Window is a quick way to view just the critical
timing.

1. Check the timing parameters in the Log Watch window:

— If you do not already have it open, select View -> Log Watch Window to
open a window where you can quickly see the critical timing
information in a tabular format.

— Position the cursor in the first cell in the Log Parameter column, and
hold down the left mouse button.
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— Select Worst Slack from the drop-down list. The software displays the
corresponding value.

— Use the same method to set clock - Estimated Frequency and clock -
Requested Frequency in subsequent cells. You can see that the design
does not meet timing because it has a negative slack value. Positive or
0 slack times indicate that you have met or are within the timing
constraint. Close the Log Watch window.

The following figure shows the values in the Log Watch window after the
run. If you are using a different release of the software, the values you
get when you run the tutorial might vary slightly, because of ongoing
optimizations within the synthesis tool.

Log Parameter rev_1 E
Worst Slack (-0.062 ) = Egiensghm meet
dodk - Estimated Frequency 185.8 MHz
dock - Requested Frequency 1588.0 MHz rs
-

[« 1)

Using the Log File

The log file is available in text format, as well as, the HTML-based viewer for
the Synplify Pro tool. To enable the HTML version of the log file, select
Options->Project View Options->View log file in HTML.

To see detailed information about the critical paths, open the log file
(eight_bit_uc.srr) by clicking the View Log button. You see a window with the log
file.

* In the text-based log file window, scroll down to the Performance Summary
section to see details of the clock information. Scroll a little further to the
Worst Paths Information section. (You can also use Ctrl-f and search for Worst
Paths.) A table shows all the points on the critical path.
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[ ] Cftutorial_d201003/synplify_pro/tutorial/rev_1/eight_bit ucsrr

423 [=]
424 Path informetion for path number 1:
425 Regquested Periocd: 5.315
426 - Setup time: -0.045 |:|
427 + Clock delsy at ending point: 3.004
423 = Regquired time: 8.388
429
430 — Propagetion time: 5.4:27
431 — Clock delsy at starting point: 3.004
432 = Slack (criticsl) = -0.08Z
433
434 Humber of logic lewvel({s): Z3
435 Starting point: dmux.alubtmp f2st[0] 7 Q
436 Ending point: uc alu.zluz / D
437 The start point is clocked by clock [rising] on pin C
438 The end point is clocked by clock [rising] on pin C @
439
a 1)

* In the HTML log file window, select Worst Path Information in the left table of
contents pane of the window.

] Cftutorial_d201003[synplify_pro/tutorial{rev_1feight_bit_uchim

rev_1 (eight_bit_uc) rlr_j:rst_ Path In:cq.atlcn B
c iler R 5 View Worst Path in Znalyst
Lompiler heport ek
Mapper Report
Timing Report |:|
Merfﬂrmancﬁe S”'_T"T'ﬁ Path information for path number 1:
Llock Relationships Requested Feriod: 5.313
Interface Information - Setup time: -0_.045
Detailed Report for Clock: clock + Clock delay =t ending point: 3.004
Starting Points with Worst Slack = Regquired time: B.388
Ending Points with Worst Slack
Worst Path Information — Propagation time: 5.427
Resource Utilization — Clock delay at starting point: 3.004
= Slack (critiesl) = -0.0&2
Number of logic lewvelis): 23
. . . Starting point: drux.slubtmp fast[0] 7 §
L el Ending peoint: uc slu.aluz 7/ D
The start point is clocked by clock [rising] on pin C
rev_1 @ The end point iz clocked by clock [rising] on pin C @

The worst path doesn’t meet timing as indicated by the negative slack
value. You can now check the critical path in the Technology view.
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Analyze Critical Paths in the Technology View

To analyze your critical path in the Technology view, do one of the following:

1. Open a Technology view window by clicking the and gate icon {{_}) in the
menu bar.

2. Select the Critical Path icon () on the menu bar or right-click in the
Technology view window and select Show Critical Path.

3. In the HTML log window, select the View Worst Path in Analyst link at the
beginning of the Worst Path Information section.

The Technology view graphically displays the path described in the log file.
The critical path view is a filtered view that shows only the instances on the
critical path.

The following figure shows the critical path with transparent instances to
indicate the design hierarchy. To display the cell interiors, select Options->HDL
Analyst Options->General->Show cell interior.

You should see red numbers at the upper left corners of the instances. These
numbers provide timing information: the first value is the cumulative delay,
and the second value is the total slack time for the path. If the red timing
information is not displayed, enable HDL Analyst->Show Timing Information.

LUTE L OXEQ00000000000

LUT4 L0001
. LLTe_FEFFRE000SFFOS0D iz

==

sucut_int T[]

alz_RNO 2 ahz_RNO
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4. Zoom in to the timing information. You can see that the slack (second
number) is negative, which means that your design does not meet
timing.

5. You can now use other techniques to analyze your path and design
further. For example:

— Check the corresponding RTL code by double-clicking objects in the
Technology view.

— Filter and expand paths using the techniques described in Filter,
Expand, Hide, and Dissolve, on page 61.

— To return to the critical path view, click Back or click the Critical Path
icon. If Back is inactive (the path has been flattened), click the Critical
Path icon to return to the critical path view.

For this tutorial, you will reduce the delay on this critical path by adding
a two-cycle path constraint and resynthesizing the design. See the
Synopsys FPGA Synthesis Reference Manual for details about other
constraints and attributes you can add.

6. Leave the filtered critical path view open, and close any other open
Technology views.

Improve Results

This section guides you through the post-analysis phase, where you fine tune
your design by setting constraints, rerunning synthesis, and checking your
results.

Set Additional Constraint and Resynthesize

Since the design did not meet timing, you can add a timing constraint to the
critical path in the constraint file, then resynthesize the design.

1. Make sure you have the filtered view of the critical path open.
2. Open the constraints file (tutorial.sdc) and select the Delay Paths tab.
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3. Select the check box in the Enabled column to enable the false path
constraint.

4. In the Delay Type field of SCOPE, select Multicycle from the drop-down
menu.

5. Add a constraint from the start (From) point to the end (To) point using
these steps:

— Select the i:xdmux.alubtmp[7:0] bus from the drop down menu in the From
column. This bus includes the first instance (dmux.alubtmp_fast[0]) in
the most critical path. Adding the constraint to the entire bus
eliminates the negative slack times in the remaining bus signals.

Czftutorial_d201003/synplify_pro/tutorial /tutorialsdc *

Enabled Delay Type From To Through =
1 Falze i:special_regs.status[7:0]
2 Multicycle izdmux.alubtmp[7:0] ‘ -

" L|_
isuc_alu.aluout[7:0]

4 iruc_alu.aluz

irspecial_regs.w[7:0]
5 i:spedial_regs.fer[7:0] |:|

i:special_regs. trisc[7:0]
& i:special_regs.inst[11:0]

isspecial_regs. trisa[7:0]
7 i:special_regs. trisb[7:0]

irspecial_re...t_int_a[7:0] =
: G
[« | (D]

| Clocks | ClocktoClock | Collections Inputs/Outputs

| Registers Delay Paths | Atfributes | I[[EIE]

— With the critical path view open, select the ending point (i:uc_alu.aluz)
and drag it to the To column.
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P Filtered Sheet 1 of 1 - top level (of module eight_bit_uc) (Fltered Technology View) Virtex6: XCEVLX...

B} {3 aluout_int_7[0[« |
{3} aluout_int_7[4
aluout_int_7[5
aluout_int_7 ¢
aluout_int_7_c
aluout_int_7_c
aluout_int_7_¢
aluout_RMNO[3]
[alz o) |
aluz_RNIJKCE
aluz_RNIIKCB
aluz_RNO (LI
aluz_RNO_0
aluz_RNO_1{
aluz_RNO_2 (L

B

4T FEmme=on

=P

T

PR

ILAOHOCAONORNANNN0

Enabled

Delay Type

From

Through

1

False

i:special_regs.status[7:0]

2

Multicyde

izdmunc. alubtmp[7:0]

4

[«

Clocks | ClocktoClock | Collections | InputsfOutputs | Registers | DelayPaths | Attributes E:h

:

C10)

— Set Cycles to 2 and make sure the Enabled column is selected to apply
the constraint.

Cftutorial_d201003{synplify_pro/tutoral/tutorsal.sdc *

Enabled Delay Type From To Through Start/End | Cycles ﬂ
1 False i:special_regs.status[7:0]
2 Multicyde {i:dmux.alubtmp[7:0]} iruc_alu.aluz 2
3
4

5

3

2|

(L)

Clocks | ClocktoClock | Collections | Inputs/Outputs | Registers | DelayPaths | Attributes | 10 Standards | g4 |[»

6. Save the constraint file and minimize or close the SCOPE window.

7. Click the Run button to rerun synthesis. You can now check your results
to see if you eliminated the negative slack on the path.
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Check Results

Check the results of the second synthesis run to make sure you achieved
your timing goals.

1. Check the results in the Log Watch window or the log file as described
previously in Check Timing, on page 42.

The first critical path (and several additional paths associated with the
bus) now meets the timing requirements. You see the next most critical
path listed as the most critical path. In a design, you would continue to
refine your design using constraints, attributes, and other optimizations
until you eliminate all the negative slack. For the tutorial, the next most
critical path is positive and synthesis is now complete.

2. Check the output files in the Implementation Results view.

MName | Size |T\,rpe [
E.’_'J backup Directory i
f_’] coreip Directary
f_’] syntmp Directary
@f_’) werif Directory
:} xplace Directory
8 _mh_info 20 bytes File
( eight_bit_uc.edf 774 kB Edif Metlist )
- eight_bit_uc.fse 1kE fze File
[ eight_bit_uc.htm 352bytes  him File
[F)_eight bit uc.map 28 bytes map File
( eight_bit_uc.ncf 0 I:Dtes [ ada
~[B eight_bit_uc.sap 7kB
(@ eight_bit_uc.srd -
(@ eight_bit_uc.srl
D gight ki+

The software generates vendor-specific netlists with the attributes and
constraints carried forward to ensure that the design is optimized for the
target technology. The eight_bit_uc.edf file is the netlist for the
place-and-route tools, and the eight _bit uc.ncf file contains the
constraints to be passed to the place-and-route tools.

At this point, you have finished synthesis. The next step is to simulate
waveforms or to place and route your design. You can use the Synplify
Pro interface to crossprobe and debug your designs further, or use the
synthesis output files to place and route your design.
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Appendix A: Early Analysis (Compile
Phase)

This appendix describes the types of analysis that you can perform after you
have compiled your design, and before you click the Run button. After you
have created a project and added the project files, including source, and
constraint files, you can compile the design (Run->Compile Only, or F7). During
the compile phase the RTL view of the design is created and you can use the
HDL Analyst features to view the schematic, traverse hierarchy, crossprobe
between the view and source code, find design objects and filter and/or
expand the logic in the schematic views. Topics in this section include:

* Analyze Compile Results (RTL) and Navigate Hierarchy
* Find and Crossprobe

¢ Filter, Expand, Hide, and Dissolve

Analyze Compile Results (RTL) and Navigate Hierarchy

This section covers basic zooming and hierarchy navigation; Find and
Crossprobe, on page 55 and Filter, Expand, Hide, and Dissolve, on page 61,
with some discussion of other analysis techniques. Synopsys’s proprietary
BEST (Behavioral Extraction Synthesis Technology) algorithms detect and
extract some high-level behavioral constructs in the RTL view. This is
different from other synthesis tools, which decompose the RTL into low-level
boolean primitives that must be reconstructed into higher-level primitives at
the place-and-route stage.

To use the HDL Analyst:

1. Click the RTL View icon from the toolbar ( (# ) or select HDL Analyst ->
RTL -> Hierarchical View to open the RTL view.

To make your view look exactly like the one shown in the following
figure, select Options->HDL Analyst Options and on the Text tab, disable the
Show pin name option. If your design has more annotations, some of the
preferences (Options->HDL Analyst Options) are set differently.
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N\
Sheet 1 of 1 - top level (of module esght_bit_uc) (RTL View) _frev_1[eight bit ucsrs

@ Instances (10)
&) Ports (5)
B[ Nets (42)
@ Clock Tree

FEFERFILL

C1 1]

Hierarchy Browser. Number of sheets Technology-independent
Lists the instances, nets, in the schematic schematic view
and ports in the design

The RTL view is a hierarchical, technology-independent schematic view
that is generated by the software. The pale yellow blocks indicate hierar-
chical instances. The software extracts high-level behavior, represents it
as an abstract, and operates on this abstract. You can recognize the
high-level blocks of logic from the source code.

2. To view the design, use the sizing icons (@, & & &,) from the toolbar,
the mouse strokes (see Help->Mouse Stroke Tutor), or the corresponding
commands from the View menu.

— Zoom into the area shown in the following figure by clicking the Zoom
In icon ( @, ) over the area you want to zoom. Click as many times as
needed to get a magnification level that is comfortable. You can also
zoom by clicking and dragging the icon diagonally to specify a
rectangular area for zooming, or by pressing the right mouse button
and drawing a diagonal mouse stroke from upper right to lower left
over the area to be zoomed. See Help->Mouse Stroke Tutor for a complete
list of mouse strokes.
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Zoom Methods

sheet 1 of 1 - top level (of module eight_bit_uc) (RTL View) -/rev_1[eight bit ucsrs

I
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L1}
T

23]

HHIHH

il
A

|

rhithil

Press the right mouse button Use the Zoom tool and click in Use the Zoom tool and click and
and draw a stroke from upper the design to zoom in. drag a rectangle over part of the
right to lower left design to zoom in.

— Exit the zoom mode by clicking on the Zoom in icon again, or by
right-clicking in a blank area of the design. The zoom icon changes
back to the default crosshair selection cursor.

3. Select the Push/Pop Hierarchy icon (1} ) or press F2. The cursor changes to
a double-headed arrow with a not sign through it when it is over areas of
the design without underlying hierarchy. When it is over a component
that has hierarchy below it, the cursor changes to an arrow pointing
downward.
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Push/Pop Cursors

5 1 @

Push into, Pop up, No hierarchy
hierarchy hierarchy  above or
below above below

— Click on the REGS block to push down into it. See the lower-level
hierarchy and how the software infers the RAM.

Sheet 1 of 1 - top level {of module eight_bit_uc) (RTL View) _frev_1[eight bit_ucsrs

Q Instances (10)

@ Primitives (1)
{ decode (ins_de
-} dmux (data_m
- fF io_buff (io)

- I} p1(prepd)

T progmentr (pram =
&

3 rom (INs_ROM
{3 special_regs (s
[ﬂ" T uc_alu (alu)

- [ Ports (5) =
[ Nets (42)
@ Clock Tree P

it

L5538

| A1

Jt]

E--E-E

(o 2 | ([l

Push into g I.I:
REGS to A= ]
see the

lower-level

hierarchy e

addi3

mem_regmie[ 0

— Pop up to the top level by clicking the up arrow cursor (4 ) in an
empty area. Alternatively, press the right mouse button and draw a
vertical line going upwards in a blank area of the design.

— Page back to the previous view by clicking the Back icon ( E‘) on the
toolbar. Return to the top-level view by clicking the Fwd icon () ).

— Push down into the Prgm_Cntr block. To push down with a mouse
stroke, press the right mouse button and draw a vertical line going
downwards within the block. In the lower-level schematic view shown
in the following figure, note the abstracts used to represent high-level
behavior: incrementor, state machine, and large mux.
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PUSh | nto > Sheet 1 of 1 - top level (of module eight_bit_uc) (RTL View) -/rev_1[eight_bit_uvcsrs
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Incrementor

— Return to the top level and, if necessary, right-click to exit Push/Pop
mode.
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Find and Crossprobe

This section shows you how to find objects and crossprobe. For information
about other HDL Analyst operations, see Additional Analysis after Compile,

on page 25 and Filter, Expand, Hide, and Dissolve,

1. With the top-level RTL view open, type Ctrl-f or

on page 61.

select Edit->Find.

The Object Query dialog box opens. This dialog box is different from the

one that opens when you type Ctrl-f in the Text

. Scroll down in the Unhighlighted box to find the

Editor window.

. Click the Symbols tab and set the search range to Entire Design.

add symbol. Double-click

on add to move it to the Highlighted box on the right and click Close.

© Object Query d |
Instances | Symbols | MNets | Ports |
Search
® Entire Design Current Level and Below Current Level Only
UnHighlighted: 0 of 30 - | -3 | |Highlighbed: i1ofi
(INS_ROM add
alu
andv
buf
data_mux
dff
dffe
dffr
dffre
dffse Al -
eight_bit_uc
ins_decode
inv
io
mult @
mult
Highlight Search (*7): Un-Highlight Selection {*7):
[ = - [ -
| Done | | Find All | Jump to location
[ms_rom |
| Close | | Help |

Figure 9: Move add into the Highlighted Field

Synplify Pro Tutorial
March 2010

Copyright © 2010 Synopsys, Inc.
55



Synplify Pro Tutorial Appendix A: Early Analysis (Compile Phase)

The software searches the entire design (all hierarchical levels) for the
add symbol. The schematic window changes to display lower-level
hierarchy (Prgm_Cntr), with the incrementor (@) highlighted.

0 Sheet 1 of 1 - prgmentr (of module prgm_cntr) (RTL View) -/rev_1feight bit uvcsrs

[l [=# Instances (10)
: @ Primitives (]
{3} decode (in:
T dmux (date
¥ io_buff (o)
0 piprepd)
T prgmentr (¢
B[ Nets (4

B[ Ports (
B[ Primitiv
T regs (reg_t
T rom (INS_F
¥ special_rec
T uc_alu(alu
- Ports (5)
- Nets (42)
@ Clock Tree

W

-
AR

}

&-E-E

T . o1
unl_f_we Yo e

+
uné_pc[10:0] L

Figure 10:Result of Highlighted add Symbol in the RTL View

4. Crossprobe from the schematic to see the corresponding source code.

— Double-click on one of the incrementor symbols. The software
displays the corresponding RTL code. For example, the following
figure shows Verilog source code.
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{opeoode_call)
T:}]] <= longk[7:01;
f \opcode_retlw)

43 po <= skackI;

23 else if fsel == 5'dZ)
45 pel7:0] < alucut;

46 else

47 po <= pana

[«1 [<I»]

Figure 11:Double-click Incrementor Symbol to Open Source File

— Close the source file window and use Push/Pop mode to return to the
top level.

S. Crossprobe from the source code to see the corresponding schematic
view.

— From the top-level RTL view, push down into the ALU block.

In the Project view, double-click alu.v to open the source code file.

In the alu.v file, go to line 92 by pressing Ctrl-g and typing 92.

— Highlight the section from line 92 that begins with:
begin
case (aluop[2:0])// synthesis full_case
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to line 104 that ends with:

endcase
end

— Then right-click and select Filter in Analyst from the popup menu.

The corresponding logic is highlighted in the RTL view.

E Cftutorial_d201003/synplify_proftutorial fverilog faluv *
a8
89 zlways @(zluopl2:0] or adder_result or and resuls or muls_resuls ox
90 or_result or xor_result or not_result or
91 ror_result or swap_result or alucut_int)
92 e

a3 alucpl2:

94 aluout_int <
95 aluput_int <
96
97
98
99
100 alugut_int <
101 alucut in
102

107 always @(posedge clk3 or posec .
108 begin -
(] -

'
) - a: .
el _SootZ 0] dures w1 | B
33'— 5
'

as_ntt .

'
.
our T2
L R
L u
— '
I n
33 g
- L, '
our T3 v
'
_—
'
et o
'
f 13
o et 7 et a7 i

Figure 12:Selecting HDL Code Highlights the Logic in the RTL View
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. Find a bit decoder and crossprobe.

Query dialog box.

first 200 occurrences of this string.

Instances Symbuols MNets Parts |

Search

® Entire Design Current Level and Below

Current Level Only

Use Push/Pop mode to return to the top level.

From the RTL view, press Ctrl-f or select Edit->Find to open the Object

Select the Instances tab and set the search range to Entire Design.
In the Highlight Search (*?) field, type *deco*, and click Find 200 to find the

fd 3|

UnHighlighted: 0 of 112

H [ > ] | Highlighted: 0 of 0

decode
decode.decodes[13:0]
decode.decodes_in96
decode.decodes_ing7[0]
decode.decodes_inga
decode.decodes_in93[0]
decode.decodes_in100[0]
decode.decodes_in101[0]
decode.decodes_in102[0]
decode.decodes_in103[0]
decode.decodes_in104[0]
dernde. derndes in 105101

Highlight Search (*7):

All -=

"

All =-

Un-Highlight Selection {*7):

[ *deco™

- [

Mame Space

@ Tech View

| Done Find Al |

Netlist

Jump to location

| Close

Help |

The Unhighlighted selection list is now shorter, and only lists instances
that match the search criteria. For details about using wildcards, see
the Analyzing with HDL Analyst and FSM Viewer chapter of the

Synopsys FPGA Synthesis User Guide.

Click All-> to move the entire list to the Highlighted box and click Close

to close the Object Query dialog box. The schematic highlights the bit

decoder instances in red.
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Instances | Symbols | Mets | Ports |
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® Entire Design ) Current Level ?ﬁ Below Current Level Cnly \
UnHighlighted: 0 of 0 | E > | |Highgnted: 0 of 112 E

decode
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decode.decodes_in93[0]
decode.decodes_in100[0]
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Highlight Search (=7): M-TIgrIgnT el Ion 2
*deco™] - l I -

decode.decodes_in103[0] E

| Done | | Find All
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[ ) nets (42) -
@ Clock Tree
= e
— e e o e g ]

(1 | T S—— 1]

Figure 13: Highlighted List Appears in the RTL View in Red

— With the bit decoder instances selected in the RTL view, put your
cursor over one of the selected instances and double-click. The
corresponding source code for the bit-decoder definition in the
data_mux.v file opens.
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Double-click on one of these highlighted components in the RTL view...

= N I
-
=
|| ...to see the corresponding source code.
== B C/tutorial d201003/synplify_pro/tutorialfvenlog /data_muscw
u 7 =
79 =assign fin = aluout;
:Eg:"— a0
81 // Bit Decoder
= 82 always @(b_mux) begin
83 case (b_mux)
a4 3'b000: bit_decoder <= E'b00000001;
= 85 3'b001: bit_deccder <= 5'b000000L10;
a6 3'b010: bit_decoder <= E'bO00000100;
a7 3'b011: bit_decoder <= E'bO00001000; D
83 3'bl00: bit_decoder <= E'bO00010000;
a9 3'bl01l: bit_decoder <= E'b00100000;
90 EESEY: bit_decoder <= 8'b01000000;
91 3'blll: bit_decoder <= E'bl0000000;
92 endcase
93 end
ac
[1 [«

To crossprobe from the bit-decoder definition to the schematic, the
RTL window must be open. You can select any number of bits that
make up the bit-decoder definition in the source code.

7. Close the source code window and return to the top-level schematic

view.

Filter, Expand, Hide, and Dissolve

Now that you are familiar with basic zooming and push/pop navigation (see
Additional Analysis after Compile, on page 25), you can filter, expand, and
dissolve parts of your design for analysis. This is a quick overview; for a more
detailed discussion, refer to the Analyzing with HDL Analyst and FSM Viewer
chapter of the Synopsys FPGA Synthesis User Guide.
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1. In the top-level RTL view, filter and expand pin connections:

— Select Prgm_Cntr and press F12 or select the Filter on Selected Gates
icon (£ ). The schematic is filtered, and only the selected object
(Prgm_Chntr) is displayed.

ins_decode
|y
= prgm_cntr
b ——
- - —
: —
decodes[12:0] o
—
—
decode prgmontr
nesaan —

— Select Options->HDL Analyst Options and click on the Visual Properties tab.
Then click an empty Property field, and add the new property to this
field and click OK.

21

Text | General | SheetSize | Visual Properties

Show Property RTL 1—?3 \g:if E

1 slowe W (]

2 new -

3 -

4 -

5 -

6 b [

[ | ()

I

Ok | | Cancel | | Help |
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— Make sure that View->Visual Properties is enabled (checked). The new tag
appears on any new instance added to the filtered view by
subsequent operations.

— To see an expanded view of a pin, click on that pin, right-click to
display a menu, and select Expand. The next figure shows an example
of an expanded view of a pin.

prgm_chtr

ﬁ

prgmentr

New property

Select a pin, right-click and
select Expand.
ins_decode
= prgm_ctr
decodes[120] _:__ B
decode prgmentr
[E=
Transparent Opague hierarchical

hierarchical instance instance

The software expands the connection to the next register and displays
it. Because this register is inside Ins_decode, the software indicates
hierarchy with a transparent hierarchical instance (a hollow
bounding box surrounding the lower-level logic connection).

— Select Options->HDL Analyst Options->Visual Properties and deselect
(uncheck) the Show checkbox next to the new property, and click OK.
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| Text | General | SheetSize ] Visual Properties l
Show Property RTL -\I.I—'|E$ vg#: =

1 slow | M| o
2 [ new ]}

3 -

4 -

5 -

6 o f
| | [Z|I]
|Insianoe has been added to sheet as result of last expand operation

| oK | I Cancel I | Help |

Note, you can also use the shortcut keys Ctrl-q to toggle Visual Properties on
or off in the RTL or Technology view as described in the message below.

In RTL or Tech View use Ctrl+Q to toggle Visual properties

Show this message in the future

— Click the Back button () twice to return to the top level.

2. Hide an instance in the top-level RTL view.

— Select the INS_Decode block, right-click, and select Hide Instances from
the pop-up menu.
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You see a small H in the lower left corner of the instance, which
indicates all lower-level hierarchy is “hidden” from certain operations
such as expanding.
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et
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Figure 14: H Indicates a Hidden Instance

— Click in a blank area to deselect everything.

— Select Prgm_Cntr and press F12 or select the Filter on Selected Gates icon
(2 ), so that only the selected object (Prgm_Cntr) is displayed.

— Select the same pin as shown below and in stepl, right-click, and
select Expand.

The results are different, because the internal hierarchy of the hidden
instance is not expanded.
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prgm_chtr

ﬁ

prgmentr

Select a pin, right-click and
select Expand.

prgm_cntr

[

prgmenir
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11
ulL'[_i
1

g ==

Internal hierarchy of Opague hierarchical
hidden instance is instance
not expanded.

— Click the Back button (E) twice to return to the top level.

— Click the RTL icon and open another window with the top-level RTL
view. Zoom in and look at the lower left corner of INS_Decode block. It
is not hidden in this window, although it is hidden in the first RTL
window. You can hide different portions of the design hierarchy in
different RTL windows.

— Return to the first RTL window and select INS_Decode. Right-click and
select Unhide Instances. The instance is no longer hidden.

— Close one of the windows.

3. View the connections between selected instances.

— In the top-level RTL view select Prgm_Cntr and then, while holding the
Ctrl key, select Spcl_Regs.

— Right-click and select Expand Paths.
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selected instances, which goes through INS_ROM.
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4. Push into INS_ROM.

— To push into INS_ROM, put the Push/Pop Hierarchy cursor over the ROM
instance and click. A text file with the ROM data table is displayed.
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Figure 15:Push into INS ROM

— Close the text window, exit Push/Pop mode, and click the Back button
() until you return to the top level.

5. Flatten hierarchy.

— In the top-level view, right-click and select Flatten Schematic from the
pop-up menu. The software flattens the entire design.
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Figure 16:In Top-level RTL View Select Flattened Schematic

— Return to the hierarchical view by right-clicking and selecting
UnFlatten Schematic.
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I Timing Analyst...
Copy

&8 Find...

B Filter Schematic

[ ] Push/Pap Hierarchy
Select All Schematic
Select All Sheet
Unselect Al
Flatten Schematic
Unflatten Schematic

HOL Analyst Options. ..

SCOPE

Note: You cannot use the Back button, because this is a flattened view,
not a filtered view. In a flattened view, there is no history, so Back
is not available.

— In the unflattened top-level view, select Prgm_Cntr, right-click and
select Dissolve Instances.
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I
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data_m

1
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Show Context
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Unhide Instances
Show All Hier Pins
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The software flattens the hierarchy for Prgm_Cntr only, and displays a
flattened view with the internal logic. It retains the hierarchical
context of the rest of the design.

;
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il
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L —4

— Return to the full, hierarchical view by right-clicking and selecting
Unflatten Schematic (because this is a flattened view and the Back button
does not operate). Once you are at the top level, the Back button
becomes active and you can go back to the previous flattened view.

Eils
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|
I Fil

6. Dissolve hierarchy in a filtered view.

— In the top-level view, select Prgm_Cntr, hold down the Ctrl key and click
on Data_Mux. Click the Filter on Selected Gates icon ( ©) to filter these two
instances.

— In the filtered view, click in a blank area to deselect the instances,
then select Prgm_Cntr. Right-click and select Dissolve Instances. The
resulting filtered view shows the internal hierarchy of Prgm_Cntr
flattened within a transparent instance. Data_Mux is not flattened.
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— Click the Back button () until you return to the top level.
The Back button works because this is a filtered view, not a flattened
view. Filtered views have history.

7. You can minimize the RTL view if you choose or close it.

The rest of the tutorial varies slightly, depending on the technology used. If
you do not use the Xilinx vendor, you can follow the methodology used in this
flow and substitute device options specific to your vendor.
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